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Motivation

Spheroidal graphite cast iron (GGG40/0.7040) is a classical material, the
outer wall containers for granite disposal concepts are made of. This
work aims to provide a deeper insight into the corrosion mechanism
acting at the interface steel-bentonite after saturation with aerated
Opalinus clay water. The steel degradation was monitored by polarization

and electrochemical impedance in middle-term experiments performed

In an special bentonite three-electrodes electrochemical cell.

Electrochemical studies

corr. current/ pA
3
|

Y
<
N

anodic

15 107 3
The polarization curves are characterized by | 8 days | 50.9 days
104 i _ max. cathodic current
random oscillations showing an upper and a < < 100'
£ 5 :
lower current limit. This is probably due to a 7)) 5 3 1o
=
o . o . . .2 0- ML ;
coupling of the cathodic activity of the graphite - 107 3
©
.E -5 T T T T -3 ]
nodules with the corroding steel matrix. The e 085 080 075 070 -065 -06 b T T
@ potential / \/ vs Ag/AgCI o Y
L P O o 0.6
oxygen reduction is attenuated by diffusion- o.
< 00- 1 rﬂw | | ‘ ARG Al | |
e |
control and water reduction on the steel matrix g 05 | ~o07]een ®°7 & e
3 ” > oo
i - : e : O 30°C
dominates the dissolution process. ® 50°C
I I 1 '08 T T T T T
080 079 -078 -077 -0.76 -0.75 0 2'0 4'0 6'0 8'0
potential / V vs Ag/AgCl time / days

1
m-_ at 1 -!-“ [ element | %at1 | 4 | 3 | 2 | 5 |
m 6.1 3.5 4.9 .
99.4 5.0 6.5 6.4
s s23 38.2 29.6 4.4
[ o | 5.6 6.8 48.2
[ Na | 2.1 2.0
L] L4 21 16 BT 01 21 12
m 1.4 1.5 0.3 “ 0.3 0.3 3.2
A 1.0 — si IPX) 3.1 9.6 4.6 .
B o 5.3 6.0 4.5 B o2 08 06
| P | 0.2 5.8 29.4 0.4 0.4
B o 0.6 0.7 0.2 :
0.3 0.2 0.5 4.4 [ Mn | .
[ Fe | 80.5 75.5 335 B 524 28.9 48.7 81.9 :
() I |
S I | & .\b x&
& n & ot O Y
& : N Q o S
5 .{QQ; (_)\\ \(0 (4 Q¢ Q
.\'Q/ (( e -\6 ~‘~\ é
= < W <\°+ N o
& °© © ©

2] 2
o 14 Paz Fe(lll
= ] 8
3 121 ? Fe(ll
O 1.0+
=< ) 5
~ 0.8
3\ i
72 B 0%
o 0.4+ x
>< 0.0
I o2 _ LLJ
732 728 724 720 716 712 708 704 174 172 170 168 166 164 162 160 158 156 i
< binding energy / eV binding energy / eV
U 8 900_ E
o 71 01s 8004 Si2p LLl
el i) 6- hydration « 7007 silicates P
. 2 a0
371 S 500-
X 4] g ]
= <. 400
>0 = ]
=31 ‘@ 300
i c i
32 £ 2001
=Eh = 1001
0_- ........... 0'-"020':’00
: - : - : - : - . -100 ——— 77— —
536 534 532 530 528 526 106 105 104 103 102 101 100 99 98
binding energy / eV binding energy / eV

* Bundesministerium
x fur Umwelt, Naturschutz, nukleare Sicherheit
und Verbraucherschutz

PTKA Acknowledgements

::::’rji ftl:ft?j:u'r(fe rcml‘ogi We would like to thank the Federal Ministry for Environment,
Nature Conservation, Nuclear Safety and Consumer Protection (BMUV)
contract number 02 E 11981A) and the European Union’s Horizon 2020

- European
Commission

research programme (contract 847593) for financing our project

Horizon 2020
European Union funding
for Research & Innovation

cathodic

2H,0+2e —H, +2OH

N 'S o '~,2 ’-__ o -_- l ’ . ,
_Interpretations S0 AN T L 5
T S ‘ VR : ‘ ‘e A e &

Experimental
S EESer Ireference
ili lectrod .
AN » Three-electrodes bentonite cell
o | .
e Slurry of Wyoming bentonite with
P l Opalinus clay water (1:10)
- Opalinus clay * Initial oxygen content: 8.6 mg |’
water bath _—1 | pore water
S * Duration of experiment: 3 months
_i—s— =
« Samples mirror polished: emery paper +
t°C
sample diamond suspension 6 um and 1 pm
4_
Bode-diagrams circuit elements
-40 106§ S ———Y o 200
_ 2.9days : 2.9 days |
50°C o o] o ° 105? o Py 150 -
-85 N [¢)) - o 2 60w
U g o 3 G 105 > 2
___O__O______QO _________ : f 204 o ; o b
O 30°C : 0 BEER o | g O 100
© N m® B 2 10°- 5 =
N o) m 58.9 days ; L0 ©
v ’ 1074 7
Q.
— T T T T T T T T E o+~ 10"+ ' -0 0 +—¥ 7+
0O 20 40 60 80 100 120 — 0 20 40 60 80 10° 10% 10" 10° 10" 10* 10° 10* 10° 0 20 40 60 80 100 120
time / days E’ Z' | kQ O e frl'ec1U(:,~rl1cy,"I-IlzI I 10 time / days
o Nyquist-diagram 58 0 davs 60-
Fe(m) — Fe?* + 2 e (m: matrix) N - 105—§ ' ys i 50_‘ R
Fe2* + H20—> FE(OH)Z +2 H* 8 9 104_; = g—m 40‘-
3 Fe(OH), — Fe;0, + H, + 2 H,0 E %' 3 % n:;: 30-
Si(m) + 2 H,0 - S0, + 4 H* + 4 & o = 10%; o
i 10°4 o) Re
O,+4e +2H,0 -4 0H ] :
10" "

0 20 40 60 80 100 120
time / days

10* 10% 10" 10° 10" 10* 10° 10* 10°
frequency / Hz

equivalent circuit

o

The initial corrosion phase of GGG40 is characterized by the formation of local elements. Graphite

nodules, specially reactive for the oxygen reduction, act as cathodic elements. They are coupled

with the corroding matrix, accelerating the material degradation.

There is an accumulation of non-passivating corrosion products at the interface steel-bentonite. It

consists of hydrated Fe(ll)/Fe(lll) oxy-hydroxides, silicates, and alkaline earth sulfates.

The formation of local elements accelerates the dissolution of ferrite around the graphite nodules

which are exfoliated by hydrogen intercalation.

Mechanism

exfoliation
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