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Planned Work

» Experimental Work

— Effect of thermal aging on contact angle between in-
drift water and Alloy 22

— Drop experiments for different crack width: 25, 50, 100,
and 200 ym -

— Two temperature: 25 and 95 °C

JDrop experiments with calcium chloride brines, alkallne
brine, and neutral brine

— Slanted surface with solution for which in-drift water
enters the crack
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Analysis of Contact Angles on Alloy 22

~ Initially Assigned To: Nancy Hawkins and Scott Hutzler

Objective: Measure the contact angle of four solutions on a planar, alloy 22 specimen at
varying temperatures to determine flow probability.

"7 Reagents: Alkaline Brine (SN 768/14) T
R —— CaCl Brine (SN 768/14) S
Neutral Brine (SN 768/14) :
- DI water
e Acetone R

Equipment: (2) Chromalox Heating Elements
B— Omega Thermocouple

S Watlow 93 controller box |
Oakton InfraPro Infrared Thermometer (model #35641%%sn: 2332580201)
I Standard Goniometer (model #: 250-F1; sn: 607113) T
S Auto Dispenser (model #: 110-22-100; sn: 607113) '
DROPimage Computer Software (Ramé-Hart Instrument Co.)
S Ultrasonicator o ;
SR 0{}1?965& N Codiorated PELIsIEN Comicd col e Ginon A\eniCe (O 0\’505(6 —_—
o Supplies: Disposable transfer pipette tips SN
DI water
B — Kimwipes
e Gloves
Electrical tape

Compressed air

Basic Outline of Procedure:

Calibrate the standard goniometer with the ball bearing provided by the manufacturer
Position alloy block on the stage and center/focus it on the live view on the computer
Place clean pipette tip on the auto dispenser and pull 30uL of liquid into the pipette -
Position the pipette over the alloy surface and adjust the distance from the pipette tip to
the surface where desired

Release the liquid onto the surface

e Measure the contact angle by masking unwanted portions of the drop with the appropriate
e cursor lines using computer software —
e Measure the contact angles using computer software

10 measurements are taken for each drop. An average of the left and right contact angle is
displayed as well as an average of the combined contact angles.

Sample: Alloy 22 Metal Block _ 5

Clean alloy 22 block according to the procedure in SN 831/4 T
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PRELIMINARY TEST METHODS

Adjustments and Calibration

— e Adjust the entire apparatus with the two knobs closest to the bench with the —
bubble (circle) level on the base.

¢ Make sure the stage is level at all angles with a hand-held bubble level.

v e Put alloy block on stage and lock the stage into the desired vertical position. On

Recorded bv

ey MMM

the software’s’ live image the block should be viewed as a silhouette, not looking
down on the surface.

o To create a silhouette, adjust the stage to the desired height.

o Focus the solid surface using the depth adjustment wheel under the camera

Put a fresh pipette tip on the auto dispenser and position the tip at the desired
distance from the block. The closer the tip to the block the less likely the drop will
detach from the pipette tip.
o If the tip is not in focus it will not appear on the screen.
o When the tip is in focus it wall be square shaped, not tip shaped.
o To move the pipette tip towards or away from the block surface adjust the
screw facing down on the pipette stand.

Place calibration tool on the stage. Focus the ball bearing and take a picture of the
live feed.
o Click calibration menu
=4
o Aspect ratio should be close to 1 (preliminary results = 1.005).

— —

new calibration sphere: diameter should
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e Setting up a Method
o o File "~ New Experiment Wizard... ~ CA ~ . Name the Method (preliminary ;
o - name = CA-20). —
e o Droplet = water I
o o External = air
o Solid = steel
T o No volume step (default) T
- Running a Sample __w_j
- ¢ Device control—» drop volume control
T o volume step = 30uL (Refers to the volume pulled into the pipette) = —— —
. — o syringe volume = 250 (Refers to the auto dispenser)
o o full stroke = 240.0 sec (Refers to how quickly the solution is pulled in and
dispensed. The longer the time the less likely for a splash).
T o syringe level 58% (Refers to the piston in the auto dispenser)
- ¢ Transfer solution that will be used to measure the contact angle into a clean -
B — beaker
o e Pull solution into pipette by clicking “input step” on the screen. With a Kim wipe
remove any solution residue that may have attached to the pipette tip. Be gentle to
T make sure the tip is not loosened. B
o e Be sure the tip is focused on the screen. Position the pipette over the block in the
- prearranged position and release the drop by clicking “output step”
T * Once the auto dispenser is finished (listen carefully), carefully pull the pipette tip —
e away from the stage, detaching from the drop. _—
- e Center the drop in the live feed screen.
A —
— e Take a picture of the drop. 5
- o e Bring cursors into view (green “play button” icon). Be sure the green and red
vertical cursors are on either side of the center tick marks. Also, the red horizontal ;
. line must be above the tick marks, and the green horizontal line below the tick —
S marks. The spaces between the green and yellow vertical lines, above the red line, ~————*—~
_______ ~ and below the green horizontal line are not included in the measurement. . ;
Recorded by: - Date Verified by: Date
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Data Generated

10 measurements are reported for each drop (approximately 2 min.) o
1. Left contact angle
2. Right contact angle
3. Combined contact angles R

At the end of each set, the measurements are averaged.

" Reports

After the data is collected on the contact angle screen, select the following menus on the
saved pictures (not the live feed) toolbar:

Results™ Setup Report (make sure everything is selected) —» Show Report — ——
Save Report I

Once the initial report is generated any new reports will replace the existing report under ‘
the Div. 20 folder on the C drive. S

The following programs are shown in the Div. 20 folder:

RTF — raw file (current, complete report) _—
JPG - images
LOG — minimal results reported
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Average

Contact Angle Comments

— Drop # Solution

One drop was transferred from pipette tip to

S 1 Di 69.57
surface
e e 5 DI 68.68 One drop was transferred from pipette tip to -
S surface :
The liquid was dropped on itself in
| 3 Di 78 . . o
S increments of approximately 5 microliters !
L 4 DI 65 One drop was transferred from pipette tipto  ___ |
% surface
o . . -
| 5 DI 64.55 One drop was transferred from pipette tip to
e surface
- 6 DI 65.34 One drop was transferred from pipette tip to ﬁ
surface j
e 7 DI 72.93 One drop was transferred from pipette tip to
surface
8 CaCl Brine 68.75 ' The liquid was drqpped on |ts_elf in
SR increments of approximately 5 microliters !
- 9 CaCl Brine 715 The liquid was dropped on itself in
|

increments of approximately 5 microliters
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— Drop Comparisons

I 6/12/2007 - B
. Dripped Drop Continuous Drop -
Drop# RightCA LeftCA Total CA Drop# RightCA LeftCA TotalCA .
1 71.87 70.05 70.96 1 69.66 68.2 68.93

2 72.95 72.76 72.85 2 79.63 77.75 78.69 ‘
3 71.63 7221 71.92 3 7217 73.76 72.97 EE—
4 60.02 57.58 58.80 4 71.97 71.43 7.7
5 54.57 65.30 59.94 5 64.42 63.88 64.15

Average  66.208 67.58 66.894 Average 71.57 71.004 71.288
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- PROCEDURE FOR VERIFICATION OF THE PERFORMANCE OF A STANDARD
AUTOMATED GONIOMETER AND ASSOCIATED IMAGE ANALYSIS SOFTWARE

1. PURPOSE AND APPLICABILITY I —

1.1 The purpose of this procedure is to provide a method for the verification of the
performance of a standard automated goniometer and the associated image analysis software. ——n———
This procedure establishes controls required by Quality Assurance Manual (QAM), Section 12,

~——  “Control of Measuring and Test Equipment.”

1.2 Goniometers are used to measure the contact angle between a liquid, or a vapor, and a
—— - solid surface. Surface tension can also be measured to predict the spreading of the liquid or
vapor over the solid surface. However, reference is made in this document only to the
procedures applicable for contact angle measurements between a liquid and a solid surface.
———  Understanding the contact angle will provide information on the probability of flow of the liquid
through the material

2. RESPONSIBILITIES
R 2.1 Principal investigators are responsible for the implementation of this procedure.

2.2 Personnel performing contact angle tests are responsible for complying with the
e requirements of this procedure.

3. PROCEDURE

3.1 Contact angle measurements are digitally collected with the standard automated
goniometer using the DROPimage software included with the system. Calibration is attained
o using a certified precision combo calibration device provided by the manufacturer. —

———™ 3.2 The standard automated goniometer shall be calibrated periodically as specified in QAP-
019, “Control of Measuring and Test Equipment”. The initial calibration interval shall be one
month, but shall be adjusted as needed when the instrument is first set up, moved, when new

- —————  components are added to the system, and/or the setup has significantly changed.

3.3  Before calibrating the equipment, ensure the live image is visible on the PC screen and
— the sample stage is level. Using compressed air, remove any dust particies that have attached
to the calibration ball. ——

-—— 3.4  To calibrate the instrument, use the sphere calibration tool (a calibrated steel ball
bearing secured to a glass slide) on the precision combo calibration device. Place the
calibration ball assembly vertically on the stage so the steel ball is imaged through the glass
N and positioned in the middie of the live image screen. Use the depth adjustment wheel under —
the camera to focus the ball as shown in Figure 1.

Date  Verified by:  Date
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3.5  Select the “new sphere calibration” option on the calibration drop down menu to attain a
complete profile of the sphere. Enter the diameter of the ball (4mm) and the number of runs
(10) required for accurate calibration results. On the live image screen, position the vertical
green line through the center of the ball, and the horizontal line through the area below the bafl
to center the image as shown in Figure 2.

3.6  Once all of the parameters are entered and the cursors are properly aligned, begin the
calibration sequence. The calibration values will include the vertical (x) pixel, horizontal (y) pixel
and aspect ratio (y/x) obtained from 2™ degree polymonials fitted to the four extreme regions
(upper, lower, left, right). Because the video camera has “square pixels”, the aspect ratio will be
close to 1.0, but will often differ slightly because of small inaccuracies in the hardware. Once
the measured values are generated the values are stored in a DROP.CAL file.

3.7 _ In addition to the required periodic calibration process, the calibration should be checked
before each use to verify precision. Select “check calibration” on the view drop down menu.
Enter the ball diameter (4mm) and position the cursors as shown in Figure 2. A dialog box will
appear containing the stored values from the last calibration, the currently tested values and
the percent deviation. If the deviation is + 0.2% the equipment should be recalibrated.

- 3.8 The procedure outlined in Sections 3.4-3.7 shall be performed and documented prior to
conducting contact angle measurements. When the performance of the standard automated
goniometer has been verified, a performance verification label shall be placed on the

include the verification date and the date the next scheduled verification should be performed.
Performance verification of the standard automated goniometer should be performed once a
month or whenever the instrument has been adjusted.

4. RECORDS

Documents containing verification data, including scientific notebooks, shall be controlled as
— QArrecords in accordance with QAP-12, “Quality Assurance Records Control”.

instrument. An example performance verification label is shown in Figure 3. The label should T i
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Figure 1: Live image of calibration ball centered and focused on the standard automated
goniometer stage on the DROPimage software.

Figure 2: Required cursor alignment to center calibration ball in the live image window.
Wertical line shall be through the center of the ball and the horizontal line through
the area below the ball.
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Ansed e ines of e oo dispensec using DT waker and

PO Ao pe\ow.-

Ja—

. Make sure the beaker is full of DI water and remove any air bubbles that may

. Tum on auto dispenser.

. When turning on the PC it asks you if you want to reset the auto dispenser. |

10.

11.

have accumulated in the fresh water with a sonicator.

a. Click yes if you wish to flush out the lines with fresh water

br—Chek—ﬂea%yeu-a;esansﬁed—wnh—ﬂaemmmg— %\a

Place a beaker on the stage to collect water that is emitted from the tip.

Make sure the Drop Volume option is selected under the Device Control drop
down menu.
a. Ifitis not highlighted select Options in the Edit drop down menu and
select Drop Volume in the Installed Options box.

In the Drop Volume dialog box change the Full Stroke Time to 10 sec. so the
water will move through the lines quicker.
Input 4 as the number of rinse cycles.

Press Start to begin the rinse cycles. S

Change the Volume Step to 150ul.

Select Input Step to draw 150p1 of air into the line to avoid the mixing of sample

fluid and DI water. At this time the Syringe Level should £0 up to about 60% =+
5%.

Before beginning an experiment change the Volume Step back to 30ul and the
Stroke Time to 240ul.
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CONTACT ANGLE MEASUREMENTS OF DI WATER, CaCl BRINE, NEUTRAL BRINE,
AND ALKALINE BRINE AT ROOM TEMPERATURE, 25C, 50C, and 60C

DI Water
Room Temperature
Theta R Theta L Mean
Drop 1 8389 +0.13 81.76 +0.14 82.82 +0.08
Drop 2 88.78 +0.04 8571+0.02 87.25+0.02
Drop 3 90.23+0.07 89.58+0.22 89.91+0.11
Drop 4 88.77 +0.05 86.68+0.04 87.72+0.02
Drop 5 93.11+0.04 8641+0.02 89.76+0.02
Average 88.956 86.028 87.492
CacCl Brine
Room Temperature
Theta R Theta L Mean
Drop 1 9163+0.03 86.07+002 88.85+0.02
Drop 2 8451+004 8885+0.05 86.68+0.03
Drop 3 90.08 +0.05 9136+0.03 90.72+0.03
Drop 4 82.47+0.05 80.21+0.14 81.34+0.08
Drop 5 78.85+0.05 86.39+0.04 82.62+0.04
Average 85.508 86.576 86.042
Neutral Brine
Room Temperature
Theta R Theta L Mean
Drop1 76.93+0.03 7858+0.02 77.76+0.01
Drop2 74.48+007 7383+001 7415+0.04
Drop3 82.98 +0.01 80.49+0.02 81.73+0.01
Drop4 7164 +0.03 80.97+0.02 76.31+0.01
Drop5 81.77+0.02 88.03+0.02 84.90+0.01
Average 77.56 80.38 78.97
sanorriad Dy 4
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Alkaline Brine

Room Temperature

Theta R Theta L Mean
Drop1 78.25+0.01 83.78 +0.02 81.02+0.01
Drop2 79.47+0.02 73.57+0.01 76.52 +0.01
Drop3 77.57 +0.01 78.29+0.02 77.93+0.01
Drop4 75.87 +0.01 80.61 +0.01 78.24 + 0.01
Drop5 79.02+0.02 79.99+0.02 7951 +0.01
Average 78.036 79.248 78.644
DI Water
25C
Theta R Theta L Mean
Drop1 69.95+0.04 64.54+0.02 67.24+0.03
Drop2 69.06+0.03 62.61+0.02 65.84+0.01 ‘
Drop3 70.21+0.06 67.82+0.03 69.02+0.02 4
Drop4 67.92+0.03 73.10+0.02 70.51+0.02
Drop5 66.73 +0.03 63.92 +0.02 65.32 + 0.01
Average 68.774 66.398 67.586
CaCl Brine
25C
Theta R Theta L Mean
Drop 1 7842+0.05 74764019 76.59+0.10
Drop 2 6425+0.14 68.08+0.05 66.17+0.08
Drop 3 7330+0.03 74.05+0.03 73.68+.0.02
Drop 4 7748 +0.03 80.03+0.03 78.75+0.02
Drop 5 72.93+0.03 65.36+0.03 69.14+0.02
Average 73.276 72.456 72.866
Neutral Brine
25C ~
Theta R Theta L Mean
Drop 1 69.87 +0.02 7547 +0.01 72.67 + 0.01
Drop 2 7488+0.02 79.13+0.02 77.00+0.01
Drop 3 83.66 +0.02 8095+0.02 82.31+0.01
Drop 4 80.27 +0.02 74.03+0.02 77.15+0.01
Drop 5 69.03+0.06 72.64+0.03 70.83+0.02
) Average  75.542 76.444 75.992
%% §anj0
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Alkaline Brine
25C
Theta R Theta L Mean
Drop 1 69.72+0.03 80.46+020 75.09 +0.10 ~
Drop 2 7560+0.03 69.80+0.03 72.70 +0.02
e Drop 3 60.63 +0.02 62.01 +0.01 61.32 +0.02
Drop 4 75.82+0.03 68.41+0.01 72.11 +0.01
Drop 5 7535+028 7266+0.28 74.01 +0.20
Average 71.424 70.668 71.046
DI Water
50C
Theta R Theta L Mean
Drop 1 5476 +0.03 55.36+0.04 55.06 +0.03
Drop 2 54.60 + 0.01 56.80 +0.03 55.70 +0.02
Drop 3 67.76 +0.07 69.53+0.08 68.64 +0.05
Drop 4 58.57 +0.04 64.59+0.06 6158+0.03 __
Drop 5 59.00 + 0.04 60.34 + 0.04 59.67 + 0.03
Average 58.938 61.324 60.13
CacCl Brine
50C
Theta R Theta L Mean
Drop 1 66.46 +0.04 69.93+0.04 68.20+0.03
Drop 2 6794 +0.05 7359+0.05 70.76 +0.04
Drop 3 73.24+0.04 7650+0.05 7487 +0.04
Drop 4 76.31+0.06 8144 +0.07 78.87+0.04
Drop 5 83.53+0.03 77.23+0.04 80.38+0.02
Average 73.496 75.738 74.616 T
Neutral Brine
50C
Theta R Theta L Mean
Drop 1 69.63+0.08 7428+0.08 71.96+0.07
Drop 2 7058 +0.13 7256+004 7157+0.08
Drop 3 65.60+0.06 7222+0.07 68.91+0.05
Drop 4 71.97 + 0.1 76.87+0.03 74.42 +0.06
Drop 5 77.37+0.29 7451+0.03 7594+0.15
Average 71.03 74.088 72.56
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Alkaline Brine
50C
Theta R Theta L Mean
Drop 1 68.75+0.04 67.84 +0.05 68.3 + 0.04
Drop 2 70.12+0.02 72.08+0.04 71.10+0.02
Drop 3 7357 +0.04 67.14+0.05 70.36+0.04
i Drop 4 76.60+0.06 7346+0.07 75.03+0.04
Drop 5 76.08 +0.07 79.02+0.12 77.55+0.07
Average = 73.024 71.908. 72.468
DI Water
60C
Theta R Theta L Mean
Drop 1 63.64 +0.04 6826+0.03 6595+0.03
Drop 2 69.41+0.03 68.75+0.06 69.08+0.03
Drop 3 67.33+0.03 6428+0.06 65.80+0.04
Drop 4 65.71+0.03 63.53+0.03 64.92+0.03
Drop 5 64.01 +0.03 67.65+0.07 65.83+0.04
Average 66.02 66.494 66.316
CaCl Brine
60C
Theta R Theta L Mean
Drop 1 65.51+0.02 6290+0.05 64.20+0.03
| Drop 2 67.84+0.05 7229+0.05 70.07 +0.04
' Drop 3 63.14+0.03 62.13+0.07 62.63+0.04
Drop 4 59066 +0.05 57.01+0.05 58.33 +0.04
Drop 5 65.18+0.05 6749+0.08 66.34 +0.06
Average 64.266 64.364 64.314
Neutral Brine
60C
ThetaR Theta L Mean
Drop 1 6558 +0.08 6549+0.13 65.53 + 0.07
Drop 2 67.36+0.07 67.94+0.07 67.65+0.04
Drop 3 65.19+0.04 6852+0.09 66.85+0.05
Drop 4 61.568 +0.04 68.73+0.04 65.16 +0.03
Drop 5 67.18+0.07 7224+0.08 69.71 +0.05
Average 65.378 68.584 66.98
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Alkaline Brine
60C
Theta R Theta L Mean

Drop 1 56.68 +0.06 64.45+0.06 60.57 +0.04

Drop 2 62.03+006 6169+0.05 61.86+0.05

Drop 3 62.45+0.06 6895+0.06 65.70+0.04

Drop 4 58.20+0.21 58.00+0.05 58.1C+0.11

Drop 5 59.92 +0.05 64.25+0.04 62.0¢+0.04
Average 59.856 63.468 61.664
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Contact Angle of Five Drops of DI Water on Alloy 22 at Various
Temperatures -
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Contact Angle of Five Drops of CaCl Brine Solution on
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S T Contact Angle of Five Drops of Neutral Brine Solution on
Alloy 22 at Various Temperatures
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Contact Angle of Five Drops of Alkaline Brine Solution on
Alloy 22 at Various Temperatures
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 dsoe 0dso braded.

yex bicad pixelt 9.325
\oazoated Mixei: 4.384
Cispecd caio - 0.999

' . ' nes centrated
Meosured e OOGOT o0 of Sitnuaicel on thdde |
LWaker ok 50°C . Sotow o?) Qe n\mﬁgx 3@;(0@\_@1&% X L\Ou)ﬂ)% .
; POOUON_ HP0e A0 NeasSuse oNe S ag ok Yoe doro@ . i
n)m%(;& oL S \oeade A U ho(m\\\s.

\ | \CrcL e ‘ oF cowdn of G
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Simulated Concentrated Water
Room Temperature

Theta R Theta L Mean —

— Drop1  4950+0.07 4968+0.07 49.59+0.19 o
o Drop2  56.97+0.06 59.89+0.03 57.30+0.18
Drop3 68.06+002 6991+002 6899+001 —
T Drop 4 76.63+0.04 83.09+0.03 79.86 +0.02
S —— Drop5 79.00+0.03 74.52+0.03 76.76 +0.02
T Average 66.032 67.418 66.5
Simulated Concentrated Water
i 50C R
; — Theta R Theta L Mean
! Drop 1 na 37.60 + 0.11 na

Drop 2 na 44.26 + 0.07 na ——— -

Drop3  66.32+0.08 75.80+0.09 71.06+0.04 e
| B Drop4  7099+0.12 6853+0.19 69.76+0.10 ‘
i Drop5  59.25+0.04 5886+007 5906+0.04 - -
T Drop6 6525+0.06 60.88+0.07 63.06+0.03 - _
‘ — Drop 7 62.78 +0.03 67.50+0.05 65.14+0.03
T Average 64.92 59.06 65.62 —
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