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1 Introduction

This appendix must be read in conjunction with chapters 2, 5, 6, 7, and 8. Charts of
temperature profiling and furnace heating and cooling are given. Details of weight

change calculations as well as XRD and EDX charts are also included.

2 Temperature Profiling
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Figure 2.1 Temperature profile of the furnace at 650, 750, and 850°C.

3 Furnace Heating and Cooling
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Figure 3.1 Heating to 650°C.
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Figure 3.4 Cooling from 650°C.
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Figure 3.5 Cooling from 750°C.
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Figure 3.6 Cooling from 850°C.
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4. Alloy HP

4.1 Weight Change Measurements

Table 4.1  Weight change (mg/cm’) of the alloy after the exposure at different
temperatures for different periods of time.

Time, h T,°C Wietore € Wageers € A, cm’ AW/A, mg/em’
100 650 15.4284 15.4265 12.4283 -0.1529
500 650 15.6406 15.6020 12.4804 -3.0928
1000 650 16.0254 16.0293 12.4947 0.3081
100 750 15.1298 15.1422 12.2436 1.0128
500 750 15.3179 15.2813 12.3781 -2.9568
1000 750 14.1875 14.1888 11.8917 0.1093
100 850 15.1775 15.1813 12.2612 0.3099
500 850 14.0866 14.0975 12.0000 0.9083
1000 850 14.3302 14.3272 12.1547 -0.2468
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4.2 X ray Diffraction Results

4.2.1 HP after 100h at 650°C
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4.2.2 Deposit removed from HP after 100h at 650°C
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4.2.3 HP after 500h at 650°C
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4.2.4 Deposit removed from HP after 500h at 650°C
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4.2.5 HP after 1000h at 650°C

Counts
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4.2.6 Deposit removed from HP after 1000h at 650°C
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4.2.7 HP after 100h at 750°C
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4.2.8 Deposit removed from HP after 100h at 750°C
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4.2.9 HP after 500h at 750°C
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4.2.10 Deposit removed from HP after 500h at 750°C
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4.2.11 HP after 1000h at 750°C
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4.2.12 Deposit removed from HP after 1000h at 750°C
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4.2.13 HP after 100h at 850°C
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4.2.14 HP after 500h at 850°C
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4.2.15 HP after 1000h at 850°C
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4.3 SEM/EDX Deposits Analysis

4.3.1 Deposit collected from HP after 100h at 650°C
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4.3.2 Deposit collected from HP after 500h at 650°C
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4.3.3 Deposit collected from HP after 1000h at 650°C
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4.3.4 Deposit collected from HP after 100h at 750°C
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4.3.5 Deposit collected from HP after 500h at 750°C
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4.3.6 Deposit collected from HP after 1000h at 750°C
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4.4 Surface Analyses

4.4.1 HP Tested at 650°C for 100h
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442

HP Tested at 650°C for 500h
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443

HP Tested at 650°C for 1000h
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4.4.4 HP Tested at 750°C for 100h
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445 HP Tested at 750°C for 500h
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4.4.6 HP Tested at 750°C for 1000h
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4.4.7 HP Tested at 850°C for 100h
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448 HP Tested at 850°C for 500h
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4.4.9 HP Tested at 850°C for 1000h
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4.5 Metallographic Examination

45.1 HP Tested at 650°C for 100h
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45.2 HP Tested at 650°C for 500h
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45.3 HP Tested at 650°C for 1000h
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45.4 HP Tested at 750°C for 100h
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455 HP Tested at 750°C for 500h
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456 HP Tested at 850°C for 100h
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457 HP Tested at 850°C for 500h
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458 HP Tested at 850°C for 1000h
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5

5.1

Alloy 35Cr-45Ni

Weight Change Measurements

Table 5.1  Weight change (mg/cm?) of the alloy after the exposure at different
temperatures for different periods of time.

Time, h T,°C Whetores € Watters € A, cm’ AW/A, mg/cm2
100 650 15.1612 15.1625 12.2618 0.1060
500 650 15.2934 15.2831 12.3573 -0.8335
1000 650 15.6656 15.6700 12.4176 0.3519
100 750 15.1753 15.1807 12.2950 0.4392
500 750 15.7309 15.7374 12.5228 0.5191
1000 750 16.0499 16.0523 12.5826 0.1907
100 850 15.0914 15.0960 12.2959 0.3741
500 850 15.5593 15.6401 12.4504 0.3855
1000 850 16.3412 14.3430 12.6177 0.1427
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5.2 X ray Diffraction Results

5.2.1 35Cr-45Ni after 100h at 650°C
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5.2.2 Deposit removed from 35Cr-45Ni after 100h at 650°C
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5.2.3 35Cr-45Ni after 500h at 650°C
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5.2.4 Deposit removed from 35Cr-45Ni after 500h at 650°C
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5.2.5 35Cr-45Ni after 1000h at 650°C
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5.2.6 Deposit removed from 35Cr-45Ni after 1000h at 650°C
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5.2.7 35Cr-45Ni after 100h at 750°C
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5.2.8 Deposit removed from 35Cr-45Ni after 100h at 750°C
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5.2.9 35Cr-45Ni after 500h at 750°C
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5.2.10 35Cr-45Ni after 1000h at 750°C
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5.2.11 Deposit removed from 35Cr-45Ni after 1000h at 750°C
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5.2.12 35Cr-45Ni after 100h at 850°C
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5.2.13 35Cr-45Ni after 500h at 850°C
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5.2.14 35Cr-45Ni after 1000h at 850°C
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53 SEM/EDX Deposits Analysis

5.3.1 35Cr-45Ni after 100h at 650°C

a1
=i
[
O
i
T T T T T T
o 1 2 3 4 a 6 7 10
Full Scale 8771 cts ket
A2
st
S
(e}
cr ) q
R cl cr
T T T T T T T T T T T T T T
o 1 2 3 4 El ] 7 10
Full Scale 8771 cts ket
A3
Si
c
(e}
cr
r
T T T T T T T T T T
o 1 2 3 4 El ] 7 10
Full Scale 8771 cts ket

Page 91 of 180



5.3.2

35Cr-45Ni after 500h at 650°C
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5.3.3 35Cr-45Ni after 100h at 750°C
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5.3.4 35Cr-45Ni after 1000h at 750°C
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5.4 Surface Analyses

4.1.1 35Cr-45Ni after 100h at 650°C
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4.1.1 35Cr-45Ni after 500h at 650°C
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4.1.1 35Cr-45Ni after 1000h at 650°C

A1
Si
C
o
of| o
cl
hio
Mo o
T T T T T T T T T T T T T T T T
o 1 2 3 4 El ] 10
Full Scale 3495 cts ket
o a2
=4
Hn si
< cr
Cr
hin
i hin Mi
T T T T T T T T
o 1 2 3 4 a 6 10
Full Scale 3435 cts ket
A3
T
10
ke

Full Scale 9495 cts

Page 98 of 180



A1

Full Scale 5891 cts

ket]

Page 99 of 180




4.1.1 35Cr-45Ni after 100h at 750°C
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4.1.1 35Cr-45Ni after 500h at 750°C
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4.1.1 35Cr-45Ni after 1000h at 750°C
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4.1.1 35Cr-45Ni after 100h at 850°C
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4.1.1 35Cr-45Ni after 500h at 850°C

Al
21
o]
Cr
]
Fe
Si
L o hin
r
Ca cr
[}
Hi Ca Ca Fe Hi
T T T T T T T T T T
1 1 2 4 5 [ 10
Full Scale 17593 ct= ket
A2
A2
o]
Cr
]
Si M
Cr
Cr
ﬁj L\Ni e i
T T T T T T T T T T T T
o 1 2 3 4 5 G 10
Full Scale 17593 cts ket]

Page 104 of 180



A1

T T T
a 1
Full Scale 4676 cis

ket

Page 105 of 180




5.4.9 35Cr-45Ni after 1000h at 850°C
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5.5

4.1.1 35Cr-45Ni after 100h at 650°C

Metallographic Examination
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4.1.1 35Cr-45Ni after 500h at 650°C
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4.1.1 5Cr-45Ni after 1000h at 650°C
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4.1.1 35Cr-45Ni after 100h at 750°C
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4.1.1 35Cr-45Ni after 500h at 750°C
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4.1.1 35Cr-45Ni after 1000h at 750°C
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4.1.1 35Cr-45Ni after 100h at 850°C
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4.1.1 35Cr-45Ni after 500h at 850°C
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5.5.9 35Cr-45Ni after 500h at 850°C
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6

6.1

Alloy UCX

Weight Change Measurements

Table 6.1  Weight change (mg/cm?) of the alloy after the exposure at different

temperatures for different periods of time.

Time, h T,°C Whetores € Watters € A, cm’ AW/A, mg/cm2
100 650 15.3172 15.3193 12.3804 0.1696
500 650 15.2910 15.2973 12.4222 0.5072
1000 650 15.7506 15.7562 12.4208 0.4541
100 750 15.9727 15.9782 12.6207 0.4358
500 750 14.9900 15.0062 12.2311 1.3245
1000 750 15.8989 15.9053 12.5391 0.5104
100 850 15.1684 15.1717 12.3270 0.2677
500 850 15.6837 15.6885 12.4420 0.3818
1000 850 15.5127 15.5025 12.3982 -0.8227
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6.2 X ray Diffraction Results

6.2.1 UCX after 100h at 650°C
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6.2.2 UCX after 500h at 650°C
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6.2.3 Deposit removed from UCX after 500h at 650°C
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6.2.4 UCX after 1000h at 650°C

Counts

2000

1000

LCxkalloy-mMDO7

Cr5.58Fe7 4306
Cr15.58Fer42C6

FCC

FCC

Cr15.58Fer 42C6

Cr3.15i0.4

FCC

Cr3.15i0.9

20

30

40 50 60 70
Fosition [*2Theta]

80

Peak List

03-065-5108

FCC

01-078-1502

Cr15.58Fe7 42C6

Cra.15i0.9

20

30

40 50 60 70
Fosition [*2Theta]

80

Page 133 of 180




6.2.5 UCX after 100h at 750°C
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6.2.6 UCX after 500h at 750°C
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6.2.7 UCX after 1000h at 750°C
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6.2.8 UCX after 100h at 850°C

Counts
UCHalloy-mD3 -
FCC
4000
2000
FCC
Cr21 .34Fj1\ BBCE
0

20 30 40 50 50 70 g0
Pasition ["2Theta]

Feak List

0=-085-5108

FCC

01-078-1500

Cr21.24Fe1.68CE

] Fe

T

20 30 40 a0 g0 70 an
Position [*2Theta]

Page 137 of 180



6.2.9 UCX after 500h at 850°C
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6.2.10 Deposit removed from UCX after 500h at 850°C
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6.2.11 UCX after 1000h at 850°C
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6.3 SEM/EDX Deposits Analysis

6.3.1 Deposit collected from UCX after 500h at 650°C

21
C
Si
Q
i
Fe £
T T T T T T T T
o 1 2 4 5 [ 7 40
Full Scale 14829 cts lee]
2.7
C
Si
Q
hi

T T T T T T T

0 1 4 a B o 10
Full Scale 14829 cts ket

A
C
Si
o
U\ i

T T T T T T T

0 1 4 El 5 T 10
Full Scale 14529 cts ke

Page 141 of 180



6.3.2 Deposit collected from UCX after 500h at 850°C
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6.4 Surface Analyses

6.4.1 UCX after 100h at 650°C
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6.4.2 UCX after 500h at 650°C
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6.4.3 UCX after 1000h at 650°C
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6.4.4 UCX after 100h at 750°C
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6.4.5 UCX after 500h at 750°C
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6.4.6 UCX after 1000h at 750°C
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6.4.7 UCX after 100h at 850°C
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6.4.8 UCX after 500h at 850°C
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6.4.9 UCX after 1000h at 850°C
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6.5 Metallographic Examination

6.5.1 UCX after 100h at 650°C
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6.5.2 UCX after 500h at 650°C
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6.5.3 UCX after 1000h at 650°C
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6.5.4 UCX after 100h at 750°C

21
i
Fel .. i
T T T
7T g
Full Scale 16177 otz ket
A2
or A2
hn
Si
Cr
¢ )
Ca it
b
Mi Ca ¢ M Mi
I T T T T T T T T T
1 2 3 4 5 5 7T g
Full Scale 16177 otz ket
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6.5.5 UCX after 500h at 750°C

A4

a1
hin
Fe Cr
)
Si
c Cr
Ca W Mn
UU i Ca_Ca Fe Fe Ni N
T T T T T T T T T T T T T T T T
0 1 4 5 =1 T g 9 10
Full Scale 14729 cis ket
A2

hn

s

c i o
Ca
Cr
n
Ca g n
T T T T T T T T T T T T T T
1 2 4 5 =1 7 g 9 10 1
Full Scale 16597 ct= ket
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A3

a7
O b Cr
W
T
10
Full Scale 9015 cts ket]
A4
WO
T
10
Full Scale 9015 cts ket]
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Al

A1
o]
Cr
hdn
T
Cr
Si
C Cr
Ca bn
Ca ca TooTi M
T T T T T T T T T T T T T T T T T T T T T T
p 1 2 3 4 5 [ 7 g 9 10
Full Scale 6723 cis ket
27
C
Ca
o S
Ca
T T T T T T T T T T T T T T T T T T T T T T
p 1 2 3 4 5 [ 7 g 9 10
Full Scale 6723 cts ket
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A3

A3
o]
Cr
hir
Si or
Cr
bn
C
L i b Mi
T T T T T T T T T T T T T T T T
p 1 2 3 5 [ 7 g 9 10
Full Scale 6723 cts ket]
o A4
Cr
]
& i
Ca
. B
T T T T T T T T T
0 ¥ g 9 10
Full Scale 2607 cts ket]
A5
Cr
Cr "
i i
Fe Fe W W W
T T T T T T T T T T T T T
0 3 5 g 7 g 9 10
Ful Scale 5121 cts ket]
A
; T :
9 10
Full Scale 3130 cis ket
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6.5.6 UCX after 1000h at 750°C

21
Si
Cr
o]
Cr
C
Ca
Cr
[ Ca ca
T T T T T T T T T T T T T T T T T
p 1 2 3 4 5 [ 7 g 9 10
Full Scale 3363 cis ket
A2
221
o]
Cr
hdn
i
Cr
c Cr
G Ca Ca o
T T T T T T T T T T T T T T T T T T T T T
p 1 2 3 4 5 [ 7 g 9 10
Full Scale 29976 ct= ket
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A3

Full Scale 11922 cts

I} A3
Cr
hn
X Cr
=i
Lo
2 t
hn
G L ] Ca Ca Mn i
T T T T T T T T T T T T T T T T T
p 1 2 3 4 5 [ g 10
Full Scale 20976 cts ket]
A4
W
T T T T
9 10 1
ket]
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A1

WO
T
10
Full Scale 3083 cts ket
A2
27
& ¢]
Cr
Ca
Ti Mi
A
T T T 1
1 10 1
Full Scale 3234 cts ket
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A3

a7
Cr
e]
Cr
]
Fe
Si
& Cr
Ca
i e Fe
C i
L & Ca Mn Fe ™ i
T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 =1 ¥ g 9 10
Full Scale 12065 cts ket]
A4
=i
o]
Cr
C
Cr
i Mi
Fe L R Fe /™ Hi
T T T T T T . e A : T T . ; T ; 7 T T T T
p 1 2 3 5 [ 7 g 9 10
Full Scale 9241 cts ket]
A5
C
WO
T T T T T
p 9 10
Full Scale 9241 cts ket]
A
i
W Ni
Fe h Wy W
T T T T T T T T
7 g 9 10 1
Full Scale 14334 cis ket
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6.5.7 UCX after 100h at 850°C

a A1
a
i
Cr
5 Cr
Mi
Fey
U Ca Ca Cro Fe Fe Ni
T T T T T T T T T T T T T T T T
1 1 2 3 4 5 [ 7 g 10
Full Scale 18739 ct= ket
27
o]
Cr
Si
K
C
Ca
i
&l cr
Fei |ha K o Hi
K ca Cr o Fe Fe M i
T T T T T T T T T T T T T T T T T
1 1 2 3 4 5 [ 7 g 10
Full Scale 15739 cts ket]
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P3

1 P3
o]
Cr
i
Cr
Fe < Fe i
T T T T T T T T T T T T T T T T T
1 1 2 3 4 5 [ 10
Full Scale 15739 cts ket]
A4
24
Ca
o]
Cr G
i Al om Ca Ca Cr Cr Mi
T T T T T T T T T T T T T T T T
1 1 2 3 4 5 [ 10
Full Scale 163635 ct= ket
AS
i
W W w
T :
10
Full Scale 11470 ct= ket
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6.5.8 UCX after 500h at 850°C

Al

C
Ca Ma Mn
Ma T T Ca Ca Cr Cr

(ul 1 2 3 4 a3 5] T g 9 10
Full Scale 19150 cts ket
A2
n A2
s
=i
T
Cr
Cr
C hn
cal | i Ca ca T Mn Ni
T T T T T T T T T T T T T
0 1 2 3 4 5 =1 T g 9 10
Full Scale 19150 ct= ket

Page 178 of 180



A3

W
T T T
9 10
Full Scale 9854 cts ket]
WO
T T T
9 10
Full Scale 9854 cts ket]
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6.5.9 UCX after 1000h at 850°C

re
n A1
o
=i
c cr
ca hin
Hi Ca ¢a 1 Hi hi

I T T T T T T T T T T

o 1 2 3 4 Bl ] 7 g g 10
Full Scale 12378 cts ke
A2

W

T T

] 10
Full Scale 12378 cts ke
A3

W

T T

] 10
Full Scale 12378 cts ket
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