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F Initial Entry - SN 840 

- Project Identification: 20.06002.01.342 k --- 
Scientific notebook 840 is a continuation of SN 790, which is concerned with the interaction between 

I-- magma and waste package materials'. 
I 

The main objective relevant to this notebook is the evaluation of the corrosion and mechanical 
degradation of alloy C-22 when subjected to high temperatures and molten rock material. The approach for 
monitoring these effects involves exposing the alloy in differing machmed forms to magma for specific lengths of 

L -. time within a high temperature oven. The samples are then analyzed with varying methods of microscopy in orde~ 
to understand the extent of oxidation and degradation. 

--- - 

Further information is documented in the following entries of this notebook along with the equipment ---- 
used, procedures followed and data collected. 

I 
7- 

Individuals involved: 

Kenneth Chiang (frr m ~ r 9  4. iAc r) 
Mark Silver @s- 

' Chiang, K.T., et al. CNWRA SN 790. San Antonio: CNWRA, 2006. 























- 
- Depth of Oxygen Attack m Coupons 

.- . - 

Task assigned to: Mark Silver 
Maximum Depth Measurement of Oxygen Attack: 

...... 

Background: +-- - - 
Sample Measured Depth 

- 
. . . . .  . . One observation relevant to the degree of oxidation and corrosion of an alloy is how deep into the alloy 

- 
- ..... . . .  

that oxygen gas can penetrate. The depth of oxygen penetration, or attack, can be measured from magnified . . 

images of an alloy cross section. ... 
.... - - - - -. - ... 

- Objective: Measure and record the depth of oxygen attack in coupons of Alloy C-22 after being exposed to high 
-- - 

temperatures. - 
+ Additional equipmenthlaterials: 

- . Polished epoxy mounts of samples OX 1 -OX8 
7 . . Olyrnpus PMG3 reflecting light microscope 

sn: 119835 
.... ... 

- . . . . . .  - Sony DFW-SX900 Photographic equipment 
Clemex Vision PE 3.5 imaging software 

. - -. .- .. -. 

-. - -- ... Use the reflecting light microscope and associated imaging hardwarelsoftware to measure the distance 
from the edge of each coupon to the furthest interior oxygen bubble of that coupon. This distance is the maximum 
depth of oxygen attack for that sample. 

. -- ..... ...... -- - . .- - 

. - . -. - . 

- 
-- 

....... 

- .... 

- ... . . . . . . . . .  
.....-.-.- ..... . . . . . .  

........... - ................... .... .- .-. ......... 

. . . . . . . . . . . . . . .  











Summary of Physical Results from Thermal Aging 

Sample # Surface Initial Mass Final (mg) 
Area (cm2) (mg) Mass of Specimen Mass of Spall Total Mass 

OX 1 4.443 2359 2329 0 2329 
OX 2 4.497 2326 2362 0 2362 
OX 3 4.504 2262 643 1939 2582 
OX 4 4.52 2398 2689 7 2696 
OX 5 4.278 2242 2247 0 2247 
OX 6 4.365 21 58 2161 0 2161 
OX 7 4.405 2257 2232 38 2270 
OX 8 4.491 2372 2294 105 2399 

/ 
Procedure: 

J -f-- I .  Preparation: 

+- Interaction Between an Alloy Crucible and Contained Magma 

Task assigned to: Mark Silver 

Objective: Monitor the extent of oxidation and corrosion of alloy C-22 in crucible form when molten rock is heated 

Additional equipmentlmaterials: 

Hastelloy C-22 crucible (sample MC-1) 
Heat # : 2277-5-3299 
Major element composition: 58% Ni, 22% Cr, 13% Mo, 4% Fe, 3% W (estimated by mass) 
Machmed to a length of 1.5", diameter of 1 ", with a 1.0" deep bore down the center of the length 
with a diameter of 0.75" 

Lathrop Wells 1" basalt core (sample LW4-3A) . Zeiss Sterni SV11 stereo microscope 

The alloy crucible is cleaned in the ultrasonic cleaner and with acetone. Sample LW4-3A is broken into 
smaller fragments and the crucible is almost completely filled with the fragments. 

2. Heating: 

'.. 
The crucible is incrementally heated in the furnace until the melting point of the basalt fragments is 

reached. Once the magma is generated, it is then further heated to some specified temperature. 

i ~ 3. Crucible analysis: 

7- Images are taken with photographic equipment attached to the stereo microscope documenting the 

A'/ / - appearance of all surfaces of the remaining crucible. What solid portion of the crucible remains is then cut in half 
with the precision wet cut-off saw perpendicular to the length. A cross section IS then cut through the length of one 
half of the crucible and mounted m epoxy for further analysis. 













Repeat Experiment (Heat Induced Oxidation & Coating Tests) 

Task Assigned to: Matthew J. Panariello 

Objective: To further analyze the extent of oxidation and corrosion of Alloy C-22 when coated with slurry 
and exposed to high temperatures. 

Equipmenth4aterials: 
Hastelloy C-22 coupons 

HT#: 2277-3-3266 
Major element composition: 58% Ni, 22% Cr, 13% Mo, 4% Fe, 3% W 
Machined dimensions (approx.): 1.25cm x 1.44cm x .15cm, .16cm diameter hole .33cm 
below center of width 

Alumina crucibles, 1" diameter (6) 
50 mL glass beakers (2) 
Acetone 
Isopropyl Alcohol 
Yucca Mountain rock sample 
Distilled Water 
Platinum wire 
Fisher twist-tie sample bags 
Steel tongs 
Tweezers 
Heat resistant safety gloves 
Safety glasses 
Fisher Scientific FS 14 Ultrasonic Cleaner 
Cold epoxy mounting kit 
120,240,320,600 grit adhesive backed 8" diameter abrasive discs 
Buehler Ecomet 3 variable speed grhder/polisher 

120 volt 
490 Max RPM 
Cat #: 60- 1960- 160 
sn: 462-A3P-0208 

Buehler Isomet Plus precision wet cut-off saw 
1 15 volt 
4500 Max RPM 
Cat #: 1 1280-1 60 
sn: 452-I5P-835 

CM Inc. Rapid Temp. Furnace 
Max temp: 1700'C 
sn: 029786 
Model #: 98002-24 

Lindberg Oven 
Max temp: 1200°C 
sn: 909 1 72 
Model #: 5 1333 

Starrett Electronic Digital Caliper 
Model #: 72 1 
sn: 03031512 
Calibration due: Mar 1, 08 

Sartorius Genius Scale (Analytical Balance) 
Mass range: .00001g to 200g 
sn: 12809099 
Calibration due: Nov 1 l , 07  

Corning Stirrermotplate 

Identified Sources of Error: 
Mass lost fiom spalling during heating 
Any difference in chemical or physical composition of different samples 
Any impurities that may have been encountered by the samples between heating and storing 

Procedure: 

1. Preparation of Alloy C-22 coupons: 

The cut and polished specimen are removed from their Fisher Scientific storage bags and weighed 
on the Sartorius analytical balance. Then, using the digital calipers, the length, width, and thickness of each 
coupon is measured and recorded. After measuring is complete, the samples are cleaned in two steps. First, 
each sample is soaked in acetone in a 50 mL beaker and placed in the ultrasonic cleaner for approximately 
3 minutes each. Then each sample is rinsed down with isopropyl alcohol and air dned. Finally, the cleaned 
specimens are suspended in their own alumina crucibles from platinum wires. 

2. Oxidizing the Alloy C-22 coupons: 

Every sample is at least oxidized by heating it for some period of time in the fiunace. Four of the 
specimens are oxidized at 900°C for 20 hours, one is oxidized at 1200°C for 20 hours, and one is oxidized 
at 1200°C for 4 hours. After heating, every specimen is allowed to gradually cool down, so as to prevent 
thermal shock, before reweighing. The gradual cooling process consists of approximately 15 rnin. in the 
Lindberg oven at 600°C and another 10 min. on the cooling plate at room temperature (-20°C). 

3. Thermal Aging Interaction between Alloy C-22 coupons and Sluny: 

Initially, sluny is prepared by mixing some of a Yucca Mt. rock sample (ground into powder) with 
distilled water. This slurry is then used to coat four of the specimens, which are allowed to dry over a 
hotplate. The specimen are then suspended in their crucibles fiom the platinum wire and placed in the 
furnace at varying temperatures (1050°C to 1200°C) and amounts of time (2 to 20 hours). Again, each 
specimen is allowed to gradually cool down before it is reweighed. 

4. Oxidation and Corrosion Analysis: 

The samples are first mounted and polished as cross-sections in epoxy by the method described on 
pages 20 and 21 in this notebook. Then, using an optical microscope, the cross-sections are photographed at 
different magnifications and analyzed to determine the external scale thickness and maximum penetration 
depth of oxygen in each specimen. 



Sample my Coated with Slurry (Y@ Mass per unit area 

Furnace Setpoint: Y e a  " r 
Furnace Temperature: 
Duration of exposure: 
Start time-date: 
End time-date: 
Details/Results: 

. - ., 
4s 2 " C 

hrs. 
12.' / f - 6m7 
d. '/ q -c/c/m 

Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Sample OX 10 Coated with Slurry (Y@. Mass per unit area 

Furnace Setpoint: 
Furnace Temperature: 
Duration of exposure: 
Start time-date: 
End time-date: 
Det~ils/Results: 

A0 hrs. 
/A' I? - d57.47 
8; 19 - 6/h7 

Initial mass: 
Final mass: 
Mass of spall: - b 
Total mass: 02 3 7Jff g 

Sample OX // Coated with Slurry (Y@. Mass per unit area 

Furnace Setpoint: 
Furnace Temperature: 
Duration of exposure: 
Start time-date: 
End time-date: 
DetailsA2esults: 

930 oc 

roz " C 
;ro hrs. 

Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Sample OX 12 Coated with Slurry (Y@. Mass per unit area 

Furnace Setpoint: 
Furnace Temperature: 
Duration of exposure: $0 hrs. 
Start time-date: 
End time-date: 
De ails/Results: 

Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Sample Coated with Slurry (&IN). Mass per unit area ,215 

Furnace Setpoint: (03V " C 
Furnace Temperature: /K/ " C 
Duration of exposure: 3 hrs. 
Start time-date: 7,' ~5 - LA47 
End time-date: i/,'6 - 64/07 
D tailsResults: 

*,dyy s/dfv ~=.h"& - b e  @i bbll 
Initial mass: d* 9 5 1 ~  g 
Final mass: 
Mass of spall: 
Total mass: 

Sample m/'  Coated with Slurry @IN). Mass per unit area ,J7Y ?/fi,tq2 

Furnace Setpoint: 
Furnace Temperature: 
Duration of exposure: hrs. 
Start time-date: f - 6hhl 
End time-date: /.* q6 - d h . h p  
Details/Results: 

Ilc. &~PY slyrpf ('c% b b ~ ~  (L b M t - ,  IF+ 6- hwh 
Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Lj 



Sample DXq Coated with Slurry @I). Mass per unit area ,416 7 / * ~ 2  C Sample 0x13 Coated with Slurry (Y&. Mass per unit area 

Furnace Setpoint: // 50 " C 
Furnace Temperature: I/ 77 " C 
Duration of exposure: 2 hrs. 
Start time-date: $:30 

-:$b End time-date: /O:m - 7/@' 

Furnace Setpoint: 
Furnace Temperature: 
Duration of exposure: 
Start time-date: 
End time-date: 
DetailslResults: 

I lm " C 
" C  
20 hrs. 
3!/5 - 6//7 

11: 1 5  - 6/9bf 

Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Initial mass: A9Yg35 g 
Final mass: 2, %f03 g 
Mass of spall: , G Q W  g 
Total mass: 1, YBi!? g 

Sample OX Coated with Slurry @N). Mass per unit area 
Sample / Coated with Slurry (YB. Mass per unit area 

Furnace Setpoint: / 2 U 0  "C 
Furnace Tem~erature: I if80 "P 

L - Furnace Setpoint: 
1- Furnace Temperature: 
t- Duration of exposure: 
I$ Start time-date: 
L. End time-date: 

LOC 
hrs. 

10. ' 4g - 6/7h7 
/2.' YO - 6/zh7 

Duration of exposure: 
Start time-date: 
End time-date: 
DetailsResults: 

, - -  U 

5' hrs. 
Y!& - 6Ifh7 

/.*;zo - 6/9/07 

Initial mass: 
Initial mass: 
Final mass: 
Mass of spall: 
Total mass: 

Final mass: 
Mass of spall: - a 

'l'otal mass: 3-rYY8 g 

Sample OXlZ Coated with Slurry @N). Mass per unit area . i b 7 V / ~ M  

Furnace Setpoint: /Z& " C 
Furnace Temperature: QZLS~ " C 
Duration of exposure: 20 hrs. 
Start time-date: 3.' /aA - 6/7/01 
End time-date: 11 :/< - 16/#h7 
DetailsResults: 

Initial mass: 
Final mass: 
Mass of spall: 
Total mass: -g 

)(.7 9 6/ , e /q  -- - - - - -  











Lava Rock Melting Tests 

Task Assigned to: Matthew J. Panariello 

Objective: To test the ability of Alloy C-22 (in crucible form) to withstand exposure to magma from 
different volcanic sites, and to analyze the extent of structural failure, if any. 

EquipmentIMaterials: 
Hastelloy C-22 crucibles 

HT#: 2277-5-3299 
Major element composition: 58% Ni, 22% Cr, 13% Mo, 4% Fe, 3% W 
Machined dimensions (approx.): length= 1.5 in, d i a m e t e ~  1 in, bore= 1 in 

200 mL beaker (2) 
Acetone 
Hawaii lava rock samples (HI #1 & HI #2) 
Lathrop Wells lava rock sample 
Distilled Water 
Fisher twist-tie sample bags 
Steel tongs 
Tweezers 
Heat resistant safety gloves 
Safety glasses 
Fisher Scientific FS 14 Ultrasonic Cleaner 
Cold epoxy mounting kit 
60, 120,240,320, 600 grit adhesive backed 8" diameter abrasive discs 
Buehler Ecomet 3 variable speed grinderlpolisher 

120 volt 
490 Max RPM 
Cat #: 60- 1960- 160 
sn: 462-A3P-0208 

Buehler Isomet Plus precision wet cut-off saw 
115 volt 
4500 Max RPM 
Cat #: 1 1280-160 
sn: 452-I5P-835 

CM Inc. Rapid Temp. Furnace 
Max temp: 1700°C 
sn: 029786 
Model #: 98002-24 

Lindberg Oven 
Max temp: 1200°C 
sn: 909172 
Model #: 51333 

Sartorius Genius Scale (Analytical Balance) 
Mass range: .00001g to 200g 
sn: 12809099 
Calibration due: Nov 11, 07 

Identified Sources of Error: 
Mass lost from spalling during heating and cooling 
Any difference in chemical or physical composition of different samples 
Any impurities that may have been encountered by the samples between heating and storing 

Procedure: 

1. Preparation of Alloy C-22 Crucible and Lava Rock: 

Before the experiments are run, the crucibles of C-22 are weighed using the analytical balance. 
They are then placed into a 200 mL beaker with acetone and placed in the ultrasonic cleaner for 
approximately 6 minute. The lava rock sample is broken into fragments (approx. pencil-eraser sized) and 
used to fill the cleaned crucible. Finally, the crucible and lava rock are weighed together to attain the mass 
of lava rock added to the crucible. 

2. Heating HI #1 Lava Rock to Melting Temps: 

The specimen is placed into the furnace at a predetermined starting point from which the 
temperature is increased by intervals of 20°C every -1 hour. Once the melting temperature is reached and 
the lava rock is in its molton state, the specimens will remain at these conditions for a set period of time (to 
be detemined during test). Upon removal, the specimen is allowed to cool to 600°C in the Lindberg Oven 
for 30 min. and then to room temperature for another 30 min. 

3. Heating HI #2 and LW 4-4 Lava Rocks Comparitively: 

Both specimens are to remain under identical conditions once the experiment is started. They are 
placed side by side in the furnace at a set starting temperature and gradually heated as in the HI #1 heating 
experiment. Again, upon both specimens reaching the melting point and becoming molton, they are left 
under those conditions for a set period of time (to be determined). When heating is completed, the 
specimens are gradually cooled as in the HI #1 heating experiment. 

4. Data Analysis: 

The crucibles, once cooled and reweighed, are cut into quarter sections so that the interactions 
between the C-22 and magma are exposed. These pieces are photographed under a low magnification (.6 or 
.8), and then set in epoxy mounts and polished following the procedure described on pages 20 and 21 of 
this notebook. They are then photographed under hlgher magnification (50x to 500x). Some specimens may 
be analyzed under a Scanning Electron Microscope to learn the material composition and etched to 
determine grain structure. 
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Yucca Mountain Rock Testing 

OVEN= OVEN SETPOINT= Y6'0.L 
m. @i Twp Fo,-j-iu OVEN TEMPERATURE= 901.52 

W P?mz-26 

measurement scale: &&,+,S 
Lk $&, "Bm GC 54/0 &: 11/;,/07 

Measurement taken with OMEGA MICROPROCESSOR THEMOMETER MODEL# HH22 
SN#=T-94140 CAL= 4/y/0 7 DUE= 1742J7 

Thermocouple= SN#= 328 CAL= ,t/d/o 7 DUE= I C / O ~  

AMOUNT OF TIME = dh5 /.I*' ~b/a76'/&'00~ 
W J%&.' 6 h,h7,g7 
























