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Table 1. Chemical composition of AISI Custom450 steel [19].
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Fig. 1. A schematic of Standard sample of tensile test.
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Fig. 2. Hydrogen charging circuit and cell. a) Real circuit b) Schematic circuit.
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Fig. 3. Sample prepared for hydrogen charging.
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Fig. 4. Hydrogen discharge cell and circuit. a) Real cell b) Schematic circuit.
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Fig. 5. Sample prepared for hydrogen charging and discharging.
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Fig. 6. Diagram of polarization current over time for two charged and uncharged samples.
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Table 2. Hydrogen values for samples with 30 minutes, 1 hour and 2 hours of hydrogen charge.

mol abs NI -
c, (E] i (mAxs) 39008 5L/ 5L ylojae
¥IYYX) - AID s Y
q/FEx) -7 Y¥i5 el )
VEIVY XY - Y/ Celw ¥

W ol iy 25 g (5 Lol Judow Wloadio —F

P Jis sl iz ) plaS o P s i i ] 53
Al Aelg dwlxe L§)L°—| Jelod S 4y dly sloitio 5
R g R SR VCRCHILTE
G ke 5 Jals il slo ke 1 plaS e wilow
5 Sz uSh ahis gl gl iyl
S e o Py S (58 55k (o 955 00 G155 ¢ s
Kol it y2 Wilomy (5 &S Lin o P4 5 S39,000 505
Ly 3Py s Py o5 ke i dmlons (5l 2L R olysis
Ayy] 35 oo oolawl (0) 5 ()

S
P, =R 100
ST,R )

SrevR
=——>=x100
ST,R ()

res ,R

oo

el 59,000 3
Sgd o dmnle (V) alal) 5l 5,000 'adale ol

abs

_=H

Cy = E ™
STy 00 oSS, laye iSIl sl Z alal, ol o

Gges yie o> VY 5 APFAY C/mol L ply g sol,6 culs F
25 Jsboxo b olas 55 s 5 ol (xS e Bl o
aliwsds g 98 e celus drlns b L[] sl (905 csliess
5 omimen el Cawsds MDY MAS U ol (00 e oS
A dulee YIYY xmol/em”™ V7 135 5000 oyl (V) adaly 5 b
g el V ado Ve b sladises sl 59,002 polae ¥ Jo jo

o 00 00)5] W) L5’)5)M ))Lw Celw Y

1 Concentration



DFVA b 0S0A axio A+« Jls Y 6)lad DY 093 58 ool CSilSlo pusiio 4y 3

NH] NHZ 2
(zRH1+zRH2j
CF =
NH,l +NH,2

9,5 oalatwl 3.5 (V) alaly 51 les o CF)‘.\.?'M dwle gl

Nresl me,z 2
Z Rms,l + Z Rres,z
i=1 i=1 AR
CF = (QRD)
Ny +N .

ol 5l S i mp dnulre sl &S syl 0B
Ivy] catoasasl | (VV) alayl, o] aculns (6l ol IS il s

m\ A re\ 2

ZRV@SI+ Z Rres2 aY)

g A cuSs gl mhaw ials L g pdlas] sle )l
el 00 03,51 (V0) 5 (VE) (1Y) Ll jo s g 4 U Koy

[ -1
L=-1L—2 oY)
ly
A, —A
4= "1 \f)
AO
U, ZIO'dé‘ )

Wges ahatie gt iges Job cui S L E g0 A J o] o a8

S jlade dpsloe jslaieds izmes aidlioe S g S
o S e @ Lie s o LBl e by siel )y o (DL
el 5.8 s it Gl ol ol Lo el o Jlie e b el
OB OF) Ly, 5l s Ginlojl o 508, 5:Slee o sl

sl 00 solazwl

_R-R,

x100 %)

AY)

M)

JS u"";l'.’.)‘ﬁ A Sres,R 5SH_R «(0) 9 ) @‘5) )

Roclgds e (sl a wilowy (235 5 (59,000 635 slaymal b

solazwl (V) ¢ (#) L, 5 Sm 5SH polie dcule gl aiius

Ivy] o9
R}, R,
Syr=—1r-+—"2-CF *)
NH,] NH,2
eresl Rris 2
Sres,R = B — CF (V)
Nres,l res 2

Sl bV s gohe i @Y 5 Gugin) Il Ll o

@ pY aesge plas sl (A5 g (hgydee 05 Sl 9o
5L g aeleSG 5L mhaw 93 0 (Sigdee 635 &5 el 53
STV 50 S95m 93 b bai o s 99 50 dilowy (15 g ateliogo
R 5 Ry slajially (V) 5 () Ll po lostiolass 55525
Sl polie (olil 4 Roaly jine ol ggeome mye i @
) 9 M) Ly, ©jygon o ol Wloawy A5 5 (Sh9,000 95

VY] wsis oo dnlone

2 2
NH,I NH,Z
2 _ 2 _
Ry, = Ry | Ry,= Z Ry, M)
i=1 i=1
2 2
re:l re:Z

R, = Z Ry | \Ren= Z R, )
SR 595 ) gl (Sl baialesl S slass (pizeen

oN o L ),SS S slows Clucal ) wlewy (35 o 90 9
ahw 99 9 Giged 605 ¥ e Gl 4 lagialesl S olass
ools HLs N, o L (b),sS S slawy ol L) wlewy 35
G5 ) s sl a e ialesT S slaws aplie jebay el oo
L (la,lS5 JS slaws Sl tb) (59,000 (695 gk 59 9 wilony
s 99 g Sl (25 Y s il o talesl S olawi s N,
o3ls BLAN o b (a5 S slasd Sl L) (G590 605
aS 009 pumeal ,giS B CF il )l (V) 5 (7) Lalg, o sl o

Lryl Ogl oo a5 (V) daab O ygods

o1



a (N

SANTAM STM-250 6l8iaws 55 (i (yg03T Giales .V S5

Fig. 7. Picture of tensile test on SANTAM STM-250
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Table 3. The values of yield stress in each repetition o, » the mean value of yield stress o, the standard deviation .S and the
mean standard error of S in the baseline experiment.
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Table 4. The values of yield stress in each repetition 0,» the mean value of yield stress ¢, the percentage difference be-

tween the mean value and the base state ¢%, the standard deviation S the difference between the mean value and the base
state d and the mean standard error S in four experiments I5-C1, IS -C2, 19-C1 and 19-C2.
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Table 5. The values of the ultimate stress in each repetition 6, the mean value of the ultimate stress, the percentage dif-

ference between the mean value and the base state €%, the standard deviation S, the difference between the mean value
and the base state d and the mean standard error §, in four experiments I5-C1, IS -C2, 19-C1 and 19-C2.
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Table 6. The values of the flexibility in each repetition L, the mean value of the flexibility L, the percentage difference
between the mean value and the base state ¢%, the standard deviation S, the difference between the mean value and the

base state d and the mean standard error S, in four experiments I5-C1, IS5 -C2, 19-C1 and 19-C2.
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Table 7. The values of the failure cross section in each repetition 4, the mean value A, the percentage difference between
the mean value and the base state ¢%, the standard deviation S, the difference between the mean value and the base state
d and the mean standard error S, in four experiments I5-C1, I5 -C2, 19-C1 and 19-C2.
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Fig. 9. Representation of four broken samples in experiments a) I5-C0-N1, b) I5-C2-N1, ¢) 19-C0-N1 and d) 19-C2-N1.
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Fig. 10. Failure cross section with x60 magnification in two conditions: a) I5-C0-N1, b) 19-C2-N1.

e SIS S 8foibins! Bl yzxil @ 7. Lo <l s bruwgito o S duo s Ur oo yiy bawsgia sl Uy, 41,55y 30 Ko yhey yrolio A Joocr
[1-CY g [A-C) I8 —CY 10— O\ SialosT Jlez 508, ufilio ,laibiw! glhas 5 d Lo o bauwgio ylio b bawgio

Table 8. The values of the toughness in each repetition U, the mean value Ur , the percentage difference between the
mean value and the base state ¢%, the standard deviation S, the difference between the mean value and the base state d
and the mean standard error S in four experiments I5-C1, IS -C2, 19-C1 and 19-C2.
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