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ABSTRACT
To address climate change, power plants need to switch to greener fuels. One possible fuel is 
biomass; a carbon neutral/low carbon fuel. However biomasses’ chemistries are both different 
from coal’s and vary depending on their sources, containing unique levels of the trace 
elements (e.g., Cl and S) capable of altering the degradation of heat-exchangers. As such, an 
understanding of the effects of these variations on fireside corrosion is needed. Laboratory 
testing exposed alloys T91 and TP347HFG in a simulated agricultural product combustion 
environment at 600°C (up to 1000h; 100h cycles). Three different deposits mixtures were 
investigated (comprised of KCl, K2SO4, Na2SO4, CaSO4 indifferent percentages) mimicking 
accelerated corrosion from different biomasses. Corrosion behaviour was found to be depen
dant on both alloy and deposit chemistries, with the two materials showing different 
responses. The deposit with lowest KCl showed lowest corrosion damage, while the highest 
KCl deposit showed more aggressive behaviour.
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Introduction

Current and future energy generation methods need 
to address the challenge of climate change, by either 
improving efficiencies and/or reducing pollutant 
emissions [1–6]. The use of ‘low-carbon’ renewable 
fuels (such as biomass) is one way to tackle this chal
lenge [7–9]. Challenges can arise from the use of such 
fuels, especially in regards to fireside corrosion of heat 
exchanger materials in power plants [10]. It should be 
particularly noted that different categories of bio
masses could be used as solid fuels, ranging from 
waste woods fuels (WWF), to herbaceous grass and 
biomasses (HGB), and agricultural plants and residues 
(APR) [10]. Due to their different origins, these differ
ent categories of fuels exhibit different chemical com
positions, especially with regards to trace elements, 
such as K, Cl, S, Na, and Ca [11,12]. These differences 
in chemical composition will alter the chemistries of 
the respective flue gases, and therefore the chemistry 
and quantity of any species condensing onto the heat- 
exchanger surfaces as deposits [10]. The fireside cor
rosion of power plant heat exchangers is known to be 
very dependent on the combustion environment 
chemistry, as already shown [13,14], with the corro
sion damage exhibiting a well-known ‘bell shape’ dis
tribution as function of metal surface temperature 
[13,14]. Another aspect when considering the extent 
of fireside corrosion is the amount of Cl present in the 
combustion gas environment. It was seen that the Cl 
content could have a significant impact on the extent 

of degradation on heat-exchanger materials [14]. This 
is due to the ability of Cl to react via an ion exchange 
mechanism [15] that enhances corrosion damage.

In biomass combustion plants, heat exchanger 
metal surface temperatures are usually around 450– 
600°C [16] (for superheater and reheaters), so it is 
crucial to assess which compounds can form liquid 
phase deposits on the heat exchanger surfaces exposed 
to the flue gases as opposed to more slowly reacting 
solid deposits [17]. It is also important to understand 
the role of the various elements in the degradation 
process. Previous studies have assessed the role of K, 
Na and Ca on the corrosion mechanisms of SS304L at 
600°C [18], showing how the CaCl2 had a lesser 
impact on corrosivity as compared to Na and 
K chloride compounds. This is due to the higher 
melting point of calcium chloride. Since biomasses 
have a range of different compositions, together with 
the effect of chloride compounds, it is important to 
assess the impact of other chemicals, such as K2SO4, 
on the degradation mechanisms. Research comparing 
the effects of different deposits on the formation of K2 

CrO4 on stainless steel could only confirm the pre
sence of such compounds [19]. As such, 
a comprehensive study assessing the effect of complex 
chemistry in the Salt mixture is still needed. It is 
anticipated from literature [15,17,20,21], that 
a mixed deposit chemistry will decrease the melting 
point of the resulting mixture. This in turn is likely to 
shift the bell-shaped curve for fireside corrosion 
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damage; moving it towards lower temperatures 
[15,17,20,21].

In this work, the effect of different deposit compo
sitions on the corrosion performance of T91 and 
TP347HFG, was evaluated. Laboratory test were per
formed under a gas which simulated APR fuel cate
gory combustion conditions with samples exposed to 
3 different deposit chemistries based on those pre
dicted for different fuel category.

Materials and methods

Materials

Two materials used in high temperature combustion 
plants [22] were selected for use in this study: one 
austenitic stainless steel (TP347HFG) and one ferritic 
steel alloy (T91), with nominal composition given in 
Table 1. The samples for the study were machined into 
segment specimens from long superheater tubes 
(Figure 1), with dimensions of about ∼15 mm long × 
~15 mm wide, and with a ∼5 mm wall thickness. All 
the specimens’ surfaces were given a UK 600 grit 
finish.

Methods

Fireside corrosion tests were carried out in 
a controlled atmosphere vertical furnace at 600°C. 
The furnace was equipped with an alumina-liner and 
furniture (Figure 2) and was able to accommodate 24 
samples simultaneously in individual alumina cruci
bles. Samples were allocated randomly in the furnace 
for the first cycle, after that the position was main
tained during the entire duration of the exposure. 
Other work has been carried out assessing that the 
effect of the position (and temperature difference) 
has a negligible impact on the corrosion damage in 
this type of test set-up [24]. The test lasted for a total of 
1000 h, with samples cycled every 100 h, during which 
deposits were re-applied to the various samples using 
the ‘deposit recoat’ technique [25,26]. Pre-mixed gases 
were supplied to the furnace via mass flow controllers 
to achieve the desired gas composition (Table 3), with 
a flow rate of the dry gas of 100 sccm. Moisture levels 
were obtained by injecting water into the furnace 
using a peristaltic pump, with a flow rate of 18.4 
sccm, this would correspond roughly at a flow of 
9 cm/min around the sample. The laboratory test 
was carried at 600°C, so that the metal was maintained 
(without cooling) at the expected plant metal surface 
temperature. However, the gas composition used for 

this experimental work (Table 3) simulated the 
exhaust gas composition at 1100°C; the anticipated 
flue gas temperature. At 600°C, this gas, at equili
brium, would not be expected to have S-species pre
sent in the gaseous phase, but only as condensed 
phases, which is not representative of the post- 
combustion scenario. These calculations were carried 
using MTData software.

Prior to testing, samples were cleaned in an ultra
sonic bath for 10 minutes with acetone, then iso- 
propanol (IPA). Dimensional measurements were car
ried out on the clean samples using a digital micro
metre (resolution of 1 μm). The cleaned and measured 
samples were then weighed and put on a hot plate 
(temperature around 100°C), where deposit slurries 
were applied. Each slurry was applied with a flux of 
100 μm/cm2/h on the convex face of the samples 
(deposit composition specified in Table 2); this was 
done to induce accelerated fireside corrosion damage 
[25–28]. The deposit was applied as a uniform layer on 
the samples’ surface, the amount of deposit was 20 mg 
per sample in every cycle.

In each cycle, samples were weighed prior to and 
after their deposits’ application. The weight data were 
used to track individual samples throughout the dura
tion of the test and to check deposition fluxes. 
Individual samples were exposed for 200, 500 or 
1000 hours for each combination of deposit and 
alloy type.

Post-exposure, samples were mounted in resin 
(with glass ballotini beads mixed into low shrinkage 
epoxy resin) to preserve any deposit/scale. The sam
ples were then cross-sectioned, ground, and polished 
(down to to a 1 μm finish) with oil-based lubricant.

A statistical distribution of damage (change) was 
generated for all the samples via dimensional metrol
ogy [29–32]. All samples’ dimensions were measured 
prior to exposure to allow the correct calculation of 
dimensional changes post-exposure. Cross-sections of 
the exposed and polished cross-sectional samples were 
then measured with an image analyser and the posi
tion of the remaining metal and internal damage 
recorded around the sample. The image analyser 
then generated a set of x-y coordinates for the metal 
surfaces and any internal damage, which were com
pared to the ‘gas only’ damage recorded from a sample 
exposed to the same environment without any applied 
deposit. This procedure was necessary to isolate the 
damage caused by the deposit (rather than the gas). 
The data were when plotted and re-ordered to pro
duce the final cumulative probability curves of the 
metal change and sound metal change (which is 

Table 1. Nominal composition for selected alloys (wt%) [22,23].
Material C Cr Ni Mo Mn V Nb Fe

TP347HFG 0.07 18 10 - 2 - 1 Balance
T91 0.14 9 0.4 1 0.5 0.25 0.1 Balance
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defined as metal change plus internal corrosion) asso
ciated with each material/deposit combination. 
Figure 3 gives a schematic diagram of the process. To 
take into account systematic errors inherent in the 
different measurement techniques (i.e. microscopy, 
micrometre), unexposed reference samples were used 
for calibration.

The data presented as ‘metal change’ give an indi
cation of the regression of the metal surface with 
respect to the original (i.e. pre-exposure) surfaces. 
These were the key output of this study and were 
produced in line with current standards for high tem
perature corrosion assessment [29–31]. Corrosion 
data analysis through statistical methods was proven 
to provide good basis for corrosion model develop
ment and validation [33,34]. Typical errors associated 
with this technique are in the range of about 3 to 
5 μm [24].

Finally, scanning electron microscopy (SEM) was 
used to investigate the microstructure of scale layers 
that had formed on the alloys. Elemental analysis was 
also performed using energy dispersive x-ray spectro
scopy (EDX).

Results and discussions

Dimensional metrology

For all alloy/deposit combinations, the distributions 
of the damage induced by fireside corrosion were 
collected after 200, 500 and 1000 hour exposure. 
These distributions are reported as metal change (or 
sound metal change) versus a cumulative probability 
(or standard deviation).

In Figure 4, the metal change distributions after 200, 
500 and 1000 hour exposure are given (respectively 
Figure 4 a,c,e), as well as sound metal change distribu
tion after 200, 500, 1000 hour exposure (Figure 4 b,d,f) 
respectively). The different curves represent the two 
alloys, T91 (full dots) and 347HFG (hollow dots), with 
the three different deposits D1 (red), D6 (green) and 
D8 (black). It can be seen from the metal change 
graphs, that the damage on the metal surface increases 
with an increase in the exposure time (Figure 4 a,c,e) 
for all the samples. This increase can be observed in 
the sound metal change graphs as well (Figure 4b,d,f).

Each metal or sound metal change value corre
sponds to a probability of finding a change equal or 
greater than the given value around the sample’s sur
face. In Figure 4, the distributions for all samples 
involved in the study are given. It can be seen that 
each alloy/deposit combination shows a different 
behaviour with respect to the others. In these graphs 
(Figure 4) the points on the extreme right side indicate 
a high probability (about 98% in this case) that the 
change in metal around the samples would be greater 
than the reported values. Other information can be 
extracted from the spread of the values. For example, 
the slope of the distribution can be related to the 
homogeneity of the corrosion damage around the sur
face of the samples.

Figure 5 report the median metal and sound metal 
changes for the two alloys and the two different depos
its. It is worth nothing that samples without deposit 

Figure 2. Schematic diagram of corrosion furnace used for the 
test.

Figure 1. Schematic diagram of corrosion coupons used for 
the tests [13,14].
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were exposed at the same time for both alloys. Those 
samples showed a median metal change of −23.47 μm 
(T91) and −1.96 μm (347HFG). The median sound 
metal change recorded was equal to the median metal 
change for both alloys. Looking more closely at the 
deposits, different behaviours for each deposit can be 
observed. Samples coated with D1 (red curves; 
Figure 4) show a lower metal and sound metal change 
with respect to the other deposits for both alloys. The 
median metal changes recorded after 1000h exposure 
with deposit D1 for T91 and TP347HFG respectively 
were −74 μm and −45 μm, while the sound median 
changes were −75 μm and 86 μm. For the other depos
its the median metal changes recorded were −260 μm 
and −170 μm for D6-T91 and D6-HFG respectively 
and −200 μm and −262 μm for D8-T91 and D8-HFG. 
This behaviour could be due to the different composi
tion of deposit D1 as compared to D6 and D8 (see 
Table 2). The main difference between these three 

deposit is the availability of chlorides. In fact, D1 
contains the lowest level of chlorides (KCl) (about 
55% lower than D6 and D8).

The other 2 deposits (D6 and D8) seem to have 
a different behaviour depending on the alloy 
(Figure 4). It appears that the deposit D6 has more 
impact over time on T91 steel leading to a higher 
metal and sound metal change (−260 μm and −270 
μm, respectively), while D8 has more impact on 
347HFG for both metal and sound metal change 
(−262 μm and −275 μm, respectively). The higher 
values for metal and sound metal change were 
recorded for the alloy 347HFG with deposit D8 and 
T91 with deposit D6, with both showing similar dis
tribution (or amount of damage) after 1000 
h exposure.

In Figure 6, SEM backscattered images for the dif
ferent samples after 500 h are shown. From the pic
tures it can be seen how the scale/deposit layer on top 
of the T91 alloys (Figure 6 left hand side) is always 
detached from the alloy substrate, which is a clue of the 
fact that the metal is not able to form a protective oxide 
scale. At the same time, it can be seen that the scale/ 
deposit layer on top of T91 is thicker than the one on 
top of 347HFG. Furthermore, no clear sign of internal 
damage can be observed inside the T91 samples. The 
roughness and small depletions of the metal surface of 
T91-D1 in Figure 6 and Figure 7, may suggest similar 
attacks for T91-D1 as seen for 347HFG, however, no 
grain boundary corrosion can be seen.

Figure 7 shows the EDX elemental analysis for both 
alloys covered with deposit D1. As it can be seen T91- 
D1 (Figure 7 top images) shows a porous layer of 

Table 2. Molar composition of the three different deposits 
used in the test.

Deposit KCl K2SO4 Na2SO4 CaSO4

Concentration (mole %)
D1 30 20 20 30
D6 71 29
D8 67 33

Table 3. Composition of the simulated APR combustion gas 
environment.

Gas  
composition N2 O2 CO2 SO2 HCl H2O

Mol % 70.3 6.2 11.8 96.0 vol. ppm 53.0 vol. ppm 11.6

Figure 3. Schematic representation of the dimensional metrology process. The analysis consists of different steps 1) measuring 
the samples before exposure, 2) samples’ mounting in resin, 3) imaging of samples’ perimeters, 4) selecting of points at the metal 
surface and for internal damage, 5) comparing samples with pre-exposure measurements and reference samples, 6) subtracting 
the environmental effect by comparison to a sample exposed to the same environment without deposit, 7) plotting the resulting 
change in metal against location and 8) re-ordering the data based on cumulative probability [23,25].
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Figure 4. Fireside distribution plot for metal change after a) 200 h; c) 500 h, e) 1000 h exposure; and sound metal change after b) 
200 h, d) 500 h and f) 1000 h exposure, for both alloys and all three deposits.

Figure 5. Time distribution for the median metal and sound metal change. The bar chart shows the behaviour of the different 
alloys and different deposits. The error bars in the chart represent the maximum and minimum change of the different 
distributions.

40 S. MORI ET AL.



scale/deposit rich in Cr and Mo. It can also be noticed 
that the scale is detached from the alloy substrate. In 
the bottom images of Figure 7 the EDX analysis of 

347HFG-D1 is reported. The EDX maps show the 
presence of S in the scale/deposit layer, which could 
be due to the presence of sulphates in the gas phase 

Figure 7. Backscattered images of T91-D1 and 347HFG-D1 on the left-hand side with respective EDX maps after 500 h exposure.

Figure 6. Backscattered images of the two different alloy and different deposits.
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diffusing through the scale. The scale appears to be 
adherent to the substrate, and composed of Ni, Cr and 
Fe. Below the metal surface an area depleted in Cr and 
Fe can be seen. It also appears that the grains close to 
the metal surface show signs of intergranular corro
sion attack and are surrounded by Cr-rich oxide. 
A similar behaviour was reported in literature 
[35,36] and named as ‘diffusion cell’ behaviour. This 
Cr-rich oxide would act as diffusion blocker, prevent
ing the alloying elements from the bulk material, dif
fuse towards the surface of the metal, and create 
a protective oxide layer. Below the superficial grains, 
it can be seen how the damage is diffusing further into 
the alloy, but since the damage is not yet fully devel
oped (e.g. grains are not surrounded by the Cr-rich 
oxide) no sign of Cr or Fe depletion was detected. 
Looking at the spatial distribution of Cl, it can be 
seen that the white precipitates on the left-hand side 
of the picture are composed by Cl. Those precipitates 
are found within grain boundaries. Furthermore, the 
diffusion of K inside the alloy was observed.

In Figure 8, T91 and TP347HFG samples exposed 
with deposit D6 are shown. In the top image, T91-D6 

is shown, it can be seen that the scale/deposit layer is 
composed by Cr-Mo rich oxide, which is detached 
from the surface of the metal. For sample 347-D6 
a similar behaviour of sample 347-D1 was observed 
(see Figure 7 and Figure 8). It can be seen that the scale 
on the metal surface is composed mainly by a Ni-rich 
oxide, and a Cr depleted region was found beneath the 
metal surface. Similar intergranular attack can also be 
observed, even though less pronounced respect to 347- 
D1 (Figure 7). Also, precipitates can be observed, 
which appears to be composed by Nb/S. Similar pre
cipitates were found already in literature [37,38] e for 
Sanicro 25. Looking at the elemental maps, it can be 
seen a uniform spread of Cl across the metal surface 
(below Ni scale), this could be explained by the for
mation of a low melting point KCl-NiCl2 eutectic 
mixture, with a Ni-Cl molten phase at temperature 
below 600°C [39].

In Figure 9 the samples with deposit D8 are shown. 
Sample T91-D8 is shown in the top left-hand side of 
the image, with elemental maps on the right-hand 
side. As it can be seen the scale/deposit layer in this 
case, looks denser, even though a detachment was 

Figure 8. Backscattered images of T91-D6 and 347HFG-D6 on the left-hand side with respective EDX maps after 500 h exposure.

42 S. MORI ET AL.



observed in this case as well. The scale/deposit layer 
appears in this case composed of two different oxides. 
We can in fact observe a Fe-rich oxide in the top part 
of the layer, while a Cr-rich oxide can be seen close to 
the metal surface. It can be also noted the presence of 
K and S on top of the scale, which could indicate that 
part of the deposit is retained as K2SO4. Since the 
gaseous environment is rich in SO2, this could have 
influenced grain boundary penetration.

Looking at the sample 347-D8 (bottom image in 
Figure 9), it can be seen that features similar to the D1 
and D6 are present. It can be seen an internal (inter
granular) attack was suffered by the metal, and the 
presence of precipitates in the base alloy can be 
observed. Those precipitates appear to be formed by 
Nb/S, while an oxide layer surrounding the grains can 
be found, as for the previous samples. The presence of 
a Cr depleted region below the scale/deposit region 
can be observed.

In Figure 10 347-D6 after 1000 h exposure can be 
seen. A pit-like damage can be seen, which is filled with 
corrosion products, mainly Cl, O and Fe. This penetra
tive damage can be due to the high Cl vapour pressure, 

which could inhibit the ability of the scale of heal itself. 
Cl− ions could also be lost from corrosion site, as illu
strated in Figure 10. These ions could be released by ion 
exchange mechanism [20] and form HCl (gas, that 
could leave the corrosion site) in absence of KOH, via 
the mechanism described in equation 1. 

Cl� þ H2O gð Þ  !HCl gð Þ þ O2� (1) 

In absence of cations, there is a need to a sufficient 
provision of chlorides from deposit/gas, making the 
volume of chlorides the factor governing corrosion 
rates. The availability of chlorides would be influenced 
by the S/Cl ratio, which determine the eutectic melt 
fraction of the deposit [15].

Deposit D1 could follow a different mechanism for 
the corrosion attack, due to the difference in deposit 
composition (see Table 2). In deposit D1 there is 
a simultaneous presence of Na and K, which could 
result in a lower melting temperature, respect to the 
K system only (as low as 310°C with 30% NaCl) 
[15,17,38]. In Figure 11, SEM data from 347HFG-D1 
is reported after 500 h exposure. It can be observed 
that there is overlap in the Na, K and S maps (Figure 7 

Figure 9. Backscattered images of T91-D8 and 347HFG-D8 on the left-hand side with respective EDX maps after 500 h exposure.
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and Figure 11), which could suggest the formation of 
K3Na(SO4)2 with low melting point [15]. This is in 
agreement with literature findings and could be 
formed through the reaction [15]: 

4Na2SO4 sð Þ þ 4KCl sð Þ ! 2K3NaðSO4Þ2 l;sð Þ þ 6NaCl sð Þ
(2) 

It can also be noted the penetration of the Cl beneath 
the metal surface (end tail of the intergranular attack 
in Figure 11), suggesting that the mixed scale could 
enhance the penetration of Cl inside the alloy. Similar 
behaviour was observed in literature by He et al [22], 
which suggested that a dual cation mix could result in 
more severe attack than single cation deposits, with 
cations playing a major role in the attack, facilitating 
the penetration of Cl through grain boundaries in 
347HFG alloy. In addition to this, Ca and Na could 
have a role in the difference seen in corrosion. Those 

could increase the basicity of the salt mixture, which 
will alter the solubility of the different metal oxi
des [40].

This was confirmed by SEM images (Figure 12) and 
penetration depth data (extrapolated from dimen
sional metrology data in Figure 4), where 347-D1 
samples show higher extent of internal penetration 
respect to 347-D6 and 347-D8 samples. It is to be 
noted, even though penetration is lower for deposit 
D6 and D8 on 347HFG alloy, it shows the ability to 
form pit (especially D6). 347-D6 shows an evident pit 
which could be due to the high amount of Cl present 
in the deposit. D8 had also similar amount of Cl, but 
pits were not found, which could suggest that scale loss 
take place for this sample, leaving to a more evenly 
distributed front of attack [41]. Furthermore, deposit 
D8 and D6 showed the ability of starting on the sur
face of T91 after 500h of exposure, Figure 12. This was 
not observed for samples T91-D1, suggesting that the 

Figure 11. Backscattered image of 347HFG-D1 after 500 h exposure showing K-Na possible location.

Figure 10. Backscattered image of 347HFG-D6 after 1000 h exposure, showing Cl attack mode.
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Figure 12. Backscattered images and EDX maps for 347HFG with different deposits showing median penetration depth. Bottom 
figures represent T91 samples with different deposits after 500 h exposure.
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corrosion mechanism for the latter is different, and 
dependent on the presence of K, Na and Ca cations. 
These findings would explain the dimensional metrol
ogy data (see Figure 4) which showed higher damage 
for both D6 and D8 deposit, which contains a higher 
amount of Cl (see Table 2), that could lead to a higher 
molten fraction of the deposit.

In summary, the fireside corrosion rates and 
mechanisms under biomass simulated exposures 
partly depend on the hydroxide. Folkeson [21] dis
cussed the role of KOH serving as intermediary 
between KCl and the diffusing Cl− ions. In the case 
of this study, it is proposed that K2CrO4 could act as 
intermediary between KCl and Cl−, where scale 
decomposition products (OH in this case) support 
scale damage. It could so be argued that both Cl− ion 
diffusion (which are likely to influence pitting forma
tion) and alkali metal hydroxide transfers (which 
could influence scale damage) contribute to corrosive 
damage. The contemporary presence of Na and K it 
could be associated with the formation of lower melt
ing point eutectics [16] (compared to system with only 
K as cation). In fact, low melting point K-Na-sulphate 
might form [16] and such compounds might make 
K less volatile and increase the molten deposit 
fraction.

Kung [42] proposed a different mechanism for the 
corrosion and especially the difference in the role of Cl 
and S in the fireside corrosion mechanisms. In his 
work, he supposed a different role for S, called ‘active 
sulfide-to-oxide corrosion mechanism’, in which 
S could combine with Fe, forming FeS at the interface 
between metal and scale. This will then form FeCl2 

which can diffuse through the scale and deposit as Fe2 

O3 on top of the scale. This behaviour could be some
how similar to what seen for T91-D6 (Figure 8), in 
which the presence of S has been detected at the inter
face between scale and the metal, and the contempora
neous presence of a Fe rich oxide in the outer scale.

Conclusions

In this paper, two stainless steel alloys (T91 and 
347HFG) were exposed to a simulated combustion 
environment which could be generated from APR 
category fuels The samples were covered with three 
different deposits (D1, D6 and D8) designed to simu
late vapour condensation from biomass post- 
combustion.

The samples were analysed by dimensional metrol
ogy and electron microscopy. The dimensional metrol
ogy data showed the increase of the damage with time 
for all exposure conditions. It also showed that the two 
alloys react differently to the different deposits, with 
T91 suffering a higher damage from deposit D8, while 
347HFG showed higher damage for deposit D6.

The SEM/EDS data showed that different morphol
ogy for both the metal and scale/deposit. In fact, 347HFG 
showed internal damage attack, as intergranular corro
sion, with a bigger penetration observed for deposit D1 
samples. This was related to the lower chlorine level of 
deposit D1 in respect to D6 and D8. Deposit D1 is also 
composed by K, Na and Ca sulphate, which could have 
facilitated the Cl penetration through a multi-cations 
process. The pitting damage found 347-D6 was related 
to the higher Cl content in the deposit mixture, which is 
responsible of the surface lost. SEM/EDS data also con
firm higher aggressivity of D6 and D8 deposits, that 
should be caused by the higher Cl content of the deposit, 
which could lead to a higher molten fraction.

T91 samples showed no signs of internal attack (for 
deposit D1), but it showed a more porous scale, that 
was always detached from the metals’ surface, signs of 
internal attack were reported for deposits D6 and D8, 
which contain higher Cl levels.
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