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Initial Scientific Notebook Entry for Cyclic Potentiodynamic
Polarization Tests on Alloy 22

Title: Cyclic Potentiodynamic Polarization Tests.

Tests Performed by: Pavan Shukla, Div. 20; Brian Derby, Div. 18, Walt
Machowski, Div. 18.

Objectives: To determine the effect of environmental variations on the anodic
dissolution of Alloy 22 and the possible susceptibility to stress corrosion cracking.

Proposed approach or procedure for achieving the objectives: Conduct cyclic
potentiodynamic polarization per ASTM G61 and determine the possible
susceptibility to stress corrosion cracking using the approach described by Parkins
(Ref: Stress Corrosion Cracking and Hydrogen Embrittlement of Iron Base Alloy,
NACE-5, 601-624,1977)

Equipment: Electrochemical test cell, EG&G 263A potentiostat, CorrWare
version 2.8d data acquisition software, thermocouple/thermocouple meter,
temperature controller, pH meter, balances, Keithley electrometer, Coolant
system.

Potentiostat and CorrWare data acquisition performance verified using TOP-022
Thermocouple, thermocouple meter, pH meter, analytical balances, and
electrometers calibrated by SwRI calibration laboratory.

Materials: Alloy 22 heat 2277-3-3266. Additional materials to be identified prior
to testing

Specimen Specifications: Cylindrical specimens, CNWRA drawing number
20.01402.571.019

Measurement Parameters: Temperature, Potential and Current K \{Z J‘ L [al /05/
K POl L

Required Level of Accuracy: Temperature £2°C, Potentialtl mV, Current 0.1
HA.

Uncertainty and Sources of Error: Current density calculated as current divided
by sample area. Actual current density of corroding areas is not determined. Non-
faraday charging current during polarization.
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Objective: C'P? ,’w',. d

Specimen: C-23

Initial Weight: 11 .§%6Y
Final Weight: 13 +9%57

SOLUTION:

Reagents measured with

initial pH: 7-S 3

Final pH: J—-‘/ / .5

o§ A4/e§  pH Probe: #13-620-206

9.6%

TEST TEMPERATURE:  §5°C

Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE

Gas: 99.999% Nitrogen
Ecorr: M40 me
Ept: - ‘10 -

Potentiostat: Blo%G® 243 A

a3
-+ SI—WA;. To ?ownkg

Cyclic Potentiostatic Test
Alba ] in o §mnulL o-7UM
NaH (03

Adve DLar DoE - Buse Moy
Ke® osqieacta

SN: 12809099
Due: 11 lu}‘”"

Model: Sartorius Genius
cal  S/ufos

o m Ml r 6m Nuiko,
sr.q:& Nae\ (¥ oB0tEy
2

Model: OHAUS 8SN: 2883
Cal: |]l~|'o: Due: ‘Illﬂ)or
Modet: orion 8N: 2390
CAL: 'Ilm oy DUE: 9/ /85

SN: 40LSING P b

Measured with Hg Thermometer SN: (G ~J 06

cal: 4oy Due: q‘n[o(.

¥ Gre-s2 SN: 0Q4p1y
Model: Keithiey G171 sN: 3374%
Cal: l!-fb’ﬁ Due: GLfafss

SN G( oS

Specimen Examinstion: Ay \isv ‘\ s;a'\ A Q.wio.\ e P.‘H».‘g_

O Sull- ~te O'Q- SPQ:MU\' \,M7 M:lo SUCQﬂg S*A:n}

Dda Fle 1 Crz Py ey Py Mteo,

V‘M\t \u-“ Q(,f;\.;‘\ SICcu-A Q.\. &uq,k WN‘X; }

pg i v
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— 0.2
— - C22 CYLINDER HT#059902LL2
SOLUTION 0.5M NaCl + 0.74M NaHCO3

0.4 | TEMP=95C pH=17.53
. | —— C22P5NaCIP74NaHCO3.cor
— 0
— S-0.1}F
—_ w i
] -0.2
——

-0.3
-

L

-0.4 MMW@WWMW-S

— 10" 10™ 10 10" 10™ 10" 10° 10° 107 10° 10° 10° 10
| (Amps/cm?)




A/ 05~
Cyclic Potentiostatic Test
Objective: h
ecimen: alnd w -’1_, (D‘:( X Dot - Barx. /U[ '
K ar 4 s Ht # os9983 o

Model: Sartorius Genius

Cal /i fos

6 §MNall +0-79m NaH(o3
58-ug g~

Initial Weight: Q. (957 §
Final Weight: I2-49 '03\

SOLUTION:

Na e Lot # 0500d9 -

SN: 12809099

Due: ”/”/Or

Ry 34 q NaH (o3 Aot #0044 998
SZ‘I wadot 4o 3000 mi
Reagents measured with Model: OHAUS SN: 2883
Cal: l/,q{&{ Due: 7/1y /0§
Initial pH: 7&' Model: orion SN: 330
FinalpH: g ¢ 9 CAL: -7/ayloH DUE: 7/QU[oS
pH Probe: #13-620-296 SN: lfo 65°196P16
TEST TEMPERATURE: § 4 06 Measured with Hg Thermometer SN: Cj g /0 6
Cal: q/:ﬂ/of Due: q/q7/o /4
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE [3 -6o—%R SN: oo ‘6 “g
Gas: 99.999% Nitrogen
Ecor: =306 "V Model: keithiey & |7 sn: 3741 d
Ept: ‘3 ,‘“\/ Cal: R/D\/oq . Due: é/{/o(
Potentiostat: L (% &3 A63 A SN# £€16 S
Specimen Examination: NO VV)‘“‘V[ &\a" (/ [Q‘ﬂ“mU* e
W oty on e S Sfousmen m&/ %1l

Dx}. Gli: caq P g Mack Doy NaH(oz TZ
wll a(/»lmL Afetinen o St

Nok

c/z(/u(




1.0 —

C22 CYLINDER HT#059902L1 2
L SOLUTION 0.5 M NaCl + 0.74 NaHCO3
; TEMP=95C pH=7.81

] 0.5 - —— C22P5NaCIP74NaHCO3T2.cor

|
|

E (Volts)
(@]
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TH S/L¢/0s

Cyclic Potentiostatic Test

Objective:

Specimen: (29 C(jby-gly/ Pjﬁ:k- DQQ X IDGE &Y’( A”W

HT#o0 $Ygen LL 2
initial Weight: {- Q.G RE 7o Modet: Sartorius Genius SN: 12809098 _
Final Weight: IQ 3Q6{)q 3v Cal o S’//]/o{ Due: N/ll/oS

soution: 0-¢ m Na(@ + o 74M NaH((°3

SQoubg q NalL Lt # 050083

[RY- 37 T NaH©3 dof # ol 99¢
A /¥ H & 4Dl Wideos o Roco mi-

- od/ 2/08"

Reagents measured with Model: OHAUS SN: 2883 —
Catl: |/'q/o§ Due: ‘//M/OS

Initial pH: 7+ 7K Model: orion SN: /33 /a _

FinalpH: ., CAL: -7/2i /o4 pue: 7/ [es

9 ,;23 pH Probe{#14-620~296 sN: 4oL S 196716

TEST TEMPERATURE: 9 S—OC Measured with Hg Thermometer SN: ﬂ(g '/ 06
Cal: (1/;17/og/ Due: ‘1/:,17/0 4

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE /3~bio -§2. sN: 6666 (19

Gas: 99.999% Nitrogen

Ecorr:  ~ Bﬁl ™~ Model: Keithiey 2, |7 sv: $37414

Bt — SImV Cal: 12/ af0Y Due: ¢ f3/0S

Potentiostat: [ (HE O 263 A st 44loS”

Specimen Examination: HD WA AALJ , )?’ J ~ \7 % Lol
¥ M ‘:7 -

Bok  flio caa PS Nall P74 Nurlos T3
(22 PS Nadl P1Y wNah(oz TY

Nk VO bk Spesien hr e by gy %L_[-
f’ N
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1.0
C22 cylinder HT#059902LL2
" SOLUTION 0.5 M NaCl + 0.74 M NaHCO3
SCAN RATE= 16.67 MV/s
05+
—— (C22P5NaCIP74NaHCO3T3.cor
)
-0
> 0
W
05
1.0 gLyl Lot Lol g tartnl Lopy vl bl oLyl
10° 10°® 107 10°° 10° 10 10 10
| (Amps/cm?)
1.0
C22 CYLINDER HT#059902LL2
SOLUTION 0.5 M NaCil + 0.74 M NaHCO3
- TEMP=95 C pH=7.78 /
SCAN RATE 1.667 mv / s =
05
——— C22P5NaCIiP74NaHCO3T4.cor
w
o
> 0
= L
05
\
1.0 ﬁmwwwwwwwwﬂm%mw

1015 10 10 102 10 10" 10° 10® 107 10° 10° 10 10°

| (Amps/cm?)
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7 W 7 S
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Cyclic Potentiostatic Test

Objective: Tu,o ,{(am ”LCI‘C ( '66 70 m\/ £ ’é é ,m/) |

‘{CQ:{ Soludion. /0 S mpad Fo7t/m y(w B

DOE
Specimen: [~ QQ JQUJW /’b‘fc-' DEAX HT # 059803 LL R e

Initial Weight: | Q42 66 §qu~ Model: Sartorius Genius SN: 12809099
Final Weight: . . Lf;zgfs’(r- ca o5/l lo¢” Due: u/“/DS/

SOLUTION: (. 6" m Nu(l + 0-74 NuH (03
4. [/§a~m€j Na (L Jo! # 0S008Y

R4 38 g f MNaltles ol # 44998

Reagents measured with Model: OHAUS SN: 2883 _

Cal: \/W/os’ Due: 7/1q/0
Initial pH: 7 - & | Model: orion SN: R 330
FinalpH: ¢.0 & CAL: 7/ | /oY DUE: 7/3 | fos~

pH Probe: #13-620-296 SN: L{O{{ 19¢ 2] 6

o N 5 —
TEST TEMPERATURE: 4§ €  Measured with Hg Thermometer SN: ( & § /o 4

Cal: 1&/&7/05’ Due: (I/a'(7/oé
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE /3 “CLo -S L SN: oo b6l 9
Gas: 99.999% Nitrogen
Ecorr: - {3 ™V Model: Keithley SN: 05 79634
Ept: -2lo m Cal: Q’)'SO(‘) Due: %IB/OS/
Potentiostat: F6 g6 A63A SN# éé IO ;

Specimen Examination: I\/O VYJAJAL &Jﬂj /?TMJ oA (ovwnon

C AR PSS Nalt pf/\/a//[03 TS
Aok Fler caa P Nacl PSNeahtog T6




0.75

C22 Cylinder HT # 059902LL2
Scan Rate = 166.7 mv /sec
Solution 0.5 M NaCl + 0.74 M NaHCO3

T

0.50 -
—— C22P5NaCIP74NaHCO3T5.cor

E Ngglts)
|

-0.25 L I TR S B B B ! Lot vrd [ B
10* 10" 1072 107
S | (Amps/cm?)
0.75
C22 CYLINDER HT# 059902LL2
Solution 0.5 M NaCl 0.74 NaHCO3
Scan Rate = 16.67 mv /sec
0.50
——— (C22P5NaCiP74NaHCO3T6.cor
)
S0.25 -
b
w
0
-0.25 ] ] Lot | [ R L1t 1
10° 10 10°®

| (Amps/cm?)
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e et
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A Cyclic Potentiostatic Test

bjective: / i od 1 & e
obj @owx»«o{ Potento +cot ".“;kmv/z?.m C j

Specimen: () Q (JQWJVI ,».D,ak P X DUE 6’-"’5 A”
AT # (95990 LLz)

Initial Weight: | Joo /g™  Model: Sartorius Genius SN: 12809099
Final Weight: |3 . 100964~ cal cg’/“/o( Due: H/”/OS/
SOLUTION:

Lo Same Sc\uxhr\
N ‘\CS\"Iha, & Pa'j‘o
O.5m Mo\ 4+ 6.14m N.Jltoz

Reagents measured with Model: OHAUS SN: 2883
Cal: Due:
Initial pH: Model: orion SN:
Final pH: CAL: DUE:
pH Probe: #13-620-296 SN:

TEST TEMPERATURE: J5°C  Measured with Hg ThermometersN: ¢ 48 / 06

Cal: Li/.;j]/oS Due: ﬁi/q7/oé
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 13~620-52, SN:
Gas: 99.999% Nitrogen
Ecor: =~ 694 mV - Model: Keithley sn: 0579638
Ept: -344 mV cal: Si’k 5,04 Due: ﬁZ/) IS/ °,S’
Potentiostat: £ (6 (6 263 A snve 66165

Specimen Examination:
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0.75
C22 Cylinder HT#0599021L2

Solution 05 M NaCl + 0.74 M NaHCO3
| Scan Rate = 1.667 mv/sec

—— C22P5NaClP74NaHCO3T7.cor
0.50 -

I ——

Ll

-0.25 [ S G W B S A | 1 L
10° 10*

| (Ampsfcm?)

10°°

———— — . ——
—— e — — —

T e e ot e e - e 425 8 e 24 e e+~ 21t —om 3+ ot s et
——————— e - e - e ame
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SO —— / Cyclic Potentiostatic Test

ek o B Bom e f 01667

Objective: )
W ] C 'mV/);a -
mi
Specimen: ¢ 2R ((7 ."L/( fL’CLC PERX Y Bucx A“a ______
(1125 930R u»lf‘l
Initial Weight: | 2 L‘of-lj 8( Model: Sartorius Genius SN: 12809099 ]
Due:

Final Weight: |Q. 4o ¢ ;\gm Cal

SOLUTION: hd  Aome Zohadion h,/ MU on /pﬁ,(# lo

oS MNall + 074 MNaHO3

Reagents measured with Model: OHAUS SN: 2883 e
Cal: Due:
Initial pH: Model: orion SN: R
Final pH: CAL: DUE:
pH Probe: #1 3-620-296 SN: e —
e - B e
TEST TEMPERATURE: (G ¢ Measured with Hg ThermometersN: ¢ 9¢ / ob
Cal: L\/.Q‘//o ¢ Due: L‘/")J/OG -
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE /% "6-2() -'.5’;\ SN: B e
Gas: 99.999% Nitrogen o
Ecor: — 60 mV Model: Keithley SN: 05796 ad
Eptt Qo4 mV cal: _gef, )04 Due: Se"IB)O s
Potentiostat:  f () L6 63A SN# {6 lo s -

Specimen Examination: ' i Vi . [
NI K,jnoj ,',7“17 ( oy Cerromen

Seka Gl { CRAPSNLl P I4MHCOSTE ™~
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0.75

1J

Jo)

0.50 -

C22 Cylinder HT#059902LL2
Solution 0.5 M NaCl + 0.74 M NaHCO3
Scan Rate = 0.1667 mv/sec

— C22P5NaCIP74NaHCO3T8.co

m

-0.25

09/07757
] Loty I o1l ] bl ] Lol 0 111

10®

10° 104 10’ 107
| (Amps/cm?)




6/2/ 08 -

Cyclic Potentiostatic Test —
CPP matlyy 22 b ranius omilte _
Specimen: cé.z e. [@\' z 5 D‘etx Ddb‘; BM % —

HT # p5990acL &
Initial Weight: /0, &7 ¢75 4 ¢Model: Sartorius Genius

Final Weight /9 g2 o/ » g cal &/ujos

Objective:

SN: 12809099 —

Due: /l/”/,(

SOLUTION:  g,.&M Hall, v 8.7¢m A/;c_f % %o/
Mall, &%y § LAt osvr§9
Moy Cly 150, 8055 LoT 86087 B
Reagents measured with Model: OHAUS SN: 2883 -
Cal: //,y/’_r Due: 7//‘///(
Initial pH: /7, iy Modet: orion sN: S332 B
Final pH: /7, 7.9 cAL: 2/t /oy puE: /[0 _

pH Probe: #13-620-296 SN: Yo 96 P il

Measured with Hg Thermometer SN: (4 4 9 -0 b

TEST TEMPERATURE: 0
45 c cal: y [j 7/&( Due: lt/i.?/”& —

Counter Electrode: Platinum Fiag

Reference Electrode: Fisher SCE

/18-620-52 SN: 826 L 1) G .

Gas: 99.999% Nitrogen —
Ecor: ~41Y o1/ Model: Keithley g /7 SN: 3941 &

Ept: __ (qs—- »\\/ Cal: (/47/0{ Due: lf/., 5_/0_‘/ —

Potentiostat: £~/ v A e 35/ SN# éé 108 -

Specimen Examination:

dit f& CHPLLPHNHIIT Gt

W M/Wc/ -

P e ’*“\”W



1.0

05 -

C22 Cylinder HT # 059902LL2
Solution 0.5M NaCl + 0.74M Na2CO3
95°C 0.1667 mV/sec

—— c¢22p5naclp74na2co3t9cor.cor

-1.0

JENEan|

N

Lol Ll

Lol

el

L1 Ll

10°®

107

10

10°
| (Amps/cm?)

10+

102

_ﬁ/ ﬂ}évél_ ///

L )50

107

10"




6/3/05

Cyclic Potentiostatic Test

Objective: C/p t)(,a“ % A2 » Y P M
Specimen: (’/14 W.&\ ﬂ/‘ﬁ Déo?)( Doy 'g'ﬂa_t ﬂ/l&?

W7r* 05950500 5 -
Initial Weight: /e, 374/ £3 & Model: Sartorius Genius SN: 12809099
Final Weight: /,?,j? qé/ q cal _;7,/ s~ Due: /I/I//[(“

SOLUTION: 0, 8§ Mz ll. ,aﬁ/ao/S' ¢ /0,00 o»/l/ﬁ-/)vl

Mebl  SEHG o LA EoysIoy
Gt ol g LR o38GrA e cdld Tali Z4

Reagents measured with Model: OHAUS SN: 2883

, Cal: ///Y /728 Due: 7//‘//1.(
Initial pH: 9,18 == /0, 75 Model: orion SN: 2332 _
Final pH: q,; 3 CAL: 7/1///7 DUE: 7/2/7 ¢

pH Probe: #13-620-296 SN: gL s~196 rrl

TEST TEMPERATURE: 4§, Measured with Hg Thermometer sN: & 7& /06

cal: 4/az2/0C Due: ¥//4 5/0L
Counter Electrode: Pfatinum Flag
Reference Electrode: Fisher SCE /) 8=0e3 0 -S 2 sN:goiel 9
Gas: 99.999% Nitrogen
Ecor: —%4 % ,, 1/ Model: Keithiey ¢ 17 sN: S22 E

Ept: 2/ Ml/ Cal: {/),/,_r Due: /I/,Myp('

Potentiostat: 274+ A 4 L3/

Specimen Examination:

iAot le

sne b 1OS™

CAQ PSHall PH IO TTP Eon

it atomdot S

o e 1 W? A
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1.0

C22 Cylinder HT # 059902LL2
Solution: 0.5M NaCl adjusted to pH 10 w/NaOH
— —- 95°C  0.1667 mV/sec

0.5
C22P5NaCipH10T10cor

—  -10 \
10" 10™ 10" 10" 10™ 10" 10° 10® 107 10° 10° 10* 10

| (Amps/cm?)

S i
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Cyclic Potentiostatic Test

Objective: C,ﬂ/ P 40/467 "(//;%
Specimen: (3 42 %J{,\_ FM D&j)( hr s &1_,( %

HT # 069903 L0 3

Initial Weight: /2, £ ¢ 7(5Model: Sartorius Genius SN: 12809099
Final Weight: /5 &) 5 - 5c:n Shylos Due: 2/01/p £~
SOLUTION:

petl  SECS sy, wdL
wHCo, /24, 33 LT m o4y 298
// j 39

Reagents measured with Model: OHAUS SN: 2883

Cal: ///%f Due: v//l//ﬁ.l-
Initial pH: 9,[, q Model: orion SN: 2330 _
Final pH: ¢ 4 9 caL: 7/)31/py DUE: 7/3//7
PH Probe: #13-620-296 SN: w7196 P L
TEST TEMPERATURE: q 5 ”c Measured with Hg Thermometer SN: 4 ?; -/ &
Cal: o[L/0s~ Due: 4 /47/¥ ¢
Counter Electrode: Piatinum Flag
Reference Electrode: Fisher SCE /13-¢30 "5’;— SN: 2OL L) ¢
Gas: 99.999% Nitrogen
Ecor: — 4§ 8§V Model: Keithley & /79 sN: S0 F
Ept: 4 My Y Cal: _;'/_17/,_( Due: Il/,f :/0;»—
Potentiostat: (=gl el 2439 sNE § b10S”

Specimen Examination:

, M/&/c £ P5 Mot PIINCHCOITI. b
afppemon wt -optlat




1.0

0.5

-1.0

10

21

C22 Cylinder HT # 059902LL2
Solution: 0.5M NaCl + 0.74M NaHCO3
95°C 0.01667 mV/sec (slow rate)
C22P5NaCIP74NaHCO3T11cor.cor

ol Lol

L1l

Lt

Lol

1 L3l

108 107

10°
| (Amps/cm?)

10%

10

10°°
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Cyclic Potentiostatic Test

— Objective: c/’aﬂn‘l%a&l o ald : ) v%{ z -

T ecimen: j DOE WM?‘
N ! ¢4 7 phte Dby /+7{ # 059905404 —

Initial Weight: /2, § 2 77} odel: Sartorius Genius SN: 12809099 .
— Final Weight: 13, 3995720 Cal §, ”/l:’ Due: ///////._;’

SOLUTION: § .
T O.SM Mol kL Vall S8y LA A pdsdpy s
059 Wy ldy WiyCo, I8.HS g LA w L5808 > ”
_ ODMNMHEEG gk bdadg  Afw 038544 -

Reagents measured with Model: OHAUS SN: 2883 e
N Cal: ///V/u’ Due: 7//9’/’5'

_ Initial pH: 9,43, _ Model:orion oY/ by SN: 2330 o

T Final pH: @, ¢/ 9 cAL: P/t /rs= DUE: 7/31%16’

- PH Probe: #13-620-296 SN: Yoo 5166 1L

B TEST TEMPERATURE: ¢ 5«4’ (!  Measured with Hg Thermometer SN: (¥ Z£ ~ 0 (, o

Cal: #/17/()5’ Due: ‘4/—1-7/0 L .
———— Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 13-620 52 SN: 2L 4/ q —
Gas: 99.999% Nitrogen _ o
e e Ecorr: s3 j\ ~ ]/ Model: Keithley é / 7 SN: $ 3 9//?
,,,,,, L TRy Cat: $ /Loy w1 fi st
Potentiostat: 57/} fA_ LL5/49 SN# ‘&/’( —_—

Specimen Examination:

gty dutl = _emicnodedhle

_____ M /éo& LEPSHLL P3ON D3 P37 NodCOs

e ARt AL~ W TR o -
e %0\/ Al —er . T
) o\ 0




e et et

—————e e

1.0 o
C22 Cylinder HT # 059902L L2 o
~ Solution: 0.5M NaCl + 0.37M NaHCO3 + 0.37M Na2C03 o
95°C  0.1667 mV/sec
0.5 L o
CZZPSNaClP37NaHCOSP37NaZCO3T1ZCor. o
M
S o -
L —
-0.5 -
1.0 s eand tos vl Lodoapanl Lor gl Ll Pl [ NETY T
107 10°® 107 10°® 10° 10 107 102

| (Amps/cm?)




— ¢/2/25

__,._J Cyclic Potentiostatic Test »

objective: (1 /° 7 24 . vt M —

Specimen: . D”E ‘M Z; -
R Ga2 o plide D4AX HT 2049082, 2

—r] Initial Weight: /Q ¢ f S’?/ q 5Modol: Sartorius Genius SN: 12809099 T
Final Weight: )% £5°%) 67 g cal 4 ////yg‘ Due: ///11/45" L
T SOLUTION:

— (0.SM) Wotl, $@YSg AAH 04ST1Y xd /[ —
S b Nurled, 3.8y 5 " 02898Y —_

(0:185M) Na Lo, 39.4(q " ose0ED _
7 Reagents measured with Model: OHAYS SN: 2883
Cal: ///l/ Ve Due: 9 //'I/ﬂi’ —_—
T initial pH:  §.4 2 Model: orion SN: 2330
] FinalpH: 4, 93 cAL: 7/4 l/dt/ DUE: 7/24/04” B
pH Probe: #13-620-296 SN: ‘f oL 'y q b Pl b
TEST TEMPERATURE: 4 (Y ’d Measured with Hg Thermometer SN: aq f. 10 " L
N : Cal:?/j_?/psf Due: ‘”17/0"
Counter Electrode: Platinum Flag ——
] " Reference Electrode: Fisher SCE / 3 ’éofﬂ -$72 SN: ﬂé é /) q
—] Gas: 99.999% Nitrogen T
Ecorr: — §7Yf & M V4 Model: Keithley bl ’> SN: ¢~ 39 ’)// & S
] Ept: o) ARV, Cal: (/3-7/ﬂ$' Due: /’/-4—57d.§-
T Potentiostat: |=(L v 2| 34 SN (4 )OS

Specimen Examination:

— &’WM% N

- Ao f o €22 PSNall PESSNaHCIZPIFS No2E03
— AW“ AL - M‘*J f/3 b, -




25

1.0

AR - C22 Cylinder HT # 059902LL2
Solution: 0.5M NaCl + 0.555M NaHCO3 + 0.185M Na2CO3
I 95°C 0.1667 mV/sec

05

C22P5NaCIP555NaHCO3P 185Na2CO3T13cor.cor
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Cyclic Potentiostatic Test .
Objective: cp)ﬂ An l/{?o?o( ua:« PAEnP L M

ecimen: ) DN &‘J
sp Cr il M ///‘z Dol W7 % as’f’fﬂ;f? =

Initial Weight: /¢ ,!6{/0 5 Model: Sartorius Genius SN: 12809099
Final Weight: 2, 3¢ 3/& S Cal f/ll/ﬂ.s’ Due: I/}f//f

SOLUTION:

J0M Wall 238,265 Ao o9 v
0.8m Aant  Hulg LA pd080F

Reagents measured with Model: OHAUS SN: 2883
Cal: ///34/2]5’ Due: 7//% s~
Initial pH: f”? Model: orion SN: 2330
FinalpH: 4,4/ CAL: 7/’// 4 DUE: > /4,04~
pH Probe: #13-620-296 SN: 04 s79¢ P/ b

TEST TEMPERATURE: (4 {" ¢ Measured with Hg Thermometer sN: & $§—/2 &
cal: ¥ /,( 7/; $~ Due: 9/1—7/& 2

Counter Electrode: Platinum Flag

' Reference Electrode: Fisher SCE /13-L20-53 s\ 2D 66/ 9
Gas: 99.999% Nitrogen
_Ecorr: -'JIfn/ Model: Keithley é/? sN: S8 ?6// f
Ept: 4,94 n vV cal: $7/8 /s Due: ///.i !/ds’
Potentiostat: 2~ v XG5 A SNt GL/0S

Specimen Examination:

w%ﬂ%« v 2l

\

A //A‘Q: CR92Pombfylh P35mMatt) 377
N\_ Y )
\.&\_ Al —err_@__




1.0

0.5

C22 Cylinder HT # 0599021.L2
Solution: 2.0M NaCl + 0.38M NaNO3
95°C 0.1667 mV/sec

C222POMNaCIP38MNaNQ3T14cor.cor
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Cyclic Potentiostatic Test

objective: (2P mfﬁ “é? 25 o W M—
Specimen: 7 73 ; A Al ﬂ/m hY 25

SN: 12809099

initial Weight: /.2, f.? 9';(’ SModel: Sartorius Genius
Due: 47 /// /pé’

Final Weight: /2.#£% 94 73 Cal o’////w"

SOLUTION:
Ml 35D.74 5 Lrt # 095J0Y v 2L
Waklt, 50444 Loy  0r18544
Reagents measured with ::n;de’l/c/»‘p;i_ N: :28:}/ ﬁ/ﬁ -
nitial pH:  » & 3 Model: orion sNn: 2330
Final pH: &, 4, ( caL: 7/41/0Y DUE: 2/A1/P8”

pH Probe: #13-620-296

SN: upo879L P 1L

TEST TEMPERATURE: q I 4 '& Measured with Hg Thermometer SN: ¢ 7f -/ 4 é

Cal: 4/,17/[{' Due: q/jy/ﬂé
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 13-64¢0 ~$2 SN: 2046 /1 ¢
Gas: 99.999% Nitrogen
Ecorr: =93 78 m v Model: Keithley & /7 sn: £ 3 14/) &

Ept: *.i_‘—m/ Cal: (/5,7/1/6‘ Due: 11/46‘7%(’

Potentiostat: A."Z, #ﬂ. 26 3 ﬁ

Specimen Examination:

rsmoterfle

N 46008

%M-M

At fo: 822 3Pomiict Pimuipysrscs,,

DIF fars 44%7

AT osITosLe L

,‘,,QMMM-—/.VW
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1.0
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0.5

C22 Cylinder HT # 059902LL2
Solution: 3.0M NaCl + 0.3M NaHCO3
95°C 0.1667 mV/sec

[ C223POMNaCIP3MNaHCO3T 15cor.cor
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Cyclic Potentiostatic Test ~
Objective: (120 Wﬂ" 44% 2.0 e W M
| ‘ P Hout “@‘
swocner: (42 eplndie. oo DU X s 0590800 2

Initial Weight: /a?o 3?’400 gModel: Sartorius Genius SN: 12809099
Final Weight: ) 2 3¢5 ¢ g,Ca s/ frs” Due: # /08~
SOLUTION:

Wolll 3500 LA # 945707 x 2]
Voy 80, 43.63g LA 048087

Reagents measured with Model: OHAUS SN: 2883

Cal: 1)ryq/p& Due: 7//‘///{
Initial pH: /& léai, Model: orion SN: 23320
Final pH: /0, 4~ ) caL: 7/41/0Y DUE: 7/#1/08"
pH Probe: #13-620-296 SN: ‘/”é J"/ 74, /o /(ﬂ
TEST TEMPERATURE: 6){’& Measured with Hg Thermometer SN: (@ ff"’ /”&
Cal: 4 /‘4_7/, Ve bue: 4/35/0 L
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE /5~ 4.20 A SN: g0 A 6 2/ 7
Gas: 99.999% Nitrogen
Ecor:  —4f)) M/ Model: Keithley &/ %9 sN: 53 7“//?
N / Cal: 5'/;. 7/ﬂf Due: 1/t /08~

Potentiostat: ~/0 ¥-(- 44 3.9 sNe Gl 10S

[
Specimen Examination: N
W Al -

WW/L%’&, vﬁaxu—w

Ao /i& CR3 Pmaect P37t 400 374 N

DAY A

&//3//{’
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-1.0

108
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~ 95°C 0.1667 mV/sec

C22 Cylinder HT # 059902L1 2
Solution: 3.0M NaCl + 0.3M Na2C0O3

C223POMNaCIP3MNa2CO3T16cor.
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Cyclic Potentiostatic Test

Objective: cp/ ﬁ,_h Mé 424 v(4~ W M’ﬂ,

specimen: (1, 3§ 3§ W /Q«M

Initial Weight: /., £39/F G Model: Sartorius Genius
Final Weight: /4 236 4 4 3 cal 57/njys
SOLUTION: »
Qell. 76.29 §
Waltod, AL LoV

Model: OHAUS
Cal: [//l//p{

Initial pH: 7,f7/ Model: orion
Final pH: & G § CAL: 7/4/// 4

pH Probe: #13-620-296

Reagents measured with

P0G Hore sty

Podx  rw 059904 L2 F

SN: 12809099
Due: /I/Il/”r

Loy 2OASTIY x /-

PAFTLY

SN: 2883

Due: ‘7/////ﬂf

SN: 233&
DUE: 2/di/P

SN'qpL 5190 P 10

TEST TEMPERATURE: q;’(’, Measured with Hg Thermometer SN: 64’?’/0 é

Cal: 4/4-7/&5'

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE

Gas: 99.999% Nitrogen

Ecorr: —3()(0./
Ept: -f'/ﬂs"m(/

Potentiostat: ,(:ﬁ r {‘ of& 3/9

Specimen Examination:

Model: Keithley & /%
Cal: (/j 7//5/

13-bl20 -84

Due: /I/é r/ﬂ.S’

SN: Wéé//'?

sN: 53041
Due: /V'i‘//dr

sNe L6108

el o, M,*MW

o e

At //z CAR1 POMV L Fos M 23T/ D,

b . wloibi

&//L//pg’
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1.0 ————
C22 Cylinder HT # 059902112 —
N - Solution: 1.0M NaCi + 0.05M NaHCO3
95°C 0.1667 mV/sec —_—
0.5 —
o C221POMNaCIPO5SMNaHCO3T17cor. T

-1.0
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6/9/05
Cyclic Potentiostatic Test

obiective: (%, PP ¥ pon ,,,(,K?a‘lo’L o W M
specimen: 4,4 4 %,a_\ f/,;(; Dbl % DJE %‘“d?

BT 2 05G9052L A

Initial Weight: /R, 34/234/ Model: Sartorius Genius
Final Weight: /3, 34390 q cal /i /05

SOLUTION:

SN: 12809099
Due: /I/// P

XA L

Mall. £S5 Lot E 2HST0Y
We ML, §9.39 ¢ LR 02855 Y
Reagents measured with Model: OHAUS SN: 2883
Cal: 4 //y/p:’ Due: 7 /14/ps”
Initial pH: ?-01 Mode!: orion SN: 2332
Final pH: 4, o4 CAL: >/41//ﬂ¢ DUE: 7/.41//,4’

pH Probe: #13-620-296

Noo L 5196 P /b

C98-10b

TEST TEMPERATURE: § _;"c
Due: 11/4:7;_6’

Measured with Hg Thermometer SN:

cal: y /5_7/,95’

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE 13-420-80 SN: g0 6lo )] g

Gas: 99.999% Nitrogen

Ecor: — 34 4 (/ Model: Keithley &/%7 sN: $73741 &

Ept: + |70 m(/ Cal: _C'/A?/ﬂs’ Due: "/-ir/df

Potentiostat: 470 v ,{ A 3/9 SN# é 6108 .

Specimen Examination: W AL~ M
‘f#\, AL “ L

A, %{% CRIPIMll PIMUy HI5778 20,

) W/IM

4
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1.0 L
C22 Cylinder HT # 059902LL2 —

B ™ Solution: 1.0M NaCl + 0.3M NaHCO3
95°C 0.1667 mV/sec N
0.5 —_—
C221POMNaCIP3MNaHCO3T18cor.cor o

1.0 Lol Lt 1l Lol Ll Lot I (i
10° 10°® 107 10° 10° 10* 10°
B | (Amps/cm?) T
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Cyclic Potentiostatic Test

Objective: (1 P ‘i)‘—w @g% 2 o YA AR M
Spscimen: (L4 pliden  ofts Dhty DIY et ‘M?

HT #0599 D& LL 2
Initial Weight: /od, 8&3/92 ¢  Model: Sartorius Genius SN: 12809099
Final Weight: ,2, 623/6_(3 Cal 5’//1//5’ Due: /l/ll/ﬂs’

SOLUTION:

dall.  we9s A7 o590 xd/.
lfo//dﬂj 1"o.8% ¢ Lot 058924Y

Reagents measured with Model: OHAUS SN: 2883

Cal: | //l//p( Due: 7//4/98”
initial pH: 7% & / Model: orion sN: 23370
Final pH: q, q CAL: 7/4///7 DUE: 7/.‘1//1/5'

pH Probe: #13-620-296 SN: HO A f[ 44 Vo l’
TEST TEMPERATURE: q;oa Measured with Hg Thermometer SN: d ‘i?’ /ﬂ é

Cal: 4/1«7/0{' Due: ,//4 {7[{
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE /3-6R20-SQ SN: Wéé /! q
Gas: 99.999% Nitrogen
Ecorr: = 41§ mV/ Model: Keithiey & /%) sN: 5394 18
EPt _ 368wt/ Cal: _;/iy/yf Due: 1\ )5 ope

Potentiostat: é«—Z‘__ * ;_ 24 f A sNt (o 6108
Specimen Examination: 9 e! ! ¢ M_,WLC/
AL~ L

stjath duk -

A /4@(@ s CAONLL POLMb by 5779 an,
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C221POMNaCIP66MNHCO3T 19cor.cor

€22 Cylinder HT # 059902L.L.2
" Solution: 1.0M NaCl + 0.66M NaHCO3
95°C 0.1667 mV/sec

o1 paripl
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Cyclic Potentiostatic Test

objective: (1 I , a}é; 24 . VIt M

Specimen: @ 4 5 W /a/ajt Déaf)( V)74 -&;-leé;-

MT# 05894540 A

Initial Weight: /-?. 3360 9 f Model: Sartorius Genius SN: 12809099
Final Weight: /. 3344 / g Cal 5'/// 4~ Due: ///Jr/ﬂ_(’
SOLUTION:

Wall 10833 RAEI4SEY X2
,,[,,}gpy 49.99 ¢ Lo 05808 7

Reagents measured with Model: OHAUS SN: 2883

Cal: )//‘//”." Due: 7//‘//’5,
Initial pH: 2/ 3 Model: orion SN: 2330
Final pH: )0, 9§ CAL: 7/41 /0y DUE: 2/, s~
pH Probe: #13-620-296 SN: q‘a(' y‘lq b /J /(p
TEST TEMPERATURE: 460, Measured with Hg Thermometer sN: ¢ § &~
Cal: Y /2 7/0 5 Due: /1/_!..5’/&5’
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 13-650 -§2 - SN:o D b 6// q
Gas: 99.999% Nitrogen
Ecorr: —2 5% / Model: Keithley ¢ /'7 SN: 5’37‘//?
Ept: _ 33¢ ., / Cal: _f/;z 7/4;" Due: ;, /4 "/I s

Potentiostat: & Ly 5L ¢ I ] ﬂ s\ L6 /085

.
Specimen Examination: . W

‘/\(//M

aiwihotle A

e et o i et e i e S [P 2
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1.0

0.5 -

C22 Cylinder HT # 059902LL2

95°C 0.1667 mV/sec

C221POMNaCIP33MNa2C0O3T20cor.cor

~ Solution: 1.0M NaCl + 0.33M Na2C03
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Cyclic Potentiostatic Test

Objective: ¢ p/ﬁ n o\/% A2 ,_,JW BS4/
Specimen: cj 4 %M //‘ﬁ Déa{)(

Initial Weight: /2, €24 32_ 8 Model: Sartorius Genius
Final Weight: /‘?. §304 ) 3 Cal 5’/////(

SOLUTION:

Nadly HEb.09g LA 020805 Na F
Kl  3954G 8 295523
,{/;L/,@ 3,4 Ypf 4 oysioY Aa 'y jﬂy
Reagents measured with Model: OHAUS
Cal: 4 //4///_(
Initial pH: /) 30 Model: orion

cAL: v /41/py
pH Probe: #13-620-296

Final pH: 0, g‘i

[
TEST TEMPERATURE: q Y C Measured with Hg Thermometer SN:

ca: y[2y/ps
Counter Electrode: Platinum Fiag

13-4 -5

Reference Electrode: Fisher SCE

Gas: 99.999% Nitrogen
Ecorr: —~S Y i u, (/
Ept: _ L{g(’ - './

Potentiostat: [;’6_ v J' aé ¢ 3/4

Model: Keithley 7 l’)
Cal: ¢ / 49 /p <

po Gaar bl

yrat 95990840 A

SN: 12809099
Due: /r//,//s’

x4l

2/&15 006679
OALIE 2
A/a;ddj 158.¢/

s0.0! o0%55Yb |
SN: 2883
Due: 7 //l//[(

SN: 2330
DUE: »/2//p$”
N ypLs196 P /G

¢ 98196
Due: (4 /is'/ﬂS’

sn: g6l 9

sn: 3941 8
Due: ;(/,15/‘9(

M L6105

| 6{%/&&, Qo ISt 73 o

W M«/uW
%\L AL —itr A




1.0
C22 Cylinder HT # 059902L12
B Solution: BSW
95°C 0.1667 mV/sec
0.5 -
C22BSWT21cor.cor
0
S0
w
R———
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Cyclic Potentiostatic Test

S Ins

Objective: /109 , A}? 34 o ASe . gd‘/:' M{//g -

Specimen: 612 W% /,/,‘:& Dé,i)(

Initial Weight: /3, 7308 ? % Model: Sartorius Genius
Final Weight: /_?‘ 33, (9’ 3 Cal s~ ll/ﬂ_s"

SOLUTION:

KL 395835 A 04y552

Motl 3498 g " gYEGod

7% 749 ¢
asloy 358.2/5- - —
Reagents measured with Model: QHAUS
Cal: //174//0 5—

Model: orion
CAL: 2 JAr/V
pH Probe: #13-620-296

initial pH: //a 3”
Final pH: /9, 4k

s,
TEST TEMPERATURE: q f c Measured with Hg Thermometer SN:

cal: y 117/,/ —

Counter Electrode: Platinum Flag

“ 44,559

WA 05505 LL &

SN: 12809099
Due: /I// (Y ul

x5/

gﬂéi’&??

—C990v5>

SN: 2883

Due: '7//‘1/05"

SN: 4330

OUE: 9/41/0 8~

SN: oo 194 Pl

eq8-10¢
Due: l'/é §/08"

Reference Electrode: Fisher SCE ;3 =4 3® -$2 SN: Job 6 /! 9
Gas: 99.999% Nitrogen

Ecor: — ) ) & s v Model: Keithley &/ ) sN: 39418
Ept: - 367G . / Cal: f/) Vs Due: ///.zj'/y (o
Potentiostat: AL+l 443 2 SNE LbLI10S

Specimen Examination:

W%’MM

W

dita. %L’ 1 (85 SBL NNDIH0SOY TAL L

!

AL~ L

AL Yk

/1605~



1.0

0.5 -

-1.0

C22 Cylinder HT # 059902112

Solution: BSW minus NO3 and SO4

95°C 0.1667 mV/sec

C22SBWnoNO3noS04T22cor.cor
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Cyclic Potentiostatic Test

Objective: A2 4 l/gZ? 29 ceel Vot
Specimen: 44—? %J% /4/}1& Déix

Initial Weight: /2. 326$ 9 4 Model: Sartorius Genius
Final Weight: /3,344 & £ 3 Cal f/l//p_('

SOLUTION:

honis e

box %uw‘é;

BT F 259905 LL &

SN: 12809099
Due: ﬂ,////l&"

V&M Vall ~— SFELVs  Kofw YsoH X/ _
0. 448 Mk, Loy, /09,52 g " 970958>
2 AY7m /Va/‘/ddj AN 4 - L8954

Reagents measured with Model: OHAUS

Cal: / //,'/, -
Initial pH: 4 ’ 70'1 Model: orion
Final pH: §, £.5 caL: 2/2/0y

pH Probe: #13-620-296

TEST TEMPERATURE: q !‘c Measured with Hg Thermometer SN:

Cat: /2 9/p5~

Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE )3 Gio-5 2 -

Gas: 99.999% Nitrogen

Ecor: =Y G Fu Model: Keithley &/ 7
Ept: -"z ~/ Cal: ‘(/‘{7/”_‘,
Potentiostat: L7t y £ 2 65/ SN L6108

Specimen Examination:

A /Z”& é'of"?f”fﬂ%efmmws/W/r/u'f‘ozfGTo?iwi

SN: 2883
Due: %%‘-—
SN: 2330
DUE: V/4,/00™

Noogsr I £I L

CIE-104
Due: ,,/ /£ ‘%, G

SN: ppltit T

SN: 53791 &
Due: ///.isf/lf




1.0

0.5

-1.0

10" 10" 10" 10"% 10" 10" 10°

C22 Cylinder HT # 059902LL2

95°C 0.1667 mV/sec

C22P5NaClP493Na2C0O3P247NaHCO3T23.cor

Solution: 0.5M NaCl + 0.493M Na2CO3 + 0.247M NaHCO3

108

107 10° 10°
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10* 10° 102 ___
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Cyclic Potentiostatic Test

Objective: C/Oﬂ I A2 o W

Specimen: e R L ey/&ﬂ%f—» //AZ: Déoé)( oy %ﬂ/%
WT 8y 8 frite 2

nitial Weight: /28, 33780 4 GModet: Sartorius Genius SN: 12809099

Final Weight: /% %4 ,zfﬂcal !'////ds" Due: ///l/ﬂS'-

SOLUTION:

oM Miel 16904 Ldte 24850y
457 ﬂ/a/,ldﬂj Fvse§ ’ 09! 55 2

Reagents measured with Model: OHAUS SN: 2883

Cal: 1/rq/0¢c Due: 7//q/a<’
Initial pH: 7+ 7§ Model: orion SN: £33%70
Final pH: 7 /// CAL: >/.;! //I v4 DUE: 7/44/; "
' pH Probe: #13-620-296 SN: ‘/U b <7 4& ,0 ] (/
/]
TEST TEMPERATURE: q S (2. Measured with Hg Thermometer SN: 295 —/0 (=
Cal: (,//27/”{ Due: /)/L{/gs’
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE )3 =40 -5 SN: Z2D447)9
Gas: 99.999% Nitrogen
Ecorr: — 3¢ §ms” Model: Keithley /, /7 sN: 30418
Ept: L '(ﬁ_g_m/ Cal: f/-‘l 7/&5“ Due: /I/J 5’/” ¢
Potentiostat: £-¢~ v 2L & gﬂ SN# é bros~

/ /,» /4% Tt
1. ﬁé CL21PoM OO PENLNEDITEY. bon

arhs

B/
Yl
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o 1.0 o
— I~
C22 Cylinder HT # 059902LL.2 -
— Solution: 1.0M NaCl + 0.5M NaHCO3
0.5 |- 95°C 0.1667 mV/sec —
a _ C221PONaCIPSNaHCO3T24.cor —
i)
S op— |
T w L
05 ~

-1.0
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Cyclic Potentiostatic Test

¢/32/08

Objective: t//,//h 1 %; ;‘ 3 & \_,(:w W M‘/’»

sweemen: (43 spebonde. @l DoAY

Initial Weight: /.2, £20.79  $Model: Sartorius Genius
Final Weight: , 3, fﬁﬂ‘{'% ?Cal 5—7,,/0(

207 ot by

T #059925 10 4

SN: 12809099
Due: /I////ﬂ e

SN: 2883

Due: '7//‘//p‘
SN: 2330

SOLUTION:

)om #al & SEYbg LAz 095G/
owvayqm Motko, 2o g " Y1544
0o Stum Megts, GA g 1 0437

Reagents measured with Model: OHAUS

Cal: ’/l‘//ds’
Initial pH: q;l/ﬂ Model: orion
FinalpH: G, (, 9 cAL: 3/4,/0y

pH Probe: #13-620-296

TEST TEMPERATURE: 4§ ‘c Measured with Hg Thermometer SN:

Cal: of/a5/05~
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE /3= 30 -5
Gas: 99.999% Nitrogen
Ecorr: -'{7 (m \/
ot 55 mi/

Model: Keithley é {7
Cal: 5’/{_7/4_(

Potentiostat: /=2 A AL§H

Specimen Examination:

s\t Lb)oC

W%%WJ)WMM

DUE: 7/4://1’
SNy 5196 Plb

CI8-19¢
Due: , ’/Z ﬁ//ﬂ ¢

sN: g0 b6 ?

smA;E:¥%E~‘%%“kA§

Due: //&f/pr

,%%vﬁ;K»e(/%uw¢wv055§2£$

A /& CLI PSH L P95 pa KD SPb54 /Vﬂqf/ﬂjzzf

Y o

s/I45 0



S 0.5 -

|
E (Volts)
o

-1.0

C22 Cylinder HT # 059902LL2

Solution: 0.5M NaCl + 0.444M NaHCO3 + 296M Na2CO3

95°C 0.1667 mV/sec

C22P5NaCIP444NaHCO3P296Na2C0O3T25.cor -

10" 10™ 10" 10" 10" 10" 10° 10°® 107 10° 10° 10* 10° 107

| (Amps/cm?)
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6/31ps”

ovjective: (7 40 4 A/J?c Vf'é‘:;“eﬁtm};:ﬂ : %ﬂ ﬂ?

Specimen: dzi W&\__ W /.)éat)[ /}—/ﬁ ﬂf/?ﬂjl—b

Initiat Weight: /87278 2/ Hmodet: sartorius Genius SN: 12809099
Final Weight: L7, 3/& O } Cal f/”/ﬂ.{" Due: //7;/// N
SOLUTION:
0.2 Moyl 294 9 "7 ”/"/’Z
o 4
ol m Martig PG o
R ts d with Model: OHAU SN: 2883
eagents measurea wi c:l: .I//V ﬂ\s— B 7//%‘
initial pH: &, 8 & Model: orion sN: 2330
Final pH: G, (, 9 cAL: >/ /04 DUE: 2/2 /08~
PH Probe: #13-620-296 ‘ SN: ypy 79 P/l
TEST TEMPERATURE: q { 2 Measured with Hg Thermometer SN: d ff -/ 4 &
Cal: q/ﬁ >/ﬂ el Due: I//J!’//_{'
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 15637 Sl - SN: /2 &eé // ?
Gas: 99.999% Nitrogen
Ecom: =444 m V/ Model: Keithley & / ° SN: $73041&
ot —yy, Cat: §/47 Jo ¢ Due: 1)1 70~

Potentiostat: t’Zi v—d, I A 3 ﬂ SN L0 /OS5
Specimen Examination:
W/Vﬂa///& (g2t

W/%WWZ

A 5T %ﬂ S BRI L L 45y NeHLDS PR b Mid 03

nd

Gt )
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1.0

e C22 Cylinder HT # 059902LL2
Solution: 0.5M NaCl + 0.494M NaHCO3 + 0.246M Na2C03

95°C 0.167 mV/sec
0.5 -

e ~ C22P5NaCiP494NaHCO3P246Na2CO3T26.cor

1.0 T N T A R TTIT E EETrT E E R T ratinl oy g

o 10° 10°® 107 10 10° 10+ 10° . 102
| (Amps/cm?)
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Cyclic Potentiostatic Test W
Objective: 7 Jo % AL o, VONARD

po oot s
Specimen: (, 4k 7&4« 2l Dbty e 28GRI A

Initial Weight: /2, £/$¢ S~ gModel: Sartorius Genius SN: 12809099
Final Weight: /2» 3)7})4 ;Cal {////A;’ Due: //// X

SOLUTION:

. Mote, SESD $ LV #Oycboy 2 AL~
0,514 May g, Yy £ 94 970437

:J’if/l/a,/ﬂ’d L. f s oy 18520
HAU

Reagents measured with Model: SN: 2883

Cal: ///‘/f i Due: 7 /‘///f
—— 3 Model: orion sN: 2 337
FinstpH: G, 8% CAL: 2/2,/0 DUE: =/41//5~

PH Probe: #13.620-296 SN: yyp 5796 P L
TEST TEMPERATURE: (f % Measured with Hg Thermometer SN: ¢ §5 ~/0 (»

q c Cal: q/,17 X Due: u/.tdmr'

Counter Electrode: Platinum Flag ‘
Reference Electrode: Fisher SCE /3450 -8 2" sN: JOGL 1/ 7
Gas: 99.999% Nitrogen
Ecom: ~ Y2l w t/ Model: Keithiey 4 /) sn 53729/ 8
Ept: (o wt/ Cal: (/)7//( Due: ﬂ/,i_s ’/ﬂ_s’

Potentiostat: A,Zfﬂ A éfﬂ SN L 0/0S

m Aot 6%’ U AAPE N PYGY VaHCOS PR LN 2CP3T 2D Co

R &Q Wmé#év

g
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1.0 —

C22 Cylinder HT # 059902LL2
Solution: 0.5M NaCl + 0.212M Na2CO3 + 0.528M NaHCO3 N
- 95°C 0.1667 mV/sec

o 0.5 - ——

C22P5NaCIP494NaHCO3P246Na2C03T27.cor

E (Volts)
|

05 T

-1.0
10" 10™ 10" 10" 10" 10" 10° 10® 107 10° 10° 10* 10° 102

| (Amps/cm?)

U —
[ UV S,

NN



6/33/25

Cyclic Potentiostatic Test

Objective: 6'//0&1« ‘,&%0?.2 e W %
DNE
Specimen: @ 4 4 W m D& X W2 25 G90.7LL L

initiat Weight: /2, £ 083 §Modet: Sartorius Genius SN: 12609099
Final Weight. /3, £/ /13 g, Ca Shijrs Due: 72/00/0 8~

SOLUTION: jsv fl/j Mﬂ ﬂ ‘/ 3’ 7 9 ‘/

xZ2/-
3.0mM Hall P,

0,057 Mokt 45 1EG
Reagents measured with Model: OHA SN: 2683
cat: 1/,9/0¢ Due: 3 /)4/ U<
initiat pH: s 4/ Modet: orion sN: 2332
Final pH: @, 04/ cAL: >/31,/0 DUE: 2+ /08

pH Probe: #13-620-296

SN: ypls79e 10

TEST TEMPERATURE: 9.8 7" Measured with Hg Thermometer sN: £ 7 &~/ Z

cal: 4 J45/08 oue: 1/AFIL
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE / 4430 -5 SN: Méé // 7
Gas: 99.999% Nitrogen
Ecom: — 30D W U/ Model: Keithiey (5 / *) s 53V E
Ept: _ ER (/ Cal: {/4)/4{ Due: /p/"—/lJ—

Potentiostat: = £2 o A 2z32 ﬂ

Specimen Examination:

et
w?"( N

ﬂ/ﬂfﬂ/&éz: cusmmwﬂ/ A/,,,ij:aﬁ

M 46 /0S




1.0

C22 Cylinder HT # 059902LL2
Solution: 3.0M NaCl + 0.15M NaHCO3
95°C 0.1667 mV/sec

0.5 -

C223PONaCIP15NaHC0328.cor

E (Volts)
o

-0.5 |-

1.0 el Lt vododd Lol Lo arnd ol [N EE

10 10°® 107 10° 10 10 103 102 ——
| (Amps/cm?) —

i




Objective: C’// I ‘/é SE o, AR

Cyclic Potentiostatic Test

oLt

g —

2E fere 2

Specimen: (1, 4 4 W /j,/'& DU X /,xr,fﬂ(ﬂﬂf‘ L& o

Initial Weight: /& , §0& 33 $Model: Sartorius Genius
Final Weight: /2,804 £, Cl Shy /o 5=

SN: 12
Due: 2/7//?$

SOLUTION: L
pom  Mete 16925 prt w0955 2 VL
suiam dircl,  eailg " OV Nl el
0. 840M  #eylDy st 4l g “ 990437 4 #0349 %1
Reagents measured with Model: OHA SN: 2883 —
ady Cal: /7 //4' rs~ Due: 7//4/15’
initiat p: 4072 =2 485> Modet: orion sN: 2330 o

Final pH:

6>
TEST TEMPERATURE: 7{2

Counter Electrode: Platinum Flag
Referance Electrode: Fisher SCE
Gas: 99.999% Nitrogen

Ecomr: - 32 é ~ V

Bt )67 /

Potentiostat: é'—ﬂf ot 2 63/

Specimen Examination:
<

caL: >/Ay/7Y

pH Probe: #13-620-296

Measured with Hg Thefmometor SN:
cat: 4 [47/08~

13-4 50-5 2

Model: Keithley bl ,)
cat: 574728

sne po/08

puE: 74/ 7S
SN: 4O ¢57 e

/0 b
Di:q;f"/—‘ s

SN: Wéé// 7

sl e

o £32H8E
Due: /4/0137’5,



1.0 —
C22 Cylinder HT # 059902LL2
Solution: 1.0M NaCl + 0.494M NaHCO3 + 0.246M Na2CO3 o
L 95°C 0.1667 mV/sec
C221PONaCIP494NaHCO3P246Na2C03T29.cor T
0.5 - .
E\ [,
S 0
m ______
05 + [
1.0 Lol Loty [l Ll Lol bl R I
10° 10 107 10 10°° 10" 10° 1072

| (Amps/cm?)

b




Cyclic Potentiostatic Test

oot (AP sty 34 i N pmTot
speine: a2 bt oMl Diiy

Initial Weight: /o), .5 t/ £ GModel: Sartorius Genius

Final Welght: 45, @) 5 o $ Cal 4/~

SOLUTION:

oM MLl 223514  LFeoisiod
O:44Ym Halt2, £3.40 4 ISR A
2.54LM A/A}dﬁ’ o -1/ 4 " 9904% 5

Reagents measured with Model: OHAUS

«d,
Initial pH: FF1 ~—> 752
Final pH: q N,

TEST TEMPERATURE: 4 (”c

Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE

Gas: 99.999% Nitrogen
Ecomr: =YY q MV

Bt + 9o/

Potentiostat: £ L v £ 24 5 A

Specimen Examination:

e

3 %j,; CQA32PONall PYq o Mol O Pl Mo & Lo3T 30, e

Cal: ,/,,'/‘,‘—

Model: orion

CAL: ) /4,// o/

pH Probe: #13-620-296

Measured with Hg Thirmometor SN:
cat ul27/ps

)3-430-S2

Model: Keithiey & )7

Cal: _r/y;/p(

sne LbI0S

pAutle

Iy

/2805

w;%qdé;

M £ 95957800 H_

SN: 12809099
Due: /,, il

xa L.
ad( p B
18.6¢ Mot¥ 2233374

SN: 2883
Due: 3/r/ps”

sN: £330
DUE: 2 /4//0
N:upL 196 P ILb

Cqif-106
Due: u/,'),;‘yﬂé

SN gplil T

sN: 37416
Due: ,0/56/9 s
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1.0 —
- C22 Cylinder HT # 059902LL2
Solution: 2.0M NaCl + 0.494M NaHCO3 + 0.246M Na2CO3 B
05 95°C 0.1667 mV/sec
- C222P0NaClP494NaHCO3P246Na2C0O3T30.cor %-/ —
[72]
S o — -
m v ar—
-0.5 - ES .
-1.0 Lot ol v 3 soel ool oowd coned csvvowl ol oo o ol ol 1o e
10" 10™ 10™ 102 10" 10" 10° 10® 107 10® 10° 10* 102
| (Amps/cm?)
o Hgm]@( R



6/ os”
Cyclic Potentiostatic Test

Objective: crr “ 4[&2;.‘[ % W M

Specimen: A 3 2 7/@/\/66\, ﬂ—/ﬁ:&/ DA x bo¥ % é
P72 0675902 L1 &

Initial Weight: /2, 3/ & 3 gModelz Sartorius Genius SN: 12809099
Final Weight: /Qo .Y 1\{ 4 5’031 Ly I//p( Due: /1 /u/y("
SOLUTION: seod L
pam Hetl 2335 AF¥ 0UcGay i g H o) 65 MV
o49lm Maeo,  Flusg " od1cad e 038954
0346 Na,ly, 52, ,105_ ” 7904 4>
Reagents measured wit Model: OHAUS SN: 2883
~Cal: ///l/ o Due: I‘/ﬂ-‘
Initiat pH: 9, 0 ;—4@ Model: orion SN:2 330
Final pH: 4, 3 9-56  cAL: ‘7/4’/”‘/ DUE: 7/3 //0_(’
% pH Probe: #13-620-296 SN: (190 P (L
TEST TEMPERATURE: q 5-2 Measured with Hg Thermometer SN: Cp q 9 -10 &
Cak: \«)[1 7/”5’ Due: n/)_s"/ﬁ L
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE 43—, 0 -42 sN: M7 Lél! 7
Gas: 99.999% Nitrogen
Ecom: —345 a4l Model: Keithley (o | 7 sn: $°324/ 9
Ept -34% a0 Cal: 5’/_},%( Due: 10/.{(/0
Potentiostat: &L +L  J4, 45/ sve 661087

Specimen Examination "t % A IA

Mﬁ/ﬂ M\m

MZ%)&, LA PANLLL Pudd balCUsPaL L 2803 T B o
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e/

1.0
| C22 Cylinder HT # 059902112
Solution: 0.2M NaCl + 0.494M NaHCO3 + 0.246M Na2C03
95°C 0.1667 mV/sec
0.5 -
™ C22P2NaClP494NaHCO3P246Na2C03T31.co
s i
2 -
L
-0.5 -
1.0 Lol gl vl gl NI A N R BN I W NIt
10° 10°® 107 10° 10° 10* 10°

| (Amps/cm?)

102
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Cyclic Potentiostatic Test

Objective: (2 . njéy X e W W

Specimen: dj:\) (47@,//0__\ /J,/A‘It Déi)( PoE MW
W7 # p5G505443

Initial Weight: /os D74 F4/ ¢ Modet: Sartorius Genius SN: 12809099
Final Weight:/‘?. ) q 4ﬂ Cal 5’//:/” ‘—-f Due: /t/71, s
SOLUTION: ¥
Ol Mall 10285 LR OYSG0Y ]
p.2lbm Mald, shEl g P40u57
0. N4um putedy,  £5.70 g ' sNhsas
Reagents measured with Model: OHAUS SN: 2883
Cal: s /ryly s Due: > /}e//p (—
initiat pH: 9135~ Model: orion sN: 4330
Final pH: ], £, CAL: >/Ai/py DUE: /41/sg
pH Probe: #13-620-296 SN: Y 4’ 19 Al
TEST TEMPERATURE: q 6” (! Measured with Hg Thermometer SN: C485-/10l
Cal: y | 27/05” Due: v /3s7/0 4

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE )3 ~440 - 5, v JaNt sN: pob b/ 9
Gas: 99.999% Nitrogen
Ecom: - 3984 Modet: Keithiey 6 /7 sN: $3)/€

- Eptt ~llLo. l/ Cal: 5’/17/&;’ Due: /I/{ 5%05’
Potentiostat: £ (F-¥/A- 26 3/9 sNe L4105

Specimen Examinaic::&}ﬁ /W WW%/%&
Al %/& 0250 18p Ly P 40 10 3P 34LHL ZEOIT 330

I Mo A

/)///A:(’



b3
@3

1.0
C22 Cylinder HT # 059902LL2
~ Solution: 0.1M NaCl + 0.494M NaHCO3 + 0.246M Na2CO3
95°C 0.1667 mV/sec
0.5 -
- i C22P 1NaCIP494NaHCO3P246Na2C0O3T33.cor
)
S0 7
wl
-0.5
1.0 Lu cvvomd v vpal il eeond 3o s o

10" 10" 10" 102 10" 10" 10° 10°®

| (Amps/cm?)

107 10° 10° 10* 10° 102
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5/t oS

Cyclic Potentiostatic Test

Objective: @/.9/3 o Méz Pr, o . M’(’L

Specimen: aa?o? %p&b\, f/pfi D[loi)(

initial Weight: /2,32 5.5'3

Final Weight: /2 30 8 97 Cal 5/

TEST TEMPERATURE: 44 On

Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE
Gas: 99.999% Nitrogen

Ecorr: ~ & B - 1/

Ept: _ 3 O l/

Potentiostat: £ (I V—ﬂ 2035 /4

g ot folar -

Specimen Exammatlon

Dﬁz”&uw‘&y

HT &2 05997400 A

SN: 12809099
Due: ﬂ//l/ﬂ_s_—

Model Sarto |us Genius

SOLUTION: . /YOGy

0 5M Walls {5"'/75 ol ;;ﬂzz,}‘/ ol L
Adem payld, SHdl G
Vidut pptoy,  EP g g4lsA2
Reagents measured with Model: OHAUS SN: 2883

Cal: ,/;://,5” Due: 7//5/{2{'

Initial pH: 4"1?/ Model: orion sN: 23320
FinalpH: @ &) cAL: 2 /2t/oy DUE: »/21/ s

pH Probe: #13-620-296

SN Yp LSI1GL P b

Measured with Hg Thermometer SN: 79 /0 A

Cat: 4)27/;}; Due: "/.3.5’/’
1$-L50 -8 - s\ sr0bC1 G
Model: Keithiey (& /%) sn: 53048

Due: ///; 5//& &

Cal: ;/_2 7/;;
sne 66/0S

WWW

st aptabad %ﬁ«ﬁ%

Jie fLe CARPSMALLPAGH MO P31 N zws 732 am_

<> S
N
4 o~

MMJ%VOQ;// Y

—



1.0

C22 Cylinder HT # 059902LL2

~  Solution: 0.5M NaCl + 0.246M Na2CO3 + 0.494M NaHCOQ3
95°C 0.1667 mV/sec

— /1

7/4/0(

C22P5NaCiP494NaHC 03P246Na2C0O3T32.cor

E (Volts)
o

—_— ol

10" 10™ 10 102 10" 1070 10° 40 107 10°

— | (Amps/cm?) / /KL«
- /! (

10° 10%

[\ Y/
t ,’ ’ I -
/I[M/ﬁ\z (/} ,7//7/;75
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Cyclic Potentiostatic Test R W
Objective: * 00 ‘jé AL . vAT2

Specimen: (142 ' Gle DbAX 20w baar "’Lé7

HT # 96 9808LL A

- Initial Weight: /s 27737 Gmodel: Sartorius Genius sn 12
Final Weight: )9, 47> ¢// } Cal 5—/,;7;} 3/ /A(
— SOLUTION:

. 0am ML 23985 LA oS X2/
0.496M NayCo, 6226 4 " 450437

. Vo 1// S
0494m e iy 3.0 3 <
— Reagents measured with Model: OHAUS SN: 2883
Cal: ,/,.(/ps-' Due: ') ,9/(
— intat ph: 4+ 3D (m" «d{ ) Moget: orion sN: 2330
L Final pH: ] 1, ) CAL: 3/.11/05/ DUE: v /4, /p¢
pH Probe: #13-620-206 N: LT 9L PIb
o TEST TEMPERATURE: Measured with Hg Thermometer SN: (7. 4 £/ [
L qu‘ Cal: q/_,;//_( Due: ;0 JLsTpL
Counter Electrode: Platinum Flag o
N Reference Electrode: Fisher SCE 13620 =52" SN: JD4 ¢4/ 7
- Gas: 99.999% Nitrogen
Ecom: 432 . V' Model: Keithiey (b ) 7 N 53)40 8
S Ept: _ 4S'MV Cal: 5//027/ﬂ$— Due: /0/’137//5’

—_— Potentiostat: [_’4—*“'; ol & 5/9 SN# é é /0 5

_ Specimen Examlnatlon W M f/’&

- W/%WM

B S, 022 MLl PAIY o0 3 1R Hest0 3731 2
el %/& 4

: St J oA

V.4



D(

7Y

1.0 ——
—_— L C22 Cylinder HT # 0599 7/13/8

Solution: 0.2M NaC! + ¢ aHCO3 + 0.296M Na2C03 —_—

_— 95°C  0.1667 mV/sec —
0.5 / .
- A %Iqb - o
" (322/1PnaClP494NaHCO3'I/:" a2C0O3T34.cor \> N
S o —
L ——
L -0.5 - o
-1.0 L_LLLLUIL_J_LJJJML__J_HIHH‘ Lavul v v aovrod vt 1wl g cool vl el -

107° 10™ 10™ 102 10" 1010 10° 10 107 10° 10% 10* 103 102
| (Amps/cm?)
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- b

Cyglic Potentlostatic Test

Objective: /7 // An ’("2 NI (e dasa )
Specimen: /1 4 02 %ﬁd/\ /}M Dbotx LPIE %«.J a,l&?, )
W # p59903LL A
Initial Weight: /o2, £ 957 &> GModei: Sartorius Genius SN: 12809099 S
Final Weight: ) 1 39 gas 99‘(:# 5////1( Due: //// /X
- SOLUTION:
10N Jorl 16,85 5 LA 2 STy %3/ L
0.3%um Myl 64494 780Y3 2 '
0 4Um gatpts, £3.964 291522
—_— Reagents measured with I(V:I:'dol OHAUS g:. :2883 I//_‘z /y(, —_—
E— initial pH: 4,4 | ‘“%) 4, 5 Modei: orion /‘?/95’ 7//5/9 SN: 2332 ‘7?”/‘;
Final pH: 3, of G caL: 7/4,/py DUE: 7/4, /ps—
— pH Probe: #13-620-296 SN: g/ﬂ&f/fé Pl }
- TEST TEMPERATURE: Measured with Hg Thermometer SN: 7(9 A '
L 4{05 Cal: q/;',/p_g" Due: "/46’/0L e
Counter Electrode: Platinum Fiag
S Reference Electrode: Fisher SCE /3 =/, 39~ 623 N g i/ 9
Gas: 99.999% Nitrogen -
- Ecom: — 3820 A,/ Model: Keithley & /7 sN: £3))8
_ Ept —>p N Cal: _‘71 7/’( Due: /”/3$7ﬂ5’ —

- Potentiostat: £ (L w L 44,5/ sne L6108 .

- Specimen Examlnatloni 7 4 // WZ & ——
WAy Py
- cpetihed for ZMA —

T Al }ﬁé LARIPON PPN OO PR 1h Mo AlPS T ST b~

JA= %%/, S |
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S 1.0 [ -

C22 Cylinder HT # 0599820
05 Solution: 1.0M NaCl +{0.494M NafiICO3 + 0.296M Na2CO3
95°C 0.1667 mV/sec

C221PONaClP494NaHCO3P296Na2C0O3T35.cor

E (Volts)
o

-0.5 |- - —
1.0 Ll il ol AN AT R AT S R —
107 10™ 10" 10 10" 10" 10° 10° 107 10° 10° 10* 10° 102

| (Amps/cm?)

j WJ e\ %WM

Aot b paiy "V s

Lﬁ_&w‘,_ééf.agh) 2.4 Y|

h <
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Cyclic Potentiostatic Test

et (Vf . SAHH X ppof v D —
e OF gl Pldx BT Yooty

AT # 959905 2 o

initial weight: 4, 2£9 5 5 Model: Sartorius Genius SN: 12809099
9.2
Final Weight: /59, 28835 Z—‘ Cal 3"/, /2. Due: //////IS" _—

SOLUTION: > L
- eSOy 2K, 0 H2.3¢ 2 0 34&
4&6 9. )>;, 2 045904 57 5 §64 0P 2 ‘

_ AV £
Moil, Steo g 020809 ize{ 33: ;Ifép i
— Mz, S2, /V/?7} 045Ye/ ad; . pH W53 —> )9 o) M S0 .

Reagents measured with Model: OHAS SN: 2883 ’/ -;/ 2L
wYPn, : uor";&%ﬁ—— ’779.'967,

Cal: 7

- 7/18/°S
initial pH: /,9 & Mode!: orion /I-f/ﬂs‘ L/, sN: 2330 W
_— Final pH: a?; 42 CAL: 7/4//4(’0‘/ WA DUE: v/,{//,r Q//S/" () i
PH Probe: #13-620-296 SN: l‘{ﬁb Y, q é P 1L

TEST TEMPERATURE: 4{ ?/ Measured with Hg ThermometersN: 09 §—/0 -
Cal: q[,l;-; s Due: 11 /26" /p4

Counter Electrode: Platinum Fiag -

Reforence Electrode: Fisher SCE /5 ./éafg -5.2" SN: SO 66/ ? B
- Gas: 99.999% Nitrogen

Ecor: —=R/5 m U/ Model: Keithiey & 17 sn: £87) 418 E
- Ept: 4 3 347/ “/ Cal: _(/,1)//5-' Due: /l/é:/ps" ’

- Potentiostat: £7~ Y’é" o’ é .;/9 SN 44 /0 s~

Specimen Examination:

B e
— cuplcded o At -

_ Ate /ié £24 SAWph LPOT 86, éom o

— ke

s

{
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1.0

0.5

E (Volts)
o

C22 Cylinder HT # 059902LL2
Solution: SAW @ pH 2.0
-0.5 - 95°C 0.1667 mV/sec

C22SAWpPh2P0T36.cor

5

10" 10™ 10" 10" 10" 10™ 10° 10° 107 10° 10° 10* 10° 107

| (Amps/cm?) / /

ﬁ% % = //F/ﬁS’
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Cyclic Potentiostatic Test

-

DVE @arw%;»

YT g 059505LL a

obiective:  L7F g b&(o}.ﬂ R

Specimen: (',éoz %ﬁ(/’v ‘-\«M Déoi)(

Initial Weight: /0712 ;' '5'3‘3 ?‘Model: Sartorius Genius SN: 12809099
Final Weight: /2 R =214 ? cal (/,/p;—- Due: r/////p e
SOLUTION:
oMkl edls Ler ROASHY X g
ahigm Nele, d>> ¢ 07 g 430
o yvd s, ot oY1532.

Reagents measured with Model: OHAUS SN: 2883
Cal-.,tz‘,‘%:; Duo:-M-F
Iﬁé/aé ﬂ’)’”’l

Initial pH: ¢ 3( Model: ori 7/I‘W~’i—v sN: X330
Final pH: 3, 54, cas: 2L/ (7,7;;,',—) DUE: 7/41/78~ <7/,g/°;) —
pH Probe: #13-620-296 SN: 4ﬂ(’\;«14 L P 0

TEST TEMPERATURE: G 8, weasured with Hg Thermometer sN: (! §& /06
c
cal: 4[49/05 oue: /35706

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE / 5- bl ~Se v s\ JD 6/ 7
Gas: 99.999% Nitrogen

Ecor: — 20 l/ . / Model: Keithley ‘ ) ') sn: 4 3D ’// ﬂ
Bt =337,/ Ny Due: ,0/4S7 /05"

Potentiostat: L7x P/, 07 ¢35 A sne 46 /28~ ]

Specimen Examination:

W«M/ %%E |

Ak ol es PO 0 20 W 2LD P4 P HOIS T e ———

U

N\, [

TV 3 )iehs—




1.0

C22 Cylinder HT # 059902112
Solution: 1.0M NaCl + 0.296M Na2CO3 + 0.444M Na
95°C 0.1667 mV/sec

HCO3

21,0 Crvvwd cevd v el ol s vl el 1o

wl o

10" 10" 10™ 10" 107" 10" 10° 10° 107 10°

| (Amps/cm?)

10° 10*

0.5
:‘@ C221P0ONaCIP296Na2C03P444NaHCO3T37.cor
S 0
(1]
05 L

103

10
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e NS
Cyclic Potentiostatic Test —_—

- Objective: 6 // yy :é 4 oz v“; . Z . : -

- specimen: (0 2 00 M M DbAX Y ra %«4441@» o

W # 0§99044L 2

Initial Weight: /07: 7?9’3 > ?» Model: Sartorius Genius SN: 12809099 —_—

Final Weight: (0.5 9090 } Cal 5’// //( Due: ////// (X

SOLUTION:

x AL
— oM ALl 231035 K BASFH //a//AW .
— L.yaaercs, b0y 0 271622 J,(y,mssqoot

Reagents measured with Model: OHAU SN: 2883
- o Cat </,4/08 Due: / /,,1 /, A :
inttial pH: £,4 § —> 4. /% Model: orion SN: of 330 1
Final pH: 7, 4 6= CAL: 7/ASTp < DuE: »/15/04 i
' pH Probe: #13-620-296 SN: Yol 8 /4 ¢ Al b ;
0
TEST TEMPERATURE: Measured with Hg Thermometer SN: (L 78—/ o
q(c Cal: "I7.17 /g Due: n /As‘// & _—
_— Counter Electrode: Platinum Flag 3
Reference Electrode: Fisher SCE /3 —480 -5 o B SN: 20 é 6/ 7
Gas: 99.999% Nitrogen ‘ —_—
— Ecor: =~ 342 m V' Model: Keitnley &/ 7 sN: S$3 24 ¢ ‘
Eot -4¢,. Cal: 5%7/45-' Due: /%_(’”5-— T}

Potentiostat: A7% )"ﬁ'—' Al 37 sne bl!O s EE— ‘:

I 7 /L& C303 PONLL FATLM, 4005 PUNY Mo, 03T SE, tor
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1.0

C22 Cylinder HT # 059902LL2

0.5 | Solution: 2.0M NaCl + 0.444M NaHCO3 + 0.296M Na2CO03
95°C 0.1667 mV/sec

C222P0NaCIP296Na2C03P444NaHCO3T38.cor

-1.0
10" 10" 10" 102 10" 10" 10° 10® 107 10° 105 10* 102 102 10"

I (Amps/cm?)
Pl
[t

\
W‘% Lpofps”
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— 2dyos

Cyclic Potentiostatic Test -
- Objective: Gf"/% a)%y Rl W %
xr %

- Specimen: cd,? WL\ F//I Déo{x ”7/* ﬂ(’ffjlé o}

Initial Weight: /o?, )£5%5]) 4 Model: Sartorius Genius SN: 128
- Final Weigght: /:I pfjrj ;} Cal 5’/5%&5—' Dus: /;7,25-—
S SOLUTION: X aZL

DAM Mall 23585 Lot # 04550y

LT

| Q.05 % ady
Reagents measured with Model: OHAUS SN: 2883 )
Cal: 7/,(.,?/&4—- Due: I//-l/ﬂ s
—_— initial pH; 713 9 Model: orion SN: 2 350
' Final pH: ¢/ 9 CAL: Y4 (/p.r' DuE: ZA//é
— pH Probe: #13-620-296 SN: Yot Py 84 /! L
— TEST TEMPERATURE: qg’a Measured with Hg Thermometer SN: (¢ 77~ /2 #
Cal: ¢ /4 /08 Due: # /.Lsféc

Counter Electrode: Platinum Fiag

- Reference Electrode: Fisher SCE /3 =600 -5 SN: Méé// 7
Gas: 99.999% Nitrogen
Ecom: ~4ePmV Model: Keithiey 5/ 7 v §304/8
Bt - 354 ) Cat: ¢33 Due: ,0/457/ss~

Frssama R el o B o o 3 .

Potentiostat: b’a. 3‘% o’{ 4 j A SNE é /0 r

_ Specimen Examlnatio‘n: ) | JW »
A /é& PSP ITIMILIIP IS MM ST S b o

\

WG i




77

1.0
C22 Cylinder HT # 059902112
Solution: 0.2M NaCl + 0.444M NaHCO3 + 0.296M Na2CO3
95°C 0.1667 mV/sec
0.5 -
- i C22P2NaCIP296Na2CO3P444NaHCO3T39.cor
£
g 0 B
w
-0.5 -
-1.0 I W R ST RTINS R T RSN
10° 10° 107 10° 10° 10* 10° 102

| (Amps/cm?)
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V22

Cyclic Potentiostatic Test <
Objective: 7 /0 he 2 é@ 2 e AV Prrpt %Z‘/ﬁzﬁ\,
| : Y4 M@
Spramer &2 ‘7&“4‘” plte DAY HT# 05GI0LLL 2

Initial Weight: /.?, 7, 3.2/ Model: Sartorius Genius SN: 1280909
Final Weight: A o?' 7 é 5«3 Z Ccal §, /‘//ﬂ( Due: /IZ(I) e
SOLUTION: % § (. /”5 s, M0 L2031l q L' #398/¢

Wall §9.04 g LA ZNSP2Y 0 N g p88g Y PEL0FL
Nasly SHCLg Loy »020829 é ’)4 * B.5G g LoV £09455 D

Ak 59 0 89 5 Lo » 2357457 4014‘ 4 H%d 6/6’{5'4/

éeagents measured with Model: QHAYUS _ SN: 2883

iy cat: 7/ia/o¢ Duo:///;/,¢
Initial pH:4{, 90 ——$ 2 1A Model: orion sN: 2430
Finsl pH: o 4 CAL: '7/.!!/0: DUE: 7/.!5/04

' pH Probe: #13-620-296 SN: 4L ST 94 £l L
TEST TEMPERATURE: 41 Measured with Hg Thermometer sN: (.95~ /0 &
q5c Cal: y )_27 os Due: »!/4!70&

Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE ] 3 ‘é,}ﬂ ".S:f . SN: Mé /i ?
Gas: 89.999% Nitrogen
Ecom: =305 al Model: Keithley (s )7 SN: £ 5 Qz//f
Bt v+ 38 ml/ Cal: f/‘(‘;//‘l‘-' Due: /0/1(//5/
Potentiostat: ;=1 s 4. 23 / sne Lb )08

smm:z;; % _ %Mu PPN W 222
i cophbed fh oo

A fle; 023 50/pL 2POTHD, bom

ya|

v 7 /M/As"



C22 Cylinder HT # 059902LL2
Solution: Simulated Acidified Water @ pH 2.0
0.5 — g5°C 0.1667 mvisec

E (Volts)

N C22SAWph2P0T40.cor
0
0.5 byl gl to gl [N o1yl L1 b gty
10° 10° 107 10° 10° 10" 10°

| (Amps/cm?)

v \\777

1 [ \
it

L I/
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Cyclic Potentiostatic Test «

Objective: c /)ﬂ o

,Zij;vW

Specimen: 4 £ 4 5 6’ A /&/ﬂ:& ,Déé)(

Initial Weight: /‘7:4!3 qf

Final Weight: 74 YA 45/
SOLUTION: X o L.

s5m wall SFOIG

0.9 W NakHlly 4532

0. A6M Nay Ll 6274

Model: OHAU.

Reagents measured with

Model: Sartorius Genius

Cal S 05

L7 # 09284

cal: 7//,1 s

initiat pH: 4, 4/
Final pH: q' 70

Model: orion

CAL: 2/A6/08”

pH Probe: #13-620-296

TEST TEMPERATURE: /7/ 5' ﬂa Measured with Hg Thermometer SN:

Cal: q’3-7/ﬂ$.'

Counter Electrode: Platinum Fiag

Reference Electrode: Fisher SCE / $~4.20 ~4ol

Gas: 99.999% Nitrogen

Ecorr: — 33&"
Eot: 4144 4,

Potentiostat: A—'ﬂ yd.. p?‘ 3/9

Specimen Examination:

W

dets. e | C2APSHallP SYYNe N3 PIF Wa3CO3TYST TY )
Y a®

Model: Keithiey 4/6/
Cal: 5’/‘17 /0 <

sne $6/05

D %dnﬂé?

yr# o5IIpSLL L

SN: 12809099
Due: ///// /e

SN: 2883
Due: ///d/ o

sN: 2330
DUE: 7/4s7//b
sN:y0 65140

cq8-10¢
Due: ///,‘!5’/&4

sN: 2066/ F

sn: 0493 A
Due: J’/l///é

E?
:
4
X
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1.0 R
C22 Cylinder HT # 05990212
~  Solution: 0.5M NaCl + NaHCO3 + 0.296M Na2C03 —
45C 0.1667 mV/sec
0.5 - _—
B C22P5NaCLP444NaHCO3P296Na2C03T45CT41.cor -
B — e ———r—e
2
m B ————
0
-
05 pivgl ool g opn m
10" 10™ 10™ 10™ 0™ 10™ 10° 10® 107 10° 105 10* 10°
| (Amps/cm?)
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9 tfps  —

Cyclic Potentiostatic Test

Objective: dﬁpm %JJ L : Zé! b; , :
specimen: ¢ 4 1 M PM Dby o %«ua/é} {

MT# 05 190LLL &
Initial Weight: /o2, 39879 Model: Sartorius Genius SN: 128090 _
- Final Weight: /4, 427 43 ca < //‘/ s~ Due: ///I s~ ‘
S soLuTion: X 9 | —
£085g Ay R o$57570 |
S— 0.5/ Nall 57 —_
oM Nuklll, 4,574 LrY* 05 N;j
0. 29611 Wayld, b3.>8g Arf#/942 T
—— | Reagents measured with Model: OHAUS SN: 2883 ——
Cat: 7//&/&6— Duo://,,z/,é ’
— Initial pH: 9 ‘/q Model: orion sN: 2330 -
Final pH: g, 4/ ) CAL: 7A‘l S’/If DUE: 7/13’/&5
— PH Probe: #13-620-206 SN: 20579 L
] TEST TEMPERATURE: £) %4 Measured with Hg Thermometer SN: (& §& —~/0 ¢ ‘
IS¢ Cal: ¢/2 7//}' Due: /1/25/04
Counter Electrode: Platinum Flag .
E— Reference Electrode: Fisher SCE / § —60-5R h sSN: 27 6o/l 7  m—
Gas: 99.999% Nitrogen ;
Ecorr: —ad 1.5 sy V Model: Keithley () /4 SN: 90‘/ 93 & .
Ept: +174 iy ,_/ Cal: 5"/.1 7/ﬂf Due: 5"/&7 &//é
Potentiostat: t'z )"4 a?é jﬂ SN# é 6 / 0/ 5—— _.__.._-t
Specimen Examination; _.f
W Wj = W/ W‘“’lﬁ/’& 1
dde /é(”/ C24P Nl lP PN 093P T Wa R COITISE T 4/ K | 8
— bl —R
f B
-

v\

0 Qs fos”
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1.0

0.5

E (Volts)

-0.5

T

C22 Cylinder HT # 059902(.L2
Solution: 0.5M NaCl + 0.444M NaHCO3 + 0.296M Na2CO3
45C 0.1667 mV/sec

- C22P5NaCLP444NaHCO3P296Na2C03T45CT41R. cor

| _

107 107 10" 10™ 10" 10" 10° 10° 107 10° 10° 10* 10° 102

| (Amps/cm?)
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Cyclic Potentiostatic Test

Objective: 6’// n W Z 2 -44~

Y e

DIE %«u‘/&

WA DS IIpILL A

SN: 1280
Due: W/ 4WS™

Specimen: (7, 4 4 i ,4 AL /“’éz Db x

Initial Weight: /.é; 38/2-L  Model: Sartorius Genius
Final Welght: ; 9, 3G $6 | ca $/0/08

soLuTion: M 2]

D.5m Hald SFbbp AW HO570
014dyml Nattll, 74.53F A2 9 SDAEL o
0. 496 Hay w b2 08y AN * oyy28Y -

Reagents measured with Model: OHAUS SN: 2883
Cal: ¥/14/05” Due: 13 /06 o
inttiat pH: G, 34 Model: orion sN: 2330 .
Final pH:  f, 4/ 4 caL: 2 s/06 DUE: 2/45 )0l {
pH Probe: #13-620-296 SN: N 790 ]

Measured with Hg Thermometer SN: G&—/0 é

)
TEST TEMPERATURE: 5’
’) c Cal: y /,1,7/¢ < Due: I//.Lfyﬂ [/

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE /2 =4 2 ~$" 4 SN: £244 // 7

Gas: 99.999% Nitrogen

Ecom: — 350 a Model: Keithiey &/4/ sn: D07 93 & —_—
Bt 4+ 3 0 )/ Cat: $L17/p5 ove: 744 /04

Potentiostat: & & 'ﬂ' .4 & j /f sNe & 6/08

Specimen Examination:

% N2

WWJ%

/% LIPS Pty il 03 PILI WAL T%'d Ty, lm

flowes =

e wet

it o e
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1.0

C22 Cylinder HT # 059902LL2

Solution: 0.5M NaCl + 0.444M NaHCO3 + 0.296M Na2CO3

75C 0.1667 mV/sec

0.5 -

E (Volts)

C22P5NaCLP444NaHCO3P269NaCO3T75CT42.cor

-0.5

107 10™ 10" 1072 10™ 10" 10° 10° 107 10° 10° 10+ 10° 102

| (Amps/cm?) j .

M/VW'
/j/%{\ﬁ 1/,[175
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Initial Scientific Notebook Entry for Slow Strain Rate Tests on Alloy 22

Title: Slow Strain Rate Tests.
Tests Performed by: Pavan Shukla, Div. 20; Walt Machowski, Div. 18.

Objectives: To determine the effect of chloride, carbonate bicarbonate and nitrate
ions on stress corrosion cracking susceptibility of Alloy 22.

Proposed approach or procedure for achieving the objectives: Conduct slow
strain rate tests on Alloy 22 sample in various test solutions containing chloride,
carbonate, bicarbonate, and nitrate ions at different applied anodic potentials.

Equipment: Electrochemical test cell made of glass and teflon, ESC 440-2
multichannel potentiostat, Labview data acquisition software, temperature
controller, pH meter, balances, FLUKE 87 II electrometer, Coolant system,

LVDT.

Potentiostat and Labview data acquisition performance verified using TOP-022
Thermocouple, thermocouple meter, pH meter, analytical balances, and
electrometers calibrated by SwRI calibration laboratory.

Materials: mill-annealed Alloy 22.

Specimen Specifications: slow strain rate specimens, CNWRA drawing number
20-03704-042-001

Measurement Parameters: Temperature, Potential and Current, Load in Ibs.

Required Level of Accuracy: Temperature +2°C, Potential 1 mV, Current +0.1
HA.

Uncertainty and Sources of Error: Current density calculated as current divided
by sample area. Actual current density of corroding areas is not determined.
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Ken Chiang .
SwRI-CNWRA
Phone: (210) 522-2308

~ Fax: (210) 522-5184
e-mail: Kchlang@swri org
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SLOW STRAIN RATE TEST

Objective: see page (Y é

wP
03904-044-001 Vihoc
Specimen: MA Alloy 22 SwRI Drawing # 20-06002-01-331-001

Solution: Oe Zi L.

0.5m Matl 14654 LW£I5IS1O

Yl
2.4 ] /l/a}d% 39,41 9 A% {2"‘;’,439

pHy = 1140 pH e 213

Reagents measured with Model: WMS SN: 4 & &3

Cal: q/,_i//_( Due: 1/,4/06

Counter Electrode: /i j Reference Electrode ﬂs //45 b/j)" KL,

Gas: /1/ (47 7770 Feorr: ~ 304w “"
XEapplied: +.3 7y )/ Potentiostat: £50 4D - o SN: 9209138

Specnmen Visual: IM
sz

I = g sh viqg 44% SCE /3'4_50-(4

ol Afos==2[0° s o # sVD30(3P!5

- L A=-3SnV

-/
- )
5.2 endl {/ﬂ/ﬂ("" »f/////é

; 9 ;/‘/ oo H LT 13040-2
é‘ﬂw*n 330 136402
[ 34;;3;/2/'4/—;7/“/46 g S 14065196 P

T/& S/ s793 ok 740 1frblos j '

[ J\/’f

izl le oS
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Load (pounds)

1500

1200

900

600

300

Slow Strain Rate Test
0.5M NaCl; 0.74M Na2CO3

SSRT #1

95°C; +200 mV v Ag/AgCl

Max Stress 697 MPa

TTF 68 Hrs
1 | | 1 ] | | I ]
30 60 90 120 150 180 210 240 270 300
(Thousands)

Mill Annealed

Time (seconds)

/
T~

. 0 ‘
4/%&%;(




90

SLOW STRAIN RATE TEST

Objective: see page é
Ve g 0350940/ w9

Specimen: MA Alloy 22 SwRI Drawing # 20-66002-01-321-061— /34fos”

Solution: & Z{ Z.

0.57 Netd I4638 FPE R ISISTD
2.30m Puyco 1141 g I OHAEY
2,.39mM ,w,//w 15557 3. Ay DSO8R

Reagents measured with Model: W5 SN: 28 g 3
Cal: 44 /p¢ Due: //)2/7 4

Counter Electrode: /OZ /@l Reference Electrode: ”5/'4_946 A/J/” KCE.

Cal Check vSCE: A 34wl sWsv?93a3P13

Cal:
g >mmu 7595044; %/’?ﬁe Aok
Initial pH: 9. Yo pH Meter: 290 SN:-2330 Cal: 1|)'4'Due '7}15’,7('
Final pH: 9,5® pH electrode: , 3., 4, J‘@N 14065196 P

Gas: A),, (4. 9‘9q/> Ecorr: =34} ml/
Eapplied: + 2/9m l/ Potentiostat: £6 Y40 -4 sN: 420413 g

FLAKE 17§
DVM: SN: , ) = 57 Cal: $7/pc Due: /00
T/C or Thermometer: SN g77 3
Cak: 57, 4/ps Due: 11/1£/p¢
Specimen Visual: -
e Y _A%aq &Wj

Lo, Ootlon

e’ taup !

%"%ﬂy 4/”/“

i R RN

horey

!
| 1



|

11

N O T

Load (pounds)

91

Slow Strain Rate Test
0.5M NaCl; 0.37M Na2CO03; 0.37M NaHCO3
+200 mV 95°C

1500

Max Stress 749 MPa

1200

900

600

300

0 | | | 1 ] ] | | ]

—_— 0 30 60 0 120 150 180 210 240 270 300
Ti q (Thousands)
. m
— Mill Annealed ime (seconds)
A // "
. ,4/1//‘»/

W
) ol
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SLOW STRAIN RATE TEST 1

Objective: see page (/ é ﬂ

Specimen: MA Alloy 22 SwRI Drawing # 20-03704-042-001

Solution: X / ,4/ / 6 Sé)> lf oer o
$

Maslly H3.405 Lot 05080 ? Na 0ty 257 /, gl —

KULJ 12460 Lf 0T p,SYy 164, Y05 ~ :

dall 157317 A 051570

Reagents red with Model: J¥9# 5 sN: 268 3
eagents measured wi - :] :e-?/,:/’s_ oN: /// 3// .

Counter Electrode: /ot Reference Electrode: /ﬂs‘/ldcu “'/ 37 et

Cal Check vSCE: & ¥54¢
DVM: SN: Cal::/o/l.rﬁue: 2/(%’0
2395099 0S \ov
Initial pH: // ’? pH Meter: o#1#/ SN: 4580 Car: |V Due: ‘)bﬂg
Final pH: //,0.2 pH electrode: §-430 396 SN: /9045194 P

Gas:/{, /;5;{;” Ecorr: —4 D m l/

Eapplied: + 1090,V Potentiostat: £6C ¥¥0- 2 SN: 47 $/3 g

PLUKE ENF
DVM: SN: 5, y7gyyg3  Cal: —?/7//f Due: J/f/ ‘
T/C or Thermometer: SN o272 3
Cal: _(/,y/, Xl Due: ///i 747

Specimen Visual: *’M Al - ,/w'{k ,/4[4 it
plot.
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Slow Strain Rate Test _

- BSW —
_4 —_—— +100 mV 95°C -
) SSRT#3 -

1500 -

- 1200 - Max Stress 702 MP

sy —

) 'g 900 L
0

— _
o

.8 600 [ _

300 —_

0 | I | | | | I | 1 o

0 30 60 90 120 150 180 210 240 270 300
(Thousands)

. . g
Mill Annealed Time (seconds)
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i A

SLOW STRAIN RATE TEST T
Objective: see page 0 é

Specimen: MA Alloy 22 SwRI Drawing # 20-03704-042-001

e (BSH) f—

Reagents measured with Model: 2/« 5 SN: 4F€ 3
Cal: 7))4 /s~ Due: //u// &

s NCAL
Counter Electrode: )0 z /l&; Reference Electrode: A&/"S“ ‘/
Cal Check vSCE: 4 33V

DVM: SN:  Cal:, ;¥ Due: 5/4/7 ¢

22560V ;N"{o; 2/ ¢lov
Initial pH: /o ? pH Meter: J®@/0#/ SN:2330 Cal: q\)'d Due: ""
Final pH: /7, fé pH electrode: ;375p -394, SN: wpss? %

Gus 4 (pgi71/() B =30 mV/

Eapplied: + 307, 1/  Potentiostat: 63¢ ¢¥40-L SN: 94 2913 F

RUuRE
. SN: . el LA /9/0L
DVM: SN: y00cs  Cal: 204/ Due: 2/%/7
T/C or Thermometer: SN /7 23

Cal: ,(//f/as‘ Due: /z//P//f .
Specimen Visual: _/ , e 3 er& pyIye (1}-7 & WA/‘M S _ .

4 ~b
&'=55x907" g7




—%

N

l

—L 1

Load (pounds)

1500

1200

900

600

300

0

Slow Strain Rate Test

BSW
— 95°C +300mV

SSRT#4

Max Stress 629 MPa

TTF 56 Hrs

l { i | I | | I | .

0 30 60 90 120 150 180 210 240 270 300 -
(Thousands)

Mill Annealed Time (seconds)

4

T
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uh o8~

Cyclic Potentiostatic Test
Objective: (170 4o w%fi — Yanstes %
Specimen: u& M\//ﬁﬁ DMY /i;ﬂ’F oﬁ;’dzbé S

Initial Weight: / a?:-g ’?VJ 3 Model: Sartorius Genius SN: 128090!
Final Weight: ; 2, 394/ £  cal {/,W (w Due: /l/: s

soLution: 8.0 L.

M Mall  $8 ;{,4/ L * /ﬁi’}i
039M  MpHCl LISy Lif# IS iy
0:37m a0, YeN0, Lt gHEE

) i oS 9
o '; I{:den,t:/#téiffzd with jt( 4%&: OHﬁJS SN: 2883
Cal: 7Mf Due: / /.1//

initial pH: G+ ‘/f Model: orion sN: 233 0
FinalpH: ¢, 4§ ¢ CAL: 7/.1.(/0 $~ DUE: 2/4$77 ¢
PH Probe: #13-620-296 SN: y/p L7196

o
TEST TEMPERATURE: Qj/c Measured with Hg Thermometer SN: (24§ /0 (-

Cal: y/g) (X Due: ﬂ/i{'/ﬂb
Counter Electrode: Platinum Flag
Reference Electrode: Fisher SCE ) § -, 20 ~$ oL SN: D Lot 7
Gas: 99.999% Nitrogen FLuwy / 5’4 /z(
COIT. ~= V H i .
E : .5'_25/4. Mot.!ol Weithloy- L/ /J/af) $N73£;d§/4 3
Bt ~ful/ cat: 4 Jg/p Due: A/g/p ¢

Potentiostat: & ¢40* é!‘ A Aj ﬂ s 0G/08

%W/ 7% s

f/\& esipswetl P> M HCDS P 30 N L3 PAVat/O3E le . Con

e e

l‘("
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1.0 —
Lﬁg;g File: C22 P NaCIP37NaHCO3P37Na2CO3P2NaNO3t46 .
05 | ;§ —
I Q = —
S o —
— b
w S
-0.5 - J
-1.0 1 I | i L1 bgggl 1 ey ——
1 10° 10°° 10% 103
— | (Amps/cm?)
~




98

Cyclic Potentiostatic Test

Objective: (¢ o ‘.&é 22 VTR

Specimen: @ 42 W /j,i(, Dbot X

Initial Weight: /c?l 30 .5 ? 3 Model: Sartorjus Genius
Final Weight: )3, 3¢ ¢ ca _;//VV"

SOLUTION: ¢ 'Z C
6.8M pMatl 6504 LY /{//{;i
0.59m WMLl bLi3tg AN ¥ g5P2 o
0:47mM  pa,lo, 763§ L r 0991 A
o.2m g, Vo, . £ ¢ AN * 05087
Reagents measured-with odel: OHAUS
Cal: 7/' J-/ﬂ 'S
initiaslph: ¢4 9 Model: orion
Finalph: ¢, | 0 CAL: 2/£570

pH Probe: #13-620-296

Measured with Hg Thermometer SN:
Cal: / 4 /p 5

TEST TEMPERATURE: (I’ {”cy

Counter Electrode: Platinum Flag

Reference Electrode: Fisher SCE | 3 '#,v -S". A

Fuve [ K. sk

corr; = FS/V odel: ~iceithiey of”
:pt: "I;/ow(; :al(:’ i?/f/o( (”/‘W )

Potentiostat: /= 4 \‘& .?é 3/4 SN# é Glog

Specimen Examination:

il

70(4 byp sHall P3N HED P32 Y

Gas: 99.999% Nitrogen

=

u/s/os

N

W7 IS I 2

SN: 1280
Due: 70 0s~

SN: 2883

Dus: ///5/0’ &
SN: 2330
DUE: 7/2 674 b
SN: yYp o796

g-/0 b
D?cfll/.i S/ﬁ L

s Joson 9

o 7340443
Due: 1/4/40

Ly PIauW0 3T 47 87

HiNna

il o e, B
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Initial Scientific Notebook Entry for Passive Film Chemistry Tests on
— Alloy 22

Title: Passive Film Chemistry Tests at Constant Potentials.

Tests Performed by: Pavan Shukla, Div. 20; Brian Derby, Div. 18.

Objectives: To grow a passive film on Alloy 22 surface in basic saturated water at
95 °C, and to analyze the oxide layer for chromium oxide in the passive film.

Proposed approach or procedure for achieving the objectives: Subject Alloy
22 sample at constant potential in basic saturated water solution for seven days.

Equipment: Electrochemical test cell, EG&G potentiostat,
thermocouple/thermocouple meter, temperature controller, pH meter, balances,
Keithley electrometer, Coolant system.

Materials: Alloy 22. Material heats to be added prior to testing
Specimen Specifications: CNWRA drawing number 20.06002.01.322.015

Measurement Parameters: Temperature, Potential and Current as a function of
time of specimen during test.

Required Level of Accuracy: Temperature +2°C, Potential £1 mV, Current £0.1
LA.

Uncertainty and Sources of Error: Current density calculated as current divided
by sample area. Actual current density of corroding areas is not determined. Non-
faraday charging current during polarization. <
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CNWRA
Pavan Shukla Ext.6534

E mail: pshukla@swri.org

CNWRA

Drawing# 20.06002.01.322.015

Material: G -3

Heat¥: 2477-3-3260
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PASSIVE FILM CHEMISRTY

Objective: 5., f&&l o
SPECIMEN: C-22 Block WT%2217-3-32L6  See pior
Initial Weight: [05. 36121 Model: Sartorious Genius S$n:12809099
End Weight: w;_i,:baqé‘fj‘v\-r Cal: 11[Hfos Due: Y/lz_/e‘
j03. 3 b:ﬁsa_
SOLUTION:  Basic Saieates Loubee -
Ao OO 48659, kot %o2 v *
- 3 SGy ke oo MF o 1039, et ¥ oo6ets
\ 3440 Lot * Ol3yp N, tO 318.73 Let* oUY4a¥Y
OT Te ZbOOm\f K
Reagents measured with Model: OHAUS SN: 2883
Cal: 7}11/“' Due: ﬁ/tz b4
TEST TEMPERATURE: < °C Thermometer: M q98-1%)
Cal: S/L)or Due: r/f/on
Initial pH: 1. L3 Model: &gien EN 540 SN: 2330
Final pH: /0.37 Cal: 7}25’53- Due: 7/3:‘/0‘
pH Probe: #13-620-296 SN: 4945196
Reference: Fishea 13-620 S22 svid Hon803(

Covdew Elednocoe - T Fu}

GAS: 99.455 % N,

ECORR: ~ S¥2Zmv Model: Keithley SN#: 057962k
EPT: -~ 310~ Cal: ﬁll‘{lOr Due: 4 "‘I/Oo
- \
Potentiostat: C G ¢ G Veasasdat SN#: Ao
cal: le/s’o.s" Due: ‘IS’/OL

TesTiD: PFLBsw/

TEST DETAILS:  Specime~ shiwe an sign o Qoamosion oa- f.'H;
%b\o \-lr\\ S*Q‘uu‘l\a_ on A‘\ SU@Q%GS A\— Srw‘m

0 i

S0~y Tesd,

_I..'.\‘g;.\ ‘Veg* \u\v\ C.Al. Nast T“\'... S-._ﬁj‘/lﬁc\‘ ‘O\" N IQI

' 7 L




rppion malweis Sottare, oo L33
File Status: NORMAL
Time Runt 15:85:13
H Initial Pot. [P 58,9%-I
.4 v Tiee Step | 1 604,063
Initial Delay I 5 s Stop Dn 80 Pass
TinerPt. ™ 2017 5 Curr, Range (R fute
No. of Points W J0@B
Line Syx., L5 wues IR Mode iR ore
Rise Time RT  high stahility Filter [ % 74
Working Elec, W 5olid Ref. Zlec. RE  S0E M4i.%-2
Samle rea MR 6.2 @'z Equiv. R [ %)
Density K 8.698 oAl AK AT & e

Open Circuit 9C -383,8€-3 ¥

Comsent !

Alloy 22 passive +ile shenistry MY 950 resn;

107

I-/ares (UWAScMm™2)

Hoge] 382202

Cerrosion Amabisis &

Iwer ¢ PE PUTENTIOSTATIC

Fils Status: JKABAL Iste ~un o

o PSS vs, F o7 % PRI 6. 040E+85

3 414 W Ik HE RT HIGH STABILITY

2,24132 50 WRe, 30 LS TES DEN 8.499E+90 A NO
a-4.583 K
Uowsert: filoy 22 passive tila cheaistry BON 53C testl
——— AIPFCBSN!
75,08
i ! I i
65.08 — —
55.08 — —_—
45,00 — -
5.0 — —
5.0 — —
13,08 +— —
5.0 — L —
o 1 1 1 r i 1 —
~58,9 5.8 158.8 256.8 35,0 450.9 556.9 §%8.9
t (s) o1g°
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CNWRA CNWRA Material: __ € -2~
Pavan Shukla Ext.6534 Drawing# 20.06002.01.322.015
E mail: pshukla@swri.org Heat#: 2477-3-32066
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PASSIVE FILM CHEMISTRY TESTS

_ Specimen: C-22 heat# 2277-3-3266
CNWRA Drawing # 20.06002.01.322.015

Solution: Basic Saturated Water

Temp: 95C
- ?‘:’,‘\'f

Gas: Ptrg'eéwith 99.999% N2
- Poean.o
- — Duration/ Time: 7Days

Test# & Test Potentials

1) 50mV vs. SCE See py 0L 107
2) 100mV vs. SCE  See po™ 110 - 111

3.) 200mV vs.SCE  See Ffat 12-!'3

4.) 400mV vs. SCE

5.)

6.)
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PASSIVE FILM CHEMISRTY

Objective: Sze  py /04

SPECIMEN: ¢-22 3|, \

initial Weight: ;05 27(,0:) Model: Sartorious Genius
End Weight: 05 29759, Cal: u//:.//oj..

Rasic 59\\)0&*:0 WA:\'Q_A,

Lt ? oLty

™Y "31‘17' 3-3266 See pb,:&lbf
Sn:12809099
Due: 5'//1;3)‘,

Ha.q9, wt ¥ wisYyel

SOLUTION:
Nulbby 49630, et o050 NeF 1040
ey 34b.0v, ¥ 043y MNeyc0, 37860, Lot * ouyuaryy
MuCy FE AN e ’
+ 9% Yu 2000, ls

Model: OHAUS

Reagents measured with
Cal: 1 /yz/or

TEST TEMPERATURE:  §s°c Thermometer: MG%-1%2

Cal: S’}b by

Initial pH: || .50l Model: Oeion ER9I4D

Cal: 7} 2r/b.r

pH Probe: #13-620-296
Reference:  Fighea  # 13-020- 52 sw¥ qoaso3l
Cour\‘\m. Electrooe *. T F[?

GAS: G5.959 % Ny
ECORR: - 44\ ~V
EPT: - 113~V

Final pH: (0. 40bb

Model: Keithley
Cal: ‘i}uq/o 5

SN#: QoioY

Potentiostat: EG < \kesns"»‘;'
cal: Ib/S" or

TESTID: € FC ¥}Sw 2

TESTDETALS: My Sy ob Cocmslon oe f.pﬂ}

S'\'Q'\A\nno O A’\\ 5\)47&%53 QSV SfWM

190 v, \YCJ""

SN: 2883
Due: l/[z 0l

Due: S'/s/oe

SN: 1320
Due: 7/25‘/0(,
SN: 406519¢

SN#: 0575 6P
Due: q//‘//oé

Due: 7/5/)‘ _

s\;dv\* Nat




' ogé) /23 Corroston malysis Sottware, v, 2,39
- -.Filerane: APECES
i Potat: VStat[] Ver 2
7 _ps POTENTIOSTATIC _ File Status: MORWL
- NteRm 1241585 Tine Run:  11:01:17
_ . Cond. Time (T pass s Initial Pot. IP 108663 V
© Cond Pot. P pass v Tise Step § 71 664,063 s
©Initial Bely D 5 s Stop On % Pass
, TPt P M3 s LerRne R Mo
- Mo of Points 1P 3009
! Line Sunc. LS ues IR Mode R none
Rise Tile  RT hich stability  Filter o153
Morking Elec. M Solid Ref. Elec, R SIE 24153
Suple frea MR %24 or? Eqiv. Bt. BN 26.84 p
Pesity B 849 ol ~ AKX 4D W mw
: &»eanrcuxt o 49.%3 Vv
P 'cment Alloy 2 passive Fils chesistry BOH 95C test)
Do
- v
i I »ﬁ.J.I *‘tm P O ¥ WPRMA N.iols LAY Jlae A Dt DATFUTTANTATIO ——_
3 R WM WTU}&UI Hl‘lsbl} Mlm!, ‘A g ruemw N CrLdome roldl, vatdilLl VT £ FO FUILNILUSINGIL
| File Stitus: MWL Date Run: 12-1565 Time Funi il:81:17
PP PBSws. R T PSS P 8.1Mvw.R  ID5S P 2.813482 T 4.8406+85 -
Lo ) S0 Pass R NOE o153 RT HISH STABILITY
| RFBMSESE WK SILID MR 2.624E481 L§ YES B 2.504E481 DEN 8.96E+68 T —
IR Y
: ‘Comment: Alloy 22 passive fila chemistry BOW 950 testl
——— RFFCBGH _
29,9
b 1 | | | -
® !Q:g — — -_—
: 8.8 — 1 .
L1080 — - —
N
X
B —_—
:{' -2&.9 -_— ]
.a
!3 -
E (4 -m-a —— -
‘ g N | [
i 4 I
o I .
- %3_‘_ — e — - - e JR—
-500.0 |— —
‘ —
-48.8 — —
- | | | | | | _
| 5.8 5.8 158.8 250.9 350.0 458.9 556.9 658.9
t () ae T
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PASSIVE FILM CHEMISRTY .

Objective: See PU# 104

SPECIMEN: C-22 Bleck WT%2277-3-3266 Sce pb,#/or

Initial Weight: (05 - W 635 Model: Sartorious Genius Sn:12809099
End Weight: (o 5 - 4373 lo. Cal: H}I’-{ oy Due: s‘/n-zg@
SOLUTION: Bage Seduasies Umten
AuNO3  480-2), Lot 026809 M F 7039, ot ©©Lb7
ey 3Yp.12. ot b 043820 N L0, 37861 Lot 04484
e 319 52, Lot d o5is10 N, SOy So.oc/; Lof? © 35901
+ O0F Yo zooomly
Reagents measured with Model: OHAUS SN: 2883
Cal: 1/| v/oy Due: l}n b
TEST TEMPERATURE:  §5°C  Thermometer: M G¥-/¥2
Cal: S’/b/of Due: 5'/3/04,
Initial pH: 1\ 310 Model: ©aion FEAGHO SN: a33e
Final pH: jo - 303 Cal: 'I/zs'/or Due: 7/2.\’/06
pH Probe: #13-620-296 SN: 4pp3196k
Reference:  Frshea 13- bzo-5a v ¥«02s03(

GAS: 14-999% V2
ECORR: —-1G65 .Y
EPT: -%0b A~V

Potentiostat: £ G ( \)w.sas& s\*

Model: Keithley
Cal: ‘1//'-1 o5

SN#: a0 !04

cal:
TESTID: PFCBSW3 10/ 5fox

TESTDETAILS: A Sign o+ Connosiom e (Pr‘rsm‘7L + Shihd
Surz&me sq.s;,\;.\&

200 my “Te,\’}

SN#: © 37962y
Due: 2///o

Due:

’TI"\_+

e




113

Model 352/252 Lorrosion Amalysis Software, v.  2.38

Filenime: #:PFCBSND
Petat; Ustatl] er 2

PS POTENTIOETATIC File Status: HORWL
Bte ki 12-176 Time Run: 89346112
Cond, Tise LT pass H Initial Pot, 1P 200,92 ¥
fond, Pot, P pass Vo7 TimeSterl TI MEED [
Initial Delay 1D & 5 Stop On 8¢ Pasc
TinesPt, * .3 £ Curr, Rarme R fwtc
Ho. of Points W 3008
Line Sure, [CI"3 IR Hode IR none
Rize Time BT high stahility Filter o1
Working Elec. W Solid Ret, Elec. R OSE MHLFE-W
Sample frea AR %M 8*2  Equiv, W, B 2.84 g
Bersity X 8.9 osl AN AT w o ne
Open Circuit 00 -192.86-3 ¥
Comment: Alloy 22 passive $ils chesistry BN 95C testd
Yodel 3527252 Lorrosion Amlyeis SoRvarey v, 2.3 Filermmwe: AIPFCRMD  Patatt VStat{l Ver 2 PS POTENTIOSTATIC
File Status: MORWL Date Run: 12-17-85 Time Runi 89346112
P PRSS vs. R CT PSS P 8.28vs. R m5s T 813462 T 68480985
R A W 3080 80 Puss IR NN 1S3 RT HISH STABILITY
&H" 0.249123 SCE R SOLID R 7.44E481 LS VYES W 2,604E4+01 DEN  6.690E+80 A N
> 8.1
Conment: Rlloy 22 passive +ilm chemistry BOM 950 testd
—— APFCBSM3
15,008
[ [ I ! [ |
13,000 — —
11,008 +— —
& 5.888 — —d
1
U
4
3 e — ]
®
s
{
& i
_\‘ 5.800 — —
j
3.008 — ! I
L — _
; ~ .."—W' frees Advia -“~ . " ‘ i
; 1 H ' i }
L ‘ : : i
-5%.8 0.0 15,8 o N 358.8 458.8 558.6 §50.¢
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PASSIVE FILM CHEMISRTY

Objective: <., ra&lw

SPECIMEN: ¢ -2 Bleck  NT®9399-3-320L  Sue o /oy

Initial Weight: | 5, 5341 Model: Sartorious Genius S$n:128090

End Weight: IbS‘-S'3°123_ Cal: l')H}uS' Due: 5'//2709‘

SOLUTION: Basic Salorsdts  Luaten .
NuNDy  49eb],  toF* 20809 No E 7139 Lot 006074 |
kel T 3uedy st ? caseso Am, 0O, 378.77 cot? oduard '
M iy, Ltb OsIsID May S0, S0.05 LoFd 0354 )

. *+ DY To 200 omb
Reagents measured with Model: fHAUS SN: 2883

Cal: 1 "/Of Due: l/ll/ub

TEST TEMPERATURE:  95°C  Thermometer: H S¥-1§2

Cal: 3’/!4/03' Due: S'/S"/Ub

Initial pH: 11-U447 Model: meio~ EA94p SN: 2320
FinalpH: [0 4TS Cal: 7/25"/03' Due: 7/:5‘/06

_ pH Probe: #13-620-296 SN: 404519, -
Reference: Frshen 13-Glo-52.  swi 402503 [, -

GAS: 95991 % Ny

ECORR: -700mV Model: Kejthley SN#: 0§ 7962y v

EPT:  -70mv Cal: ?[H/or Due: 727“

Potentiostat: E (5 % (5 \Jego As\g.\. SN#: 20104 -
cal: 1375' os Due: q/;—/,o

TESTID: PFC gsw ¢
TESTDETAILS: Ao Councs)on 6 QI'H-JB, on SPeu‘A.e« - Coo\o 8 *}7" )
S\\-sl‘l\;f\a o~ A‘\ -SUQQAQC“ 0% - :

Spacimar

H90 my) \‘e.\'\' ‘.._..
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__ Mode] 3527257 Corrosion Mralysis Software, v,  2.30
Filename: AIPFCBSH4
—_— Pstat: V5tat{] Ver 2
PS POTENTICSTATIC File Status: MNORMYL
Date Runt 12-19-85 Tise Runi 87;42:45
fond, Time LT pass 5 Initial Pot. IP 4. -3 ¥
_— Lond, Pot. P pass ¥ Tise Step 1 71 484,962 5
Initial Delay 1D 35 1 Stop On S0 Pass
_— Time/Pt, P 2.3 3 furr. Range (R futo
Ho. of Points WP 3008
- Line Sunc. 15 wes IR Mode IR nore
Rise Tise RT  high stability Filter FL 133
— Morking Elec, WE  S50lid Ret, Elec. RE SCE 24{.%-3
Saplefrn MR WA 2 Equiv, Mt. B 2.8 g9
Density IE 8.499 ozl AKX A0 Mo
- foen Circuit 00 -199.96-3 ¥
- Comment: Alloy 22 passive +ilw chemistry BLW 250 testl
- Yooel 352702 Corrosion fralysis Software, v 2.3 Filename: AIPFCESME  Fstatr tatl) ver 2 FS POTENTHBTRTIC
File Status: NORMAL Dote Puni 1Z-19-85  Time Ruri B7047:4¢ e
- P PASS vs. R 07 P IFogdBve. FOIE 58 T 2,613+ Tl 60406485
o5 oA L i Faas IR HNOE 1S3 RT HIGH STABILITY
PEF B, 24150 SIE W SID MR 7.620E401 LS YES BN 26040401 DEN 8. 4906+00 W oW
- [ B —_—
Cowmestt flloy 22 passive 4ile chemistry BON 95 testd
- —— A:PFCBSM
11.008 —_—
_ I N l !
i -
5,08 — —
- 7,086 — -
N _
- E i |
S { i ;
d P i i
: L% — - —_—
P !
F ‘ f —
. T owe— -
i -
| ‘
g —- i n? —-sl -
¥ i e,
- e ihsimivaaadh 1
‘ ; —_
i ' | 1 | | 1 ]
-1.%’ ; | I i i | |
~58.8 5.8 15.¢ 256.8 8.8 45. ¢ 6. & LN
t e






