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- ELECTROCHEMICAL POTENTIALS OF NITRIFIED STEELS, ty Shun-ichi Satok.
Synopsis. The writer measured the single potential differences between nitrified or non-nitrified
special steels containing chromium, aluminium, titanium and zirconium and distilled water, sea
water, saturated copper sulphate solution and normal ferrous sulphate solution. He found that
special steels, when nitrified, become nobler about 0.6 volt in distilled water and abont 0.2 volt
in sea water, but become baser about 0.07 volt at first and finally about 0.08 volt in normal
ferrous sulphate solution. In saturated copper sulphate solution nitrified special steel has a
positive potential of 0.19 volt. In distilled water nitrified steels become black but never rusty t
form red hydroxide of iron (passive state). In normal ferrous sulphate solution, nitrified steels,
Containing no elements that produce great hardness, (except 0.3% carbon steel) show at the
begining of their time voltage curves the positive potential of 0.1 volt and become slightly baser
(without exception) about 0.04 volt instead of 0.03 volt, Considering the above facts, the
special elements to be added to produce great hardness may prevent the outside brittle layer

from being produced and small particles of iron may be produced in the outer layer of steels as
the result of nitrification.
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Table 1." Chemical Ana.lyses /l‘emperature and Duratlon of Nltndmg o
* and Hardness of S%ecml Steels.
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.Fig. 2, Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 1) ,
- or Not (Curve. No. 2.), in Distilled Water
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Fig. 3. Potentjal Measurement of Cr-Al-Steel, Nitrided (Curve No. 8.)
 or Not (Curve No. 4) in Distilled Water

—0.6
, :
B —05 e
& g N . 4 ) L—
A o —04 -
RN : & 4!
- RN 2 o
EH Q ] — —— ———
g = 4;3 . ‘ S ‘/'__’_/ o
- E © 0.1 = - 29
50 _ ——
L R0 ' . H?0
S 010 20 30 40 5) 6) 70 80 90 100 110 120 130 140 150 160 170 180 19C 200 210 220 230 240 250 250 270 280 200 300 310 320 330 340 350 36 -
Time (Hr.)
Fig. 4. Potential Measurement of Cr-Ti-Steel, Nitrided (Curve No. 5)
e or Not (Curve No. 6) in Distilled Water
=09 f R !
=z -0%8” : |
g L
S 07 \ ‘
3 \ R ] ~— NN
5 06 ]
‘g -05 \ e :
g B
.é 04 f i
8 ; 7 \
~ 03 iy
<l ; \\
S g =02 =
S'O . ‘\ .
.8 _,_;OS 01 . *ﬂ—w-\‘ 5
QO .
32 30
S5 00 H,0

0 10 :0 30 40 50 €0 70 80 v0 100 110 120 130 140 150 160 170 150 190 200 210 220 930 240
~ Time (Hr.) - '



Volt. towards Deci-normal Calomel

Electrode
&
fd

09

08 |

<07

-06 iL
05

-03

L.
o
| )

Volt towards Deci-normal Calomel Electrode

SO RERHRCAT

» I‘ig. 5. Potex‘ltialb Measuremenf of (5;3% Carbon Steel, ;N_itridedi}?g
(Curve No. 9) or Not (Curve No. 10), in Distilled Wg@e\g;{}k Ny

10

19
\_\;

32
H,O

3

"0 10 20 30 40 50 60 70 S0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 23
S e Time (Hr.) A ‘

Fig, 6. Potential Measurement of Wrought Iron, Nitfidéd (Curve No. 11)
" or Not (Curve No. 12), in Distilled Water- ‘

0 240

112

11

70 20 30 40 50 6) 70 80 90 100 110 120 130 140 150 160 170 180 190 200
' Time (Hr.)

33
H,0




84 : ﬁ@&;ﬁlﬂ '”a;""/\él‘: - %

u¢0%%ibﬁ@m %mm@ %ﬁ%mgw@*5ﬁmﬁb 06$»bhﬁ%hakb
ﬁféO’C”x%”éﬁl‘énéﬁ%{kﬁrﬁrﬁ*ﬁ“a ISR [ C&KEE)'CS H:@Z)passwe state & 7%, WL TH:
ﬁ%@%ﬁ@m&mﬁ&%x?om*mﬁéﬂkcik%@%oﬂﬁbkEﬂﬁ&&%@&KLT

BLY ﬁ’ﬁﬁ%&*}"% z &»ﬁ;;&gg\p o CDT &lE O. Hengstenberg .g: V. O. Homersberg ©7kmij“§'% »

"F%Fei“ﬁ%%%?ék%%Oc‘:,uVih% COBEMEED TR, BRY 2 gﬂﬁﬁfﬂf‘fl)ﬂ K%ﬁﬂ&%
'-ﬂcbkiﬁ/\@é H%Vcﬁk‘ifh%ﬁm é(%{l:@&kcﬁa%}?@&%’\fa%o

Kmﬁﬁ%9m@kt2ﬁﬁgmbkéomoé ﬁ*@%ﬁ%ﬁﬂfﬁém(ﬂg6)th@

f@&%ré? ﬂ%ﬂ@b%@m@mmmf%@a 22 &gl MEEETY, %@%Eék%@?
-%Aa&msnkm wm&w:&@mn#ma7/% 7E%mfsmm CEm LT, ELE

Limi:ﬁ}"\%?é@?d%‘f\ﬂ% bd 1918 £l F Hanaman ﬁxﬁﬁﬁ]k 650C. Pl _kictgl L?'C‘é@ﬁ%’%%
,@ﬁawamiéc&%xorm% t@2A@ «tm%gmﬁuT%%%#Lmekﬁﬂ&’

e Tan.

,ﬁﬂ% m%uﬂﬁkﬁbk@k%tMﬁ@§@CCﬂﬂ%( m@%%&%mi%%ﬂ@&@ﬂ
WTH5 ‘

T. T. Rlchardson ﬁxﬁq:yc»&\inkz,gggjpg I SRTLIWAICTIE, EELLLBUbO ’

BCATVOL ) S RHGERAT EXHNT WD, 2 OBHMOREIEEECE S b o,
ﬂ@tnmAink%~%m%§@ wmi%%O#%%@%:&&%«B%o

<m Mk WkE LTR, 2oMRcES, 2m//mwnom,/M@o+h&/6Mgu@m'
@@k%&%C&&LkOM%£@%@KD%ﬁ& { F—c. kxmozﬁmmaﬁ@oﬁm&@'

(ﬁ;VC(EUE“&c B, I‘EK%?{%U?}?&E%V‘%O @Uﬂi@ﬁ}:@@ Table III &JTL Flg 7—F1g
11 VCEﬂff L7zo

Table XIX, Potentlal MeaSurement of Various Steels, Nltnded or Not in
Artificial Sea Water. : : » v Temperature 23 8°C—-17 3"0

N . e (i :
Finure Sample | Corve Time (Hn) Remark
7 . r 3 . .
s e ~ Volf  fowards Deci-normal Calomel tlectrode.
: I 5! ;
0 |1 |28 [ 300 400|582 128 [ E 1268 lac S [ 5220|7985 a5 S [roro a2 |2 2 oo BhaiS s 25 65 22 17222 189251106 25 24000 | 263 28700 % | 35728 3328 .
NFvided 1 —T= - o — — = - - - — 1= = . = = - —t= - = . Rusred
7 N 23 02057102507 102774 (0313 |03322{03437]03523 {03561 [03608(039430; 2 x ! 05241 05174 4210.5249| 0 15727 2/05596 20{0c025 .
4 10 1 20422010 | 0 [o20 ()85 pasloors i 2| eol sl awliecl ael- 2ol . dsi| as| ue | st s : 50 10l 185 |1, 350 28
: N 5o |65 | 25 |35 |+as [5& M | BB 285 |46k 1 o | 1135 B0 B E [ B s i 28 e ZE et 7o ] B4 120402872 30 2 357 25 3915
P BT RN HE T A Er EEE EI A AP R I [N RO (i ey B S e FR 36 S mn T
0.6708 {0690 [06964 06987 09097107047 077)1 7149|0714 (0771779 [0 hay Dﬂl']q 001033 [orri43{om8 (07522 0Ty 7084 |0 07043} 07091 [07099 | o101 foTi26 oo2| -
a5l i 25| EP el T
- o {355 125 | 300 [ a00 | 512 |28 |20 28| B el |52 20 nrle 955 00073 22 hza Bl (148 fios 32 hmailieasEliae S 21s o0l 26938 S|hpas
Nitvided 3 = - = - pus = A = = . - - = R - T =1 =1= Z ~ 1 = — = = - N ¢
2 2 021510 3241 |03334/03256 3 X 4008 73(0.3389] 0332610 3214/0.3255{0 AT39] 05143 (05093 442310444 37)0.5167 0! 95016 [aSeed
4 4 . - S
- s S
R BB R 3R] sk 25225 2854622 5225|123 l4523 10112 (7 &2 28 s 2larE? 119833 165 851172 52114033 1962 {21482 20 0] 26728 30 ZS | 35928 anr 32
- 5
- - - - - C . y — - - . - - - - - - i - — - - - - - !
07009 07212 [0/7252{Q72% 729 q}07342|07393 0 2l A0[0T7422 q/074\7 {07410 739407372 [07369]07361 | o 7007869 7371 [ 0.7338) 073850736}
of y o a5 : ) )
’ o |22 132238 | 4R |22 2422 4013 5325 | 1032 4728 (942 iasco 1673 (19300 (2382 20288 . ) ) e
Nitvided] © N R R ~t ~Je =1 -1 =1 =7 -T<=7T=
: 03101 [04367]07835 7821 041736} 07163 1 [0.4094 03964103 3292 0. 55 ) 50305610
2 '72 2 5¢ 24 2 o 5 S0 15 so 30 | 355,45 LS < 1”0 45
0 | B B2 |35 |42 6B | 23293 (408 | 5322 1022 [ 1727|3422 ras00 [f672 hazso |228 5 202
& —+ “
05725 |0.baor]omiT 7424{07484]07584 |0.7775 |0 7857/0:1880 [0.7881 | 07929] 07835 |on834 [o7877]0.1830 0 786407855 o8 51
o « . 2 oS 20
S8 |28 28] 48] 52 [0 2222|2083 [4c 2| 5228 2P |as 2 [imiE |ur 2 1223 {12600 [141.221 14822 16522 |17225 | 9000 [ 19632 [21422| 26325 20725 |31 22 | 35922 e 22
Nitvided| 7 T = = [ = - 7 = 7= T=T-7-7T=-71< T S = T I = =TT < "
04255 |0.4635 e 7 3 706773 {04727} 04 57310, 48¢toca0Tloc424l0395 beaas 4 165t (06518
40 64 25 25 5 2 55 1. o 40 e
s G | 1B |28 |38 | 48 |5 [ | 3|03 62|52 1w a2 B mE 2ats | as g 22 14832 16522 [17232| 19022 19622 (1142724232872 31200 (35782 {38153 .
o |os0d3 06'7‘7‘- 0'7135 07216 10724707374 |07 24 07673 07685 [ 795 | 3§ 078 To]0.78'6 |o7314[0m71903 07850 0. 7831 {07836 [0T825]07171 [01993(017649|01T% 831
a5 . 551 o
o |G | 52 {228 {2915 |46 22| 5300|6952 | 9722 10122 |1aq 2 | 174214052 | 2202 2045 20| 3e2E 34083 [30052 406 2
11 65 | Nifnded| 11 I e — Tt — 1= ”
414 8363 3 3214 |23140 |0.3059(02491 la2884 Dfi'l‘l 02452 9,2555'02354 @3193 (02817 [0264%102605

R N

i,.t



o —.

- v%"?m@ﬁ@ﬁﬁ%ﬂﬁwﬂkf 85

’g Fig. 7. Potential Measurement. of Cr-Al-Steel, Nltrlded (Curve No. 1)
g or Not (Curve No. 2), in Art1ﬁ01a1 Sea Water.
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v Fig’. 15. Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 1)
- or Not (Curve No. 2), in° Normal Solution of Ferrous Sulphate.
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- Fig. 15. Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 8) -
g or Not (Curve No. 4) in Normal Solution of Ferrous ‘Sulphate
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’g Fig. 17. Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 5) N
g or Not (Curve No. 6) in Normal Solution of Ferrous Sulphate.
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'g' Fig. 18. Potential Measurement of Cr-Al-Steel, Nitrided (Carve No. 7)
= or Not (Curve No. 8), in Normal Solution of Ferrous Salphate. *
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Fig. 19, Potential ‘Measurement of Cr-Al-Steel, Nitrided (Curve No .9)

or Not (Curve No. 10", in Normal Solution of Ferrous Sulphate.
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Fig, 20° Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 11)
or Not (Curve No. 12), in Normal Solution of Ferrous Sulphate.

~09

08 o R ‘

07 |- 2 ' o Fego;
0’ 10 20 30 40 50 60 <70 80 90 100 110 120 ]30 140 150 160 1'70 180 190 200
R ' o Tlme(Hr) '

Fig. 21. Potenrial Measurement of COr-Al-Steel, Nitrided {Curve No. 18)
or Not (Curve No. 14.) in Normal Solution of Ferrous Sulphate.
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Fig. 22. Potential Measurement of Cr-Al-Steel, Nitrided (Curve No. 15),

in Normal Solution of Ferrous Sulphate.
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Fig. 23. Potential Measurement of Cr-Ti-Steel, Nitrided (Curve No. 17)
or Not (Curve No.16), in Normal Solution of Ferrous Sulphate.
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Fig. 24. Potential Measurement of Or-Ti-Steel, Nitrided (Curve No. 19) -

. . or. Not (Curve No. 18) in Normal Solutlon of Ferrous Sulphate
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Fig. 25. Potential Measurement of Cr-Zr-Steel, Nitrided (Curve No. 21) »
or Not (Curve No. 20), .in Normal Solution of Ferrous Sulphate., ~ -
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Fig. 26. Potential Measurement of Cr-Steel, Nitrided(Curve No. 23)
or Not (Curve No. 22), in Normal Solution of Ferrous Sulphate.
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Fig. 27. Potential Measuremant of Electrolytic Iron, Nitrided (Carve No.25)
or Not (Curve No. 24), in Normal Solution of Ferrous Sulphate.
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Fig. 28. Potention Measurement of 0-3% Carbon Steel, Nitrided
(Curve No. 26’), in Normal Solution of Ferrous Sulphate.
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Fig. 29, Potential Measurement of Wrought Iron, Nitrided (Curve No. 1) or Not
(Curve No. 2) in Distilled Water.
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Fig. 30, Potential Measurement of Wrought Iron, Nitrided (Curve No. 3) or Not.
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P1g 31, Potentml Measurement of Wrought Iron, Nitrided (Curve No. 5) or Not
(Curve No 6), in Distilled Water
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Fig. 32, Potenvial Measurement of onught Iron, Nitrided (Curve No,.7) gr-Not
(Curve No. 8), in Distilled Water. ‘
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Fig, 33. Poteﬁtial Measurement of Wrought Iron; Nitrided (Curve No. 9) or Not
(Curve No. 10), in Distilled Water.
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Volt towards Deci-normal Calomel Electrod.
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: Fig, 34. Potential Measurement cf 0-3% Carbon Steel, Nitrided (Curve No. 11)

or Not (Curve No. 12), in Distilled Water.

Time (Hr.)

0 100 20 30 40° 50° 60°. 70 . 80. 90: 100 110 120 130 140 150

160 170 180 190 200

S By o j e
’0,0—0'—'—— v
L
/)
— \\\ '
- \ N i
\.\& ) <
: L‘*O-\ ’ Appeudix
R H20
0 10 20 3 40 650 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Time (Hr.3
Fig. 35, Potential Measurvement of Wrought Iron, Nitrided (Curve No 13)
or Not (Curve No. 14) in Distilled Water.
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