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Initial Scientific notebook entry for Titanium Grade 7 Hydrogen Embrittlement Studies.
| Title: Effect of Environment HE of Ti-7

Tests Performed by: Sean Brossia, Steve Clay, other personnel will be identified as they begin

work on specific tests. Y~ Az, /?m (Dw.20), To Gorrys Spevert (D, £8)

— Brian " Derdy (OV. 18)

Objectives: Determine the conditions under which HE of Ti grades 2, 5, and 7 take place,
including critical hydrogen concentration to induce reduction in mechanical properties, effect of

orientation, and crack propagation rates if possible

[ Equipment: Slow-strain rate machines, Other specific equipment will be identified and
calibrated prior to testing.

Materials: Titanium Grades 2,5 and 7 notched slow strain rate specimens procured from Metal

— Samples
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Setting | Time for Large Gear #1 | Time for Large Gear #2 | Average Time | Strain Rate (in/sec) Strain Rate (mm/sec) |
1 i 20 279.60 216.20 247.90 6.39E-08 1.62E-06 r—vﬁ——
40 79.30 71.30 75.30 2.10E-07 5.34E-06 ;
T R e 60 44.80 41.90 43.35 3.65E-07 9.28E-06 B
] 80 31.80 29.90 30.85 5.13E-07 1.30E-05
K 100 27.90 26.00 26.95 5.88E-07 1.49E-05 T
N P
e v— . ST
| : : Equation Y = 1.715529159E-007 * X - 1.449603551E-006 % i T T
Number of data points used = 5 {
, 1 . Average X = 60 J
Average Y = 8.84357E-006 [ I I I
: . . Residual sum of squares = 1.51641E-012 §
Regression sum of squares = 1.17722E-010 i ! l ,
Coefof determination, R-squared = 0.987282 :
T T T Residual mean square, sigma-hat-sq'd = 5.05471E-013 ! ' I '
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_— - | Packing Slip | v L
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Alabama Special#rProducts, Inc, Packing Slip: 54598 i
H— 152 Metal Samples Road Phone: (256)358-4202 Page: 1 T
P.0.Box 8 Fax: (256)358-4515 ‘Ship Date:  10/25/00
Munford AL 36268-0055 Order: 46906
i———  United States . :
e —
Ship To: Bill To:
T T T
SEAN BROSSIA, BLDG 57 ACCOUNTS PAYABLE ‘
L ‘ SOUTHWEST RESEARCH INSTITUTE SOUTHWEST RESEARCH INSTITUTE ! L I
! 6220 CULEBRA ROAD P.0. BOX 28510 ;
T SAN ANTONIO TX 78238-5166 SAN ANTONIO TX 78228-0510 T T
USA ‘
R | S N
T /’\ SO B mas
e PO #: X82483S FOB: COLL /078100014 [nes e mama—
Sales Person BENJAMIN J. LACKEY Ship Via: FEDERAL EXPRESS
T T T
[Line Planned Qty Shipped Qty  Backorder Part Number Revision 1 R
1 10.00EA 10.00 0.00 TS1904802 i
Description: TIGR2 NOTCHED SLOW STRAIN i
T RATE SPECIMEN '
7 2 10.00EA 10.00 0.00 TS1904802 ————T]
T Description: TIGR2 NOTCHED SLOW STRAIN S B S
RATE SPECIMEN
! 3 10.00EA 10.00 0.00 TS1904807 : !
1 Description: TIGRS NOTCHED SLOW STRAIN T
. RATE SPECIMEN
E—
' 4 10.00EA 10.00 0.00 TS1904807
— e}
! Description: TIGR5 NOTCHED SLOW STRAIN
' RATE SPECIMEN et
5 10.00EA 10.00 0.00 TS1904CSM
I e ]
Description: TIGR7(CSM) NOTCHED SLOW :
1 STRAIN RATE SPECIMEN [ A B
T R
I i“""]'“" T %
Packed by : Shipped by : i
: acked by pped by S e
T ALABAMA i
o Metal ALABAMA LASER RESEARCH AND ~ —1—
N sl == DEVELOPMENT f
T am ' e —~—~——-~. TECHNOLOGIES 7
e ’ ‘ /_=-\ for laser fs | ] ,___.._]____T_._—
Co.
S T
Visit our Web Site at www.alspi.com i
L T T
] T T T T 1 L 1 T T T 1 I T T ] 1 T T T T T 1 [ 1
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7T United States T ‘
S ——
e Ship To: Bill To: T—r‘—
SEAN BROSSIA, BLDG 57 ACCOUNTS PAYABLE Co
T SOUTHWEST RESEARCH INSTITUTE SOUTHWEST RESEARCH INSTITUTE T T
e 6220 CULEBRA ROAD P.0. BOX 28510
SAN ANTONIO TX 78238-5166 SAN ANTONIO TX 78228-0510 T
S USA T
SU— SE—
L
e PO # X82483S / FOB: COLL /078100014 : T
e Sales Person BENJAMIN J. LACKEY Ship Via: FEDERAL EXPRESS ﬁ__
-=—-7=~—71~ |Line Planned Qty Shipped Qty Backorder Part Number Revision ] T
ey 6 10.00EA 10.00 0.00 TS1904CSM T
e Description: TIGR7(CSM) NOTCHED SLOW T
STRAIN RATE SPECIMEN
T 7 1.00EA 1.00 0.00 CU014829999 U
T Description: TIGR2 ARCHIVE SPECIMEN
O B o 8 1.00EA 1.00 0.00 CU014829999 e B m—
e Description: TIGR5 ARCHIVE SPECIMEN —r—
] 9 1.00EA 1.00 0.00 CU014829999 ;
Description: TIGR7(CSM) ARCHIVE SPECIMEN '
S —
A B ) ) T
A I T 1
I S S
I Sy ) s
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T T T ..;——._ T T T LN T T ] T i [ t T T 1 11 H T
R T T T T ¥
—T MATERIAL TEST REPORT DATE 10/25/00 ’—-~«r~——“

PAGE 1 !
J Metal Samples Company ORDER : 46906 [T
P.O. Box 8 Fwﬁ~~«
152 Metal Samples Road
e Munford, AL 36268 ]
Ph. (256)358-4202 Fx. (256)358-4515

S T

™ Customer: 01482 SOUTHWEST RESEARCH INSTITUTE | ‘
L~ Your PO#: X824835 rmme“m
S— T

Lot No. RS51 Mill: Our Order Line No. 1 ‘ N

™ Description: TIGR2 .375" X 40.5" X 43.25" ‘r T

Item: 018020375 TIGR2 .375" H""""‘T'“"‘“"

T ; .

Chemical Properties: ;

S— C:0.011 Fe:0.111 H:0.001 }r.___ -
0:0.141 Ti:BALANCE ‘

f—T" Physical Properties: A
Tensile-PSI:75,000 Elong-%:29.0 } ]
Yield-PSI:50,500 R/A-%:53.3 :

e == r“ﬂ”“

—r Lot No. G606 Mill: PRESIDENT TITANIUM Our Order Line No. 3 L

Description: TIGR5 5/16"THK o

T Item: 018070312 TIGRS .312" ‘T T

Chemical Properties: ’ H :
Al:6.180 C:0.030 Fe:0.140

— N:0.007 0:0.186 T1 : BALANCE —
Y:<0.0005 )

— T Physical Properties: F*'T‘ 1
Tensile-PSI:146,000 Elong-%:10. - 3}

' Yield-PSI:131,000 R/A-%:25.4 ! ‘

_______________________________________________________________________________ ;.T___.__..r._m

— .Lot No. P586 Mill: TIMET » Our Order Line No. i )

Description: TIGR7 1.00" X 24.00" X 48.00" ]

[—T Chemical Properties: T
C:0.009 Fe:0.115 H:50 PPM e

I 0:0.140 Pd:0.155 Ti:BALANCE :

 Physical Properties: b

Tensile-PSI:79,000 Elong-%:25.0 ;

— Yield-PSI:54,000 R/A-%:45.0 I
Condition:ANLD ; -

. R —

. ======:==:===============f===============f::========::::======================== ; e

We certify that the Material Test Report is correct to the best of our knowledge

L. and that the material supplied me . specifications. T T

T THANK YOU, Quality Control Dept T T

taieindetneinieinialeiteteietobetstaleiete sttt iistetetlt efatatater (isthisietiekte bttt S S S
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B Pstat PC4/750
l— Run Time: 259200 S
i Sample Time: 60 S
o Galvanic Corrosion Scan Sample Time: 60
'ti7_fe galv1.dta’ 8/27/2001-9:54:13 Ecc: D783V
ot Electrode: 7.87 gmicm3, 27.92 glequiv
Delay: OFF
— 1.20E-04 .0.790 IR Comp.: OFF
— 1.00E-04 + -0.795
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| Testing Plan for the Initial Set of Ti Slow Strain Rate Tests .
T T
No. of Tests: 6 (3 materials and 2 orientations)
—T T
—— Materials: Ti Grades 2, 5, 7 '
1 T
‘ Orientations: Parallel or perpendicular to rolling direction 1
— T — Specimen Type: Notched tensile specimens '
L T
j Test Conditions: Deaerated solution — 1M NaCl + 0.1M NaF :
Temperature — 95 °C
] Extension rate — 1x10” mm/s (depending on the gear motors) l
T Open circuit -
T | e o l
Data Monitoring: Load
=1t 1 T
| - Temperature
! Potential (not available under open-circuit conditions) '
i Current (not available under open-circuit conditions) -
pH (initial/final) :
T After Test Analysis: Elongation '
T Failure time '
1 Fractograph =
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— — Weight | Reading | Voltage Load | Reading | Voltage Load Voltage Load ——
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L A B Weight | Reading | Voltage | Load | Reading | Voltage } load | Voltage } Load T
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T T T T T T T T
[Variables)
T T T T T x =col(1) ' ' '
y=col(2)
T T T T 'Automatic Initial Parameter Estimate Functions T ' '
i " : F(q)=ape(x,y,1,0,1)
———— [Parameters] T T
% &) Co y0 =F(0)[1] "Auto {{previous: -2.11528}}
= i T a="F(0)[2] "Auto {{previous: 1175.79}} T T
DLk ok
! : . Y f=y0+a*x T T T T
[ . ,Q C 2 u fitftoy
H“"f‘é,; ; { S— [Constraints] LI B B
[Options]
A l'b—lc, o tolerance=0,000100 T
stepsize=100
. ' t . : - iterations=100 T T T T
. . ' Y . R =10.99999717 Rsqr=0.99999434 Adj Rsqr = 0.99999340 T T T
, : : : . Standard Error of Estimate = 3.6315 T T T T
. . , . Coefficient Std. Error t P q ; T T
! -2.1153 2.3673 -0.8935 0.4060
: : : : : a 1175.7858 1.1418 1029.7838 <0.0001 : I ) T
Analysis of Variance: _
| T T T T DF SS MS F P T 1 T T
Regression 1 13985229.5582 13985229.5582 1060454.7501  <0.0001
T T Residual 6 79,1277 13.1880 = ot
Total 7 13985308.6859 . 1997901.2408 { . : |
T LI T T ' N
PRESS = 119.1921 i
T T T T T ' ' ! T
Durbin-Watson Statistic = 1.6695
T T T T T ) T T T T
Normality Test: Passed (P =0.6084)
1 T T T 1 ! T ! !
Constant Variance Test: Passed (P =0.7053)
T T T T T T T T
Power of performed test with alpha = 0.0500: 1.0000
T T T T
' ' ' ' Regression Diagnostics: . i
: T T y ; Row Predicted Residual Std. Res. Stud. Res. Stud. Del. Res. T T T
1 -0.7043 0.7043 0.1940 . 0.2557 0.2347
: . - . r 2 583.6612  2.7988 0.7707 0.9070 0.8913 T T T T
3 - 11793143 -0.3643 -0.1003 -0.1107 -0.1011 ‘
: ; . : . 4 17743794 -6.2994 -1.7347 -1.8600 -2.6096 T T T T
5 2368.2688 -1.8088 -0.4981 -0.5348 -0.5002 1 '
: i : . . 6 2960.8649 4.7351 1.3039 1.4442 1.6322 T T T T
7 3553.4609 1.7391 0.4789 0.5673 0.5324
8 . -1. 0. - -
- , 3948.5249  -1.5049 0.4144 0.5279 0.4935 ——1
Influence Diagnostics: T T
T T T T T Row Cook'sDist Leverage DFFITS ! I
1 0.0241 0.4245 0.2016 T T T
oror 2 0.1583 02779 05529 T o
. , T T T 3 0.0013 0.1787 -0.0472 “ T T T T
4 0.2591 0.1303 -1.0100 i
. , : , r 5 0.0218 0.1324 -0.1954 Fr T T T
6 0.2365 0.1849 0.7773 :
7 0.0649 0.2875 0.3382 A—
ot 8 00868  0.3838 -0.3895
T
et 95% Confidence: t
Row Predicted Regr. 5% Regr.95% . Pop. 5% Pop. 95% ;
L 1 07043  -6.4941 5.0854 -11.3101 9.9014 L
2 583.6612  578.9768 588.3456 573.6161 593.7063 :
' ! ! ! ! 3 1179.3143 11755578 1183.0707 1169.6669 1188.9616 ot ’ '
4 17743794 1771.1722 1777.5867 1764.9323 1783.8265
T T T 1 5 2368.2688 2365.0352 2371.5025 2358.8127 2377.7249 T T T
6 2960.8649 2957.0444 2964.6853 2951.1923 2970.5374
T T T 7 3553.4600 3548.6963 3558.2254 3543.3781 3563.5436 } '
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Title: Effect of Galvanic Coupling on Hydrogen-induced Cracking of Titanium Grade 7 T T T T T T
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ising i idered a |
Environmentally assisted cracking arising from hydrogen absorption has bgen considered i
T T T T T T T 1 possible failureymo de for the titanium drip shield. Hydrogeq-lnduced cracking of Titanium Grade T I ) T T T
7 needs to be evaluated by considering the effect of galvanic coupling to carbori and stainless |
T T Y T T T T stesls on enhancing hydrogen uptake and absorption. This augmented work fs aimed at
‘ determining the hydrogen-induced cracking susceptibility of Titanium Grade 7, as well as T T T T T T
Grades 2 and 5, in fluride-containing solution as a result of galvanic coupling in comparison to
T T T T T T T 1 solutions without fluoride. Preliminary scoping experiments are plar}ned with galvanically ;
coupled specimens using a six-specimen slow strain rate test machine. Notched slow strain I T T T T T T
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! T I I T T T T Al slow strain rate tests will be conducted in 1.0 M NaCl solutions with and without tl]e addition
of 0.1 M NaF at 85 °C (203 °F). The fracture surfaces of all specimens will be exqmmed py =T T T T T T
scanning electron microscopy. Selected specimens will be further analyzed to verify hydride
T T T T T T T T formation and to measurefhydrugen concentrations. f T T T T T
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T T T T T T T T T T T T T T
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Test Set #1 for Ti SSRT on the Effect of Galvanic Coupling ‘!
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No. of Tests: 2 (one each of two materials) :
T T T T T T T T T Materials: Ti Grades 5 and 7 H T T T T T T
T T T T T T T T T Qrientation: Parallel to rolling direction ‘, T I I I ; T
Q, .. 3 Al T, .!’ e M 3 1.4 -th m 2,
T T T T T T T T Y i Type Titensile sp peew o T T T T T T T
Test Conditions: Deaerated solution C 1M NaCl + 0.IM NaF :
T T T ¥ T T T T T Temperature C 95 EC I T T T T T T
Extension rate C 1x107 in/s '
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T T T T T T T T T . Ope I T T T T T T
Data Monitoring: Load vs. Time !
T T T T T T T T T Deflection vs. Time I I I T I T T
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T T T T T T ¥ T T - Measuring both the initia! and final pHs T T T T T T T
T T T T T T T T T il T T T T T T
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T T T Last Cal: 5/1/03 Due: 11/1/03 —]
 E— Performed: 8/13/03 ]
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