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INFLUENCE OF CHEMICAL AND RADIOLYTIC
DEGRADATION OF BITUMEN ON DISPOSAL

Akio KAGAWA, Masahiro FUKUMOTO, Kazuhiro KAWAMURA
Japan Nuclear Cycle Development Institute(JNC)
Tokai-works, 4-33, Muramatu, Tokai-mura, Naka-gum, Ibaraki,319-1194 JAPAN

Bitumen has been employed as a matrix for low-level radioactive liquid waste in Japan and
other countries. Originally, bituminization was adopted for the sea dumping, but currently
under ground disposal is considered to bituminized wastes. Under disposal condition,
chemical, radiolytic and microorganic degradation may affect the performance of bituminized

wastes for long term. Omne of the possible issues is that the degradation products of bituminized
wastes could increase radionuclide solubility by forming complex.

In this research, chemical and radiolytic degradation tests were performed. The
chemical degradation tests using bitumen with various leaching solution at 363K in the
thermostatic oven under aerobic condition and reducing condition were performed. Eh of
solution of reducing condition was kept from —200 to —300mV(SHE) in argon glove box below
Ippm oxygen. The radiolytic degradaticn tests of bitumen were carried cut under condition
of absorbed dose of bitumen [MGy and 10MGy by *Co v -ray. Inthe experiment bitumen
has been soaked in water.

TOC concentration showed 1200mg-C/dm’ after leaching period of three years on
chemical degradation tests in aerobic condition. However, TOC concentration showed about
6.5mg-C/dm?* after leaching period of 50days on chemical degradation tests in
reducing condition . The concentration of TOC in radiolytic degradation tests showed
increasing trend in proportion to absorbed dose. TOC was 5mg-C/dm®in IMGy case and
about 10mg-C/dm*® in 10MGy case. This means the radiclytic degradation of bitumen was not
significant,

The dominant degradation of bitumen is considered to be oxidation decomposition by
oxygen. The main scluble organic components of chemical degradation of bitumen were
formic acid and acetic acid. But, the main soluble organic components of radiolytic
degradation of bitumen were oxalic acid. If the disposal condition of bituminized wastes in
repository is reducing condition, chemical degradation could be very limited and also radiolytic

degradation influence could be limited.
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1. EXPERIMENTAL

The commercial bitumen of blowing type was used in the tests. In the case of chemical
degradation of bitumen under aerobic condition, bitumen has been contacted with water, calcium
hydroxide solution , sodium nitrate solution or soedium hydroxide solution at 363K up to three years.
On the other hand, in the case of reducing condition, bitumen has been contacted with water, calcium
Hydroxide solution or sodium nitrate solution at 363K for the end of up to 50days. Furthermore, the
leachant was0.07M calcium hydroxide solution{excessive calcium hydroxide was precipitated) as a
simulation: of cement equilibrium water, because cementitious materials seems to be used in deep under
ground facility of TRU waste in the future. 0.1M sodium nitrate solution was a simulation of ground
water, because sodium nitrate in bituminized wastes seems to be leached. Reducing condition tests
were carried out at room temperature in re-circulating argon atmosphere glove box controlled under
1ppm oxygen concentration. Eh control of leachate was done under reducing condition by using iron-
powder. The ion exchanged distilled water was purged with argon in the same glove box before the
tests. The chemical degradation tests of bitumen were carried out at 363K under aerobic condition or
reducing condition.

The radiolytic degradation tests of bitumen were carried out up to IMGy and 10MGy absorbed dose
of bitumen by ®Co vy -ray. 10MGy was almost the same absorbed dose of bituminized wastes for a
million years, and 1MGy was 1/10 of 10MGy for evaluation of difference between 1MGy and 10MGy.

Analysis of degradation materials of bitumen was dose to each chemical degradated leachates and
irradiated leachates after filtration through a 0.45 x m filter (Advantec Disposable Syringe Filter Unit) to
remove particulate materials for Total Organic Carbon (TOC) analysis. Ion Chromatography(IC),
Gas Chromatography Mass Spectrometry — Selected Jon Monitoring (GC/MS-SIM), and Gas
Chromatography Mass Spectrometry (GC/MS) were used for qualitative and quantitative analysis
focused on carboxylic acid as ligand with radionuclides. Furthermore, qualitative and quantitative
analysis of high molecular carboxylic acid of samples by GC/MS were carried out after methylation for
derivative. And, molecular weight distribution of soluble organic components were measured by Fast
Atom Bombardement Mass Spectrometry (FABMS) and Direct Insertion — Chemical [onization Mass

Spectrometry (DI-CIMS).

2. RESULTS AND DISCUSSION
2.1 CHEMICAL DEGRADATION
The concentrations of Total Organic Carbon in the leachates of chemical degradation tests under
aerobic condition or reducing condition were measured after filtration through 0.45 4z m filter. In the
case of aerobic condition, there is an increasing trend of TOC concentration in leachate.
TOC concentration was about 600 to 1200mg-C/dm’ in the leaching period of three years. However, in

the case of reducing condition, a trend of not increasing TOC concentration in each leachate was
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below 6mg-C/dm’® in leaching period of 50days. This means degradation of bitumen was not
caused in reducing condition. The above mentioned results of TOC shows that the most important thing
on degradation of bitumen is the effect of oxidation decomposition by oxygen.
The analysis of soluble organic compenents was carried out, which is focused on carboxylic acids
(such as formic acid, acetic acid and oxalic acid) as organic ligands of complex. The concentration of
the formic acid and the acetic zcid in zerobic condition had an increasing trend in leaching period as the
~same as that of TOC concentration of aerobic condition. The concentration were about 500 to 1500 mg
/dm’ and about 350 to 500 mg/dm® respectively for three years leaching period. And the
concentration of the formic acid and the acetic acid in under reducing condition was the same trend as the
concentration of TOC under reducing condition. The formic acid and acetic acid were not remarkably
changed in leaching perjod. The concentration of the formic acid and acetic acid were about
3mg/ dm® and about 1mg/ dm?, respectively. The high molecular weight (molecular weight from
100 to 500) except for formic acid and acetic acid (low molecular weight) were measured in aerobic
condition { bitumen + jon exchange distilled water, leaching period for three years) and
reducing condition (bitumen + water + iron powder, leaching period for 50days). In the
case of aerobic condition, polyhydric carboxylic acids of mono to penta were generated and maximum
concentration was about 10mg/kg. In the case of reducing condition, polyhydric carboxylic
acids were not generated but only mono carboxylic acid was detected. It's concentration was very
low(10 u g/kg level). The molecular weight distribution of soluble organic components were measured
in aerobic condition (bitumen + jon exchange distilled water, leaching period for three years) and
reducing condition (bitumen + water + iron powder, leaching period for 50days) as chemical degradation
tests of bitumen, In the case of aerobic condition and reducing condition, moiecuiar weight distribution

of soluble organic components was confirmed to be below 300,

2.2 RADIOLYTIC DEGRADATION

The TOC concentration of radiolytic degradation tests showed an increasing trend corresponding to
increase of absorbed dose. The TOC concentration was maximum 15 mg-C/dm®.  And so, the
radiolytic degradation of bitumen was not remarkable. The formic acid and acetic acid were not
detected but the oxalic acid was detected to be about 10mg/ dm®. The high molecular weigh
components (molecular weight about 100 to S00) except for the formic acid, acetic acid and oxalic acid
of low molecular weight were measured in radiolytic degradation tests(bitumen + ion exchange distilled
water, I0OMGy). Regarding to radiolytic degradation, mono carboxylic acids of high molecular weight
( maximum carbon No. is 24) are detected and concentration was about 10~ 100 1 g/kg levei. The
result of molecular weight distribution of organic components was confirmed to be below 600(bitumen +
ior: exchange distilled water, I0MGy). The concentration of TOC, acetic acid and so on of aerabic

condition were very high compared to that of reducing condition and radiolytic condition. Therefore,
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the dominant degradation of bitumen is supposed to be oxidation decomposition by oxygen.

3.CONCLUSIONS

(1) Dominant degradation of bitumen is considered to be oxidation decomposition by oxygen.

(2) Main soluble organic components of chemical degradation of bitumen are formic acid and acetic
acid.

(3) In the case of radiolytic degradation, main soluble organic components is oxalic acid.

(4) Scluble organic components in aerobic condition seem to be higher concentration than in reducing
condition and radiolytic condition.

(3) Radiolytic degradation of bitumen seems to have a small effect compared to chemical degradation.

(6) Molecular weights of soluble organic components of chemical and radiolytic degradation are
below 300 and 600, respectively.

(7) Disposal condition of TRU wastes (for example, bituminized waste) is expected to be reducing

condition, therefore chemical degradation could be very limited and also radjolytic degradation

influence could be limited.

Afier this, long — term chemical degradation test of reducing condition and radiolytic degradation

test with sodium nitrate solution are planned for further evaluation of degradation of bitumen.
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r %D JNC Introduction

+ Bitumen has been employed as a matrix for conditioning low-level radioactive liquid
waste in Japan and other countries.

* Originally bituminization was adopted for the sea dumping, but currently under ground

disposal 15 considered for bituminized wastes.

* 1) Chemical, 2) radiolytic and 3) microorganic degradation may affect the long-term
performance of disposal for bituminized wastes .

* One of the possible issues is that the degradation products of bituminized wastes may
increase radionuclide solubility by complexation.

* To estimate the possibility of these influence by complexers, it is effective to make
clear the amount and kind of organic ligand from bitumen.

- In this research 1) chemical and 2) radiolytic degradation studies were performed.
[tems of evaluation

(1) Evaluation of degradation of bitumen under aerobic and reducing condition as
chemical degradation.

(2) Evaluation of degradation of bitumen under radiolytic degradation.
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Items of measurement

1) TOC ( Total Organic Carbon ) in leachate

2) Soluble organic components in leachate

*]_ow molecular carboxylic acids,such as formic acid,acetic acid and
oxalic acid

*High molecular carboxylic acids

3) Molecular weight distribution of soluble organic components in

leachate

RADIOACTIVE WASTE

MANAGEMENT PROJECT
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Methodology

- Degradated leachates were filtered through a 0.45 ¢ m filter (Advantec
disposable syringe filter unit, cellulose acetate)

- TOC was analysed by TOC meter

- Low molecular carboxylic acids were analysed by IC , GC/MS-SIM

- Hight molecular carboxylic acids were analysed by GC/MS with methylation

- Molecular weight distribution of soluble organic components was analysed by
FABMS and DI-CIMS

TOC meter : Total Organic Carbon Meter

GC/MS-SIM: Gas Chromatography Mass Spectrometry-Selected Ion Monitoring
FABMS: Fast Atom Bombardement Mass Spectrometry

DI-CIMS: Direct Insertion - Chemical Ionization Mass Spectrometry

RADIOACTIVE WASTE
N MANAGEMENT PROJECT —
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Chemical degradation tests of bitumen
in aerobic and reducing conditions.
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Condition of chemical degradation test of bitumen

Ambient aerobic condition reducing condition

Atmosphere Ambient air < Ippm oxygen (in argon glove box)
Eh of leachates: -200~-300mV(SHE)

Bitumen Blown bitumen

Ratio of

solid - liquid Bitumen (about 1) : leachant (about 10)

(g/cm3)

(I:Joclilg;rll%% ethyl fluoride - purphloroalkyl vinyl ether copolymer (PFA) ,V=180cm3

Leachin

363K (thermostatic oven) 363K (thermostatic oven in an argon

temperature
pete atmosphere glove box)

100-0060¢ 00Z8NL ONI

Leaching

period 3y 50d

Leaching AH : 10 g bitumen + 100cm3 AH : 10 g bitumen + 100cm3 deairing water
conditions ion exchanged distilled +10 g iron powder

water
ACH : 10 g bitumen + 100cm3

0.07MCa(OH)» solution

ACNH : 10 g bitumen + 100cm3
0.07MCa(OH)7 solution

+0.1MNaNO3solution

AOH : 10 g bitumen + 100cm3
10M NaOH solution

ACNH : 10 g bitumen + 100cm3 0.07MCa(OH)7

solution+0.1M NaNO3 solution

+ 10 g iron powder




Concentration of TOC

(mg-C/cm”)
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Concentration of TOC of chemical degradation test of bitumen

aerobic condition (analyzed by TOC meter)

1200

under

N

AH :10g bitumen+100cm® ion exchanged distilled water
ACH :10g bitumen+100em>0.07M Ca(OH)2 solution

ACNH :10g bitumen+100cm3(O.O7M Ca(OH)2+O.1 M NaNOB) solution

AOH :10g bitumen+100cm>10M NaOH solution

/
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Concentration of TOC

(mg-C/dm’)
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Leaching period(d)

Concentration of TOC of chemica! degradation test of
bitumen under reducing condition.
(analyzed by TOC meter)

AH :10g bitumen +100cm3deairing water +10g iron powder

ACNH : 10g bitumen +100cm>0.07MCa (OH)Z/O.l MNaNO3 solution

+10g iron powder
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of formic acid
(mg/dm°)

Concentration
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 Concentration of formic acid of chemical degradation test of bitumen

under aerobic condition. (analyzed by IC or GC/MS-SIM)

AH

ACH
ACNH :

: 10g bitumen + 100cm® ion exchanged distilled water

. 10g bitumen + 100cm 0.07M Ca(OH) solution
10g bitumen + 100cm’ 0.07M Ca(OH) solutlon/O ™ NaNO

solution
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Concentration of acetic acid

(mg/d_m3)
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Concentration of acetic acid of chemical degradation test of bitumen
under aerobic condition. (analyzed by IC and GC/MS-SIM)

AH : 10g bitumen + 100cm® ion exchange distilled water

ACH : 10g bitumen + 100cm> 0.07Ca(OH), solution

ACNH : 10g bitumen + 100cm’ 0.07M Ca(OH)‘,2 solution/ 0.1M NaN03 solution
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Concentration of formic acid

FORM

IC ACID

: REDUCING CONDITION
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Concentration of formic acid of chemical degradation test of
under reducing condition. (analyzed by GC/MS-SIM)

bitumen

AH :10g bitumen ~-100cm® deairing water-+10g iron powder
ACNH :10g bitumen +100cm 30.07M Ca(OH)2 solution/ 0.1M NaNO3 solution

-+10g iron powder
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Concentration of acetic acid

ACETIC ACID : REDUCING CONDITION
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Concentration of acetic acid of chemical degradation test of bitumen
under reducing condition. (analyzed by GC/MS-SIM)

AH : 10g bitumen-100cm® deairing water +10g iron powder
ACNH : 10g bitumen +100em’0.07M Ca(OH)2 solution / 0.1M NaNO3 solution

+10g iron powder
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GC/MS qualitative and quantitative analysis of soluble organic
components (carboxylic acid) of chemical degradation test of
bitumen under aerobic condition,

( AH:bitumen + ion exchanged distilled water, leaching period :3y)

components concentration
CH3CC2H4COH 21
Il 1 .
HO CC2H4COH
TR 9.5
CH3§C3H6%OH 0.81
CszO%CzHathH 0.53
OH "
HO(ECHCHZ(&OH 0.6
O O
HOCC3HsCOH 2
I i1 1
(IJCHs
HO(};CHCHZQOH 0.55
O )
HOCC4HsCOH
il T 1.9
O O
{—{ COOH)2 0.75
HOCC2H4CC2H4COH
il i Y 2.3
O O 0
CH3~< >—( COOH)2 1.3
{O— COOH)3 3
CH30-¢ >— COOH)3 0.8
{— COOH)4 2.7
@—( COOH)5 1.2 (mg/kg)

GC/MS samples were derivated for methylation.



GC/MS qualitative and quantitative analysis of solble organic
components (carboxylic acid) of chemical dagradation test of
bitumen under reducing condition.

( AH: bitumen + deairing water + iron powder, leaching period : 50d)

components concentration
CisH27COQOH < 0.01
CisH31COOH 0.03
Ci17H3sCOOH 0.03
(mg/kg)

GC/MS samples were derivated for methylation.
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AEROBIC CONDITION
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Molecular weight distribution of soluble organic components in
chemical degradation test of bitumen under aerobic condition.

(AH:bitumen + ion exchanged distilled water, leaching period : 3y)
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Relative abundance

REDUCING CONDITION
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Molecular weight distribution of soluble organic components of
chemical degradation test of bitumen under reducing condition.

( AH:bitumen + deairing water + iron powder, leaching period : 50d)

100-0002 00G8NL ONT



Soluble organic components per lg of bitumen
under chemical degradation test of bitumen.

Chemical degradation products of bitumen

100-0002 00Z8NL ONI

aerobic condition reducing condition
(leaching period : 3y ) (leaching period : 50d)
TOC 12000 ¢ g-C/g-bitumen 60 i g-C/g-bitumen
Acetic acid 5300 ¢ g/g-bitumen 10 p g/g-bitumen
Formic acid 15300 2 g/g-bitumen 30  g/g-bitumen
High molecular weight 05 p g/g-bitumen 0.3 u g/g-bitumen

organic components
(carboxylic acid)

These values are maximuim.
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Radiolytic degradation tests
of bitumen
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Condition of radiolytic degradation test of bitumen

Irradiation source
Bitumen

Ratio of solid - liquid
(g/cm3)

Temperature of irradiation

Samples of 1irradiation

Container

Absorbed

Irradiation time

Exposure rate

60Co y -ray

Blown bitumen

Bitumen (about 1) : leachant (about 20)

Room temperature

50g bitumen + 1000cm3 ion exchanged
distilled water

Glass bottle

IMGy (10.65KGy /h X94.79h)

10MGy (10.61KGy /h X951.48h)

(10MGy is almost all the same absorbed dose of

bitumen of solidified waste for a million years)

94.79h (IMGy) , 951.48h (10MGy)
10.65kGy /h (1IMGy), 10.61kGy /h (10MGy)
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Concentration of TOC of radiolytic degradation test of bitumen.
(analyzed by TOC meter)

Absorbed dose TOC (mg-C/ dm?3)

IMGy 4.8

10MGy 15.0

100-000Z 00Z8NL ONF



Concentration of HCOOH, CH3COOH and C;H204 of radiolytic degradation

test of bitumen. (analyzed by I C)

Absorbed dose HCOOH CH3COOH C2H204
IMGy ND ND ND
10MGy ND ND 9.6

Detection limait : HCOOH . CH3COoOH <10mg / dm? (mg / dm?’)

C21204 <01mg/mn3

100-0008 O0Z3NL ONT



GC/MS qualitative and quantitative analysis of solble organic components
(carboxylic acid) under radiolytic degradation test of bitumen

( bitumen + jon exchanged distilled water, 10MGy)

components

concentration (mg / kg)

Ci1aH27 COOH

Ci4H29 COOH

_Ccoon
HOOC~$-COOH

CisHz COOH
CisH33 COOH
Ci7H33 COOH
C17H3s COOH
Ci9Hzo COOH
C21H43 COOH

C23H47 COOH
C24Hao COOH

0.01
0.01

ND
0.12
ND
0.02
0.04

0.01
0.01

ND
0.04

Dectection limit : <0.01mg / kg

GC/MS samples were derivated for methylation
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RADIOLYTIC DEGRADATION
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Molecular weight distribution of soluble organic components of
radiolytic degradation test of bitumen.

( bitumen + ion exchanged distilled water, 10MGy)
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Soluble organic components per 1g of bitumen
radiolytic degradation test of bitumen.

under

Radiolytic degradation product of bitumen (aerobic condition)

TOC

Oxalic acid

Formic acid

Acetic acid

High molecular
organic components
(carboxylic acid)

IMGy

0.1 4 g-C/g-bitumen

2E-3 p g/g-bitumen

<0.2 ¢ g/g-bitumen

<0.2u g/g—bitumen

10MGy

0.3 4 g-C/g-bitumen

0.2 4 g/g-bitumen

<0.2 4 g/g-bitumen

<0.2 ¢ g/g-bitumen

2.4E-3 p g/g-bitumen
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Conclusions

1) Dominant chemical dagradation of bitumen is considered to be decomposition

by oxygen. Main soluble organic components of chemical degradation of
bitumen are formic acid and acetic acid.

2) Radiolytic degradation of bitumen seems to be lower than chemical

degradation from the TOC result. Main soluble organic components is oxalic
acid.

3) Condition of repository is expected to be reducing condition, so chemical
degradation could be limited. And radiolytic degradation could be limited.
Soluble organic components seems to have a small effect on the performance
of repository.
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