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Executive summary
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studied carbides and fission products have been detected at the tested conditions.
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1 Introduction

One of the very important tasks in the understanding of the possible behaviour of SiC
and ZrC is studying the interaction between fission products and these carbides. Cs
and Ag are among the fission products which may well come in contact with carbide
layer. The interaction may result in the formation of new phases which may have a
negative effect on the stability of the carbide layer. And thus its leaching behaviour.
Knowledge of the carbide-FP system is therefore of utmost importance. Mixture of
carbides and suitable Ag/Cs compounds have been heated and subsequently
checked for their phase composition by X-ray diffraction (XRD). HT XRD has been
employed to register possible phase transitions.

Relevant mixtures (depending on the outcome of this experimental work) will be then
subjected to a leaching test in order to assess the effect of additional phase formation
on the behaviour of the carbides.
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2 Experimental part

2.1. Raw materials

This study has been done using the same commercial available chemical powders of
SiC and ZrC as in the leaching studied as described in the deliverable D-BF3.2.

The used carbide powders have the following specifications:

» Beta-SiC: Alfa-Aesar, 99.8% (metals basis),

Aspec. = 12.91 m%gram
» ZrC: Alfa-Aesar, 99.5% (metals basis excluding Hf), Hf < 200 ppm,

Aspec. = 0.43 m?/gram
The used nitrates to introduce the studied fission products have the following
specifications:

» AgNOj: Alfa Aesar, 99.8% (metal basis), melting temperature 212 °C
» CsNOg: Alfa Aesar, 99.8% (metal basis), melting temperature 414 °C

All used raw materials have been checked by X- ray diffraction measurements, results
of these analyses are depicted at following figures. Figures 2-1 to 2-4 show that all

used powders are crystalline pure.
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Figure 2-1  XRD analysis of SiC ; in red pattern of SiC, beta
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Figure 2-2  XRD analysis of ZrC ; in rose pattern of ZrC
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Figure 2-3  XRD analysis of AgNQOg, in red pattern of AQNO3
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Figure 2-4  XRD analysis of CSNOg, in light blue pattern of CsNO3
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2.2. Mixtures preparations

Suitable mixtures of studied carbide and nitrate have been prepared as described in
the figure 2-5. A solution of nitrate was drop onto carbide, stirred, ultrasonically treated
and vaporization of water took place. Such prepared samples have been again
analyzed by XRD.

FPMNO,
solution

SIC or ZrC

Lltrasonic bath
+

stirring

Yaporzation

HT xRD
analysis

Figure 2-5 Flowchart of the mixture preparation

All prepared mixtures have been measured by XRD to check their right compositions.
Figures 2-6 to 2-9 show the prepared mixtures.
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Figure 2-6  XRD measurement of the mixture SIC+AgNO3
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Figure 2-7  XRD measurement of the mixture ZrC+AgNO3
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Figure 2-8 XRD measurement of the mixture SiC+CsNO;
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Figure 2-9 XRD measurement of the mixture ZrC+CsNO3
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2.3. XRD measurements

All X-ray measurements have been performed by using Bruker AXS D8 ADVANCE X-
ray diffractometer for powder diffraction analysis. Measurements have been performed
at two different atmospheres — in the air and in the inert atmosphere (N). This would
give information about influence of the different conditions on the possible occurring
reaction.

2.3.1 XRD measurements at room temperature

All performed analyses were realised in the range of 10-100 20, locked coupled, with
increment of 0.05, in the air.

These measurements have been realized to check raw materials and the prepared
mixtures.

2.3.2 XRD measurements at high temperatures

All HT performed analyses were realised in the range of 10-100 20, locked coupled,
with increment of 0.05, in the air or in the inert atmosphere.

RAPHAEL (ReActor for Process heat, Hydrogen And ELectricity generation)

Page 12/31



D-BF3.12.doc

The HT XRD analyses to study influence of Ag on the carbides have been done
according to the following schedule:

Table 2-1  Temperature schedule for XRD measurements - Ag

Heating rate | Temperature | Time at this | XRD analyses
(°C/min) (°C) temperature
(hours)
- 25 0 yes
2 200 0 no
- 200 1 yes
2 205 0 no
- 205 1 yes
- 205 17 yes
2 250 0 no
- 250 1 yes
2 500 0 no
- 500 1 yes
2 600 0 no
- 600 1 yes
2 700 0 no
- 700 1 yes
2 800 0 no
- 800 1 yes
2 900 0 no
- 900 1 yes
2 1000 0 no
- 1000 1 yes
2 1100 0 no
- 1100 1 yes
2 500 0 no
- 500 1 yes
2 25 0 no
- 25 1 yes

The schedule has been adjusted to the melting temperature of AQNO3 (212 °C).
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The HT XRD analyses to study influence of Cs on the carbides have been done
according to the following schedule — this schedule has been adjusted to the melting
temperature of CsNOg3 (414 °C).

Table 2-2  Temperature schedule for XRD measurements - Cs

Heating rate | Temperature | Time at this | XRD analyses
(°C/min) (°C) temperature
(hours)
- 25 0 yes
2 200 0 no
- 200 1 yes
2 380 0 no
- 380 1 yes
- 400 17 yes
2 450 0 no
- 450 1 yes
2 500 0 no
- 500 1 yes
2 700 0 no
- 700 1 yes
2 900 0 no
- 900 1 yes
2 1000 0 no
- 1000 1 yes
2 1100 0 no
- 1100 1 yes
2 500 0 no
- 500 1 yes
2 25 0 no
- 25 1 yes

RAPHAEL (ReActor for Process heat, Hydrogen And ELectricity generation)
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3 Results and discussions — measurements in the
air

3.1 SIiC with Ag

Mixture has been prepared and HT XRD measurements have been done as
mentioned in table 2-1. First, a measurement at room temperature has been done to
check the preparation procedure. Figure 3-1 shows that the prepared mixture contains
SiC and AgNOg, with a negligible amount of Ag. Between temperatures 100 — 200 C,
most of the silver nitrate transforms into AgQNO, and Ag. Between temperatures 205 -
205 C, AgNO ; disappears and fully transforms into AQNO, and Ag. After being during
7 hours at the temperature of 205C, all AQNO ; is fully transformed into silver. There
are no changes concerning SiC and no new crystalline phase originating from possible
interactions between SiC and Ag.

RAPHAEL (ReActor for Process heat, Hydrogen And ELectricity generation)
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Figure 3-1 HT XRD analysis of SiC + Ag
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3.2 ZrC with Ag

The HT XRD analyses have been done as listed in table 2-1.

Silver nitrate is fully transformed into Ag at the temperature of 300 C, there are no
significant changes at the ZrC structure. At the temperature of about 600 C, ZrC
begun to oxidise to ZrO,. At the temperature of about 700 C, there is no crystalline
ZrC present anymore, it is fully transformed into ZrO,. There are no changes
concerning silver. No new crystalline phase originating from possible interactions
between ZrC and Ag has been detected.
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3.3 SiC with Cs

Mixture has been prepared and HT XRD measurements have been done as
mentioned in table 2-2. First measurement at room temperature has been done to
check the preparation procedure. In the following figure, it can be seen that the
prepared mixture contains SiC and CsNOs.

During the HT measurement no new phases originated from reaction between SiC
and CsNO3; have been found. Around the melting temperature of CsNO3 (400 °C) and
being held at this temperature 17 hours, this compound melts and disappears. At the
temperature of 900 °C first present traces of some new compound appeared. With
higher temperatures and during cooling down these peaks became higher and
sharper, i.e. the amount of this compound present in the studied system increased.
This peak could be identified as a peak of SiO,, but it is very difficult to identify a
compound based only on one peak. This peak does not correspond to any other
known compound from the system Si-C-Cs-O-N.
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Figure 3-3 HT XRD analysis of SiC + Cs - Detail
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I/JFile: SiC + Cs HT measurement [004].raw - Type: 2Th/Th locked - St File: SiC + Cs HT measurement [012].raw - Type: 2Th/Th locked - St

WUFile: Sic + Cs HT measurement [005].raw - Type: 2Th/Th locked - St [™]01-073-1665 (C) - Moissanite 3C, syn - beta-SiC - Cubic - a 4.34900
@File: SiC + Cs HT measurement [006].raw - Type: 2Th/Th locked - St |z’00-009-0403 (I) - Cesium Nitrate - CsSNO3 - Hexagonal - a 11.13684
File: SiC + Cs HT measurement [007].raw - Type: 2Th/Th locked - St
WFile: SiC + Cs HT measurement [008].raw - Type: 2Th/Th locked - St

Figure 3-4 HT XRD analysis of SiC + Cs
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3.4 ZrC with Cs

Mixture has been prepared and HT XRD measurements have been done as
mentioned in table 2-2. First measurement at room temperature has been done to
check the preparation procedure. In the following figure, it can be seen that the
prepared mixture contains ZrC and CsNOs.

During the HT measurement no new phases originated from reaction between ZrC
and CsNOj3 have been found. Around the melting temperature of CsNO3z (400 °C) and
being held at this temperature 17 hours this compound melts and disappears. At the
temperature of 500 °C ZrC is fully transformed into ZrO, — mixture of different phases
(cubic, monoclinic, orthorhombic).
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w0 3 . i
E 500 °C
RV IVEUOVIG IRV Y. 8 S ¢ sl i
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2-Theta - Scale

File: ZrC+Cs - HT measurement [006].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :  [#]00-037-1484 (*) - Baddeleyite, syn - ZrO2 - Monoclinic - a 5.31290 - b 5.21250 - ¢ 5.14710 - alpha 90.00
BAJFile: ZrC+Cs - HT measurement [007].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :  [©]00-034-1084 (1) - Zirconium Oxide - ZrO2 - Orthorhombic - a 5.01600 - b 5.01600 - ¢ 5.23000 - alpha 90.
AJFile: ZrC+Cs - HT measurement [008].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :
RAJFile: ZrC+Cs - HT measurement [009].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :
File: ZrC+Cs - HT measurement [010].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :
BJFile: ZrC+Cs - HT measurement [011].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :
AJFile: ZrC+Cs - HT measurement [012].raw - Type: 2Th/Th locked - Start: 15.000 °- End: 80.000 °- Step :
E‘OO-MQ-lGAZ (I - Zirconium Oxide - ZrO2 - Cubic - a 5.12800 - b 5.12800 - ¢ 5.12800 - aloha 90.000 - be

Figure 3-5 HT XRD analysis of ZrC + Cs - Detall
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KFile: Zrc+Cs - HT measurement [001].raw - [WFile: Zrc+Cs - HT measurement [009].raw - [X]00-034-1084 (1) - Zirconium Oxide - ZrO2 -
WFile: ZrC+Cs - HT measurement [002].raw - [\\/File: Zrc+Cs - HT measurement [010].raw -

@File: ZrC+Cs - HT measurement [003].raw - File: ZrC+Cs - HT measurement [011].raw -

File: ZrC+Cs - HT measurement [004].raw - File: ZrC+Cs - HT measurement [011].raw -

L\JFile: ZrC+Cs - HT measurement [005].raw - |Z|00-035-0784 (*) - Zirconium Carbide - ZrC -

KFile: Zrc+Cs - HT measurement [006].raw - [®]00-009-0403 (1) - Cesium Nitrate - CsNO3 -

RAFile: Zrc+Cs - HT measurement [007].raw - |=00-049-1642 () - Zirconium Oxide - ZrO2 -

L\JFile: ZrC+Cs - HT measurement [008].raw - [11]00-037-1484 (*) - Baddeleyite, syn - ZrO2 -

Figure 3-6 HT XRD analysis of ZrC + Cs
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4 Results and discussions — measurements in the
inert atmospheres

4.1 ZrC with Ag

The HT XRD analyses have been done according to the schedule mentioned in table
2-1, nitrogen served as the inert atmosphere.

Silver nitrate is fully transformed into Ag at the temperature of 300 C, there are no
significant changes at the ZrC structure. At the temperature of about 600 C, ZrC
begun to oxidise to ZrO,. At about 700 T, there is no crystalline ZrC anym ore
present, it is fully transformed into ZrO,. There are no changes concerning silver.
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2-Theta - Scale

File: 2ZrC+Ag before measurments.raw - Temp.: 30 T - Start: 20.000 °- End: 80.000 °- Step: 0.050 °- Step time: 1. s

WY [008] - File: ZrC+Ag HT measurement [008].raw - Temp.: 30 C - Start: 20.000 °- End: 80.000 °- Step : 0.050 °- Step time: 2. s

[Wo0-035-0784 (*) - Zirconium Carbide - ZrC - Cubic - a 4.69300 - b 4.69300 - ¢ 4.69300 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225)
[#]o0-050-1089 (*) - Zirconium Oxide - ZrO2 - Tetragonal - a 3.59840 - b 3.59840 - ¢ 5.15200 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P42/nmc (137)
@00-004-0783 (1) - Silver-3C, syn - Ag - Cubic - a 4.08620 - b 4.08620 - ¢ 4.08620 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225)

Figure 4-1 HT XRD analysis of ZrC + Ag
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mFile: ZrC+Ag before measurments.raw - Temp.: 30 T - Start: 20.00 [008] - File: ZrC+Ag HT measurement [008].raw - Temp.: 30 T - St
0 [001] - File: ZrC+Ag HT measurement [001].raw - Temp.: 200 T - S @00-035»0784 (*) - Zirconium Carbide - ZrC - Cubic - a 4.69300 - b 4.
m [002] - File: ZrC+Ag HT measurement [002].raw - Temp.: 205 T - S [#]00-050-1089 (*) - Zirconium Oxide - ZrO2 - Tetragonal - a 3.59840 -
[003] - File: ZrC+Ag HT measurement [003].raw - Temp.: 350 T - S [®]00-004-0783 (1) - Silver-3C, syn - Ag - Cubic - a 4.08620 - b 4.08620
[004] - File: ZrC+Ag HT measurement [004].raw - Temp.: 500 T - S
WA [005] - File: ZrC+Ag HT measurement [005].raw - Temp.: 700 T - S
[006] - File: ZrC+Ag HT measurement [006].raw - Temp.: 900 T - S
WA [007] - File: ZrC+Ag HT measurement [007].raw - Temp.: 1100 T -

Figure 4-2 HT XRD analysis of ZrC + Ag
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4.2 SiC with Cs

Mixture has been prepared and HT XRD measurements have been done as
mentioned in table 2-2, nitrogen served as the inert atmosphere.

First measurement at room temperature has been done to check the preparation
procedure. In the following figure, it can be seen that the prepared mixture contains
SiC and CsNOs.

During the HT measurement no new phases originated from reaction between SiC
and CsNOj3 have been found. Around the melting temperature of CsNO3 (400 °C) and
being held at this temperature 17 hours this compound melts and disappears. At the
temperature of 500 °C a new peak appeared, this peak could correspond to SiO,, but
as mentioned already above, it is impossible to identify a compound based on one
peak only. This peak does not correspond to any other known compound from the
system Si-C-Cs-O-N.
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File: SC+Cs HT messurement innitrogen | [002].raw - Type: 2T Thlodked - Sart: 20000 *- Endt 80.0
File: SC+Cs HT messurement innitrogen | [008].raw - Type: 2T Thladked - Sart: 20000 - Endt 800

WFle: SC+Cs HI neasureent innitrogen | [004].raw- Type: ZThThlodked - Sart: 20000 °- Ent 80.0

WUFle: SC+Cs HI neasurerent innitrogen | [005].raw- Type: ZThThlodked - Sart: 20000 °- Enct 80.0

[VFile: SC+Cs HI messtrerent innitrogen | {006} raw- Type: 2T Thlocked - Sart: 20000 Ertt 800

Hle SC+Cs HI neasureent innitrogen | [007].raw - Type: ZThThlodked - Sart: 20000 - Ent 80.0

[File: RTrvees renvert after heatinninritmnen | raw- Ture: ST Thiorker - Qat 2000 Fiet 80 M

Figure 4-3 HT XRD analysis of SiC + Cs
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4.3 ZrC with Cs

Mixture has been prepared and HT XRD measurements have been done as
mentioned in table 2-2, nitrogen served as the inert atmosphere.

During the HT measurements no new phases came out from the reaction between
ZrC and CsNOg;. At the temperature of about 900 °C ZrC started to oxidize and
transformed into ZrO,, at higher temperatures this transformation is fully completed
and no ZrC is present in the studied system.
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[006] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [006].raw - Type: 2Th/Th locked - Start: 20.000 °- End: 80.000 °- Step: 0.050 °- Step time: 2. s - Temp.: 900 T - Time Started: 56810 s - 2-T heta: 20.000 °
[007] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [007].raw - Type: 2Th/Th locked - Start: 20.000 °- End: 80.000 °- Step: 0.050 °- Step time: 2. s - Temp.: 1100 T - Time Started: 64992 s - 2- Theta: 20.000
[008] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [008].raw - Type: 2Th/Th locked - Start: 20.000 °- End: 80.000 °- Step: 0.050 °- Step time: 2. s - Temp.: 500 T - Time Started: 75194 s - 2-T heta: 20.000 °
W\l [009] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [009].raw - Type: 2Th/Th locked - Start: 20.000 °- End: 80.000 °- Step: 0.050 °- Step time: 2. s - Temp.: 30 C - Time Started: 84115 s - 2-Th eta: 20.000 °-
[X]00-049-1642 (1) - Zirconium Oxide - ZrO2 - Y: 50.00 % - d x by: 1. - WL: 15406 - Cubic - a 5.12800 - b 5.12800 - ¢ 5.12800 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 - 134.848 -
[4)00-037-1484 (*) - Baddeleyite, syn - ZrO2 - Y: 20.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.31290 - b 5.21250 - ¢ 5.14710 - alpha 90.000 - beta 99.218 - gamma 90.000 - Primitive - P21/a (14) - 4 - 140.700 - I/ic

Figure 4-4 HT XRD analysis of ZrC + Cs - Detail
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mFile: ZrC+Cs - RT measurement in nitrogen 2-10-08.raw - Type: 2Th [008] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [008].ra
0] [001] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [001].ra m [009] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [009].ra
m [002] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [002].ra [®]00-035-0784 (*) - Zirconium Carbide - ZrC - Y: 10.00 % - d x by: 1. -
[003] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [003].ra 00-009-0403 (1) - Cesium Nitrate - CSNO3 - Y: 0.59 % - d x by: 1. -

[004] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [004].ra |Z|00-049-1642 (1) - Zirconium Oxide - ZrO2 - Y: 50.00 % - d x by: 1. -

W [005] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [005].ra ["00-037-1484 (*) - Baddeleyite, syn - ZrO2 - Y: 20.00 % - d x by: 1. -
[006] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [006].ra

W) [007] - File: ZrC+Cs - HT measurement in nitrogen 2-10-08 [007].ra

Figure 4-5 HT XRD analysis of ZrC + Cs
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5 Conclusions

A study of the interaction between fission products and SiC and ZrC has been
performed. Cs and Ag were among the fission products which may well come in
contact with carbide layer. The interaction may result in the formation of new phases
which may have a negative effect on the stability of the carbide layer.

Mixtures of carbides and suitable Ag/Cs compounds have been prepared. These
mixtures have been heated and subsequently checked for their phase composition by
X-ray diffraction (XRD). HT XRD has been employed to register possible phase
transitions. Measurements have been done in the air and in the inert atmosphere to
compare influence of the atmosphere on the behaviour of the studied systems.

No new known crystalline phases (i.e. to be identified by XRD) coming out from the
possible interactions between carbides and fission products have been found.
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