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Diffusion of Hydrogen in Quenched and Tempered 21 Cr-1 Mo Steel
by

Yoshiichi Sakamo10, Keizo Taxka0 and Kiyofumi SHiMIZU
(Faculty of Engineering, Nagasaki University, Nagasaki)

An investigation of hydrogen diffusion in 214 Cr-1 Mo steel subjected to quenching and tem-
pering treatments has been carried out at room temperature in an attempt to establish the effect of
microstructures developed by the heat treatment on the diffusivity and solubility of hydrogen by
means of the electrochemical permeation technique. The results obtained are as follows:

(1) The diffusion coefficient in the mixed structure of martensite and ferrite phases obtained by
quenching from a low austenizing temperature is higher than that in the as-quenched martensitic
structure obtained from a higher austenizing temperature. On the other hand, the solubility of
hydrogen shows a behavior opposite to the diffusion coefficient. When tempered at 550°C, the
diffusion coefficient decreases but the solubility increases, regardless of austenizing temperature.
This is attributed to the precipitation of fine Mo and Cr carbides at the interface of the ferrite
phase, thus increasing the interfacial areas.  The interface acts predominantly as the hydrogen
trapping site, and hence an increase in solubility and a corresponding decrease in diffusion coeffici-
ent occur.

(2) With regard to the effect of tempering temperature on hydrogen diffusion, the as-quenched
martensitic structure has a low value of diffusion coefficient and has the maximum at the tempering
of about 350°C. The value of tempered structure decreases to a minimum at near 550°C and
increases again at higher temperatures. The solubility of hydrogen is high for the as-quenched
martensitic structure and decreases with increasing tempering temperature to a minimum at 350°C,
after which it increases until it reaches a maximum around at 550°C and decreases again at higher
temperatures.

(3) The diffusion coefficient and solubility of hydrogen do not change even though the temper-
ing time is increased up to 100 hrs at 350°C. However, in the specimen tempered at 550°C, the
diffusion coefficient decreases with increasing tempering time and the solubility of hydrogen increases
with it.

(4) In the temperature range of 7 to 60°C, the diffusion coefficient and solubility of hydrogen
in martensite tempered at 350°C can be described as follows:

D=5. 86 x 10"3exp[ (— 5530+ 310) /RT) (cm?/s)
C="7.27 x 10-Yexp[ (16 670+ 980) /RT) (mol/cm?)
The hydrogen absorption occurs by the exothermic reaction.
(Received Aug. 11, 1978)
F— . J—F 2% Cr-1 Mo g, KEEALEL SEANIED & LR, BRLFEEE

1 & E 7 vE =T ARTHBC BT A RBEEMCIIEER
RIMEHTHC BT 5 EEBREED YV 7 7 5 —, ERIOMAET % » 7 MBI TS 2 EHVERS
ha, mEnLoMEz: 214 Cr-1 Mo #2380

* ERESE RAISHES F11H . T - . .
o EaR EEAYTEE BN ma‘ob,n%@a%y@m?o 450CTHB. L
b EIERSE TSN ETTCRAT LRBHMOBEBCII CAMMNELLETTS &4

FEF0544E 3 B C7)



178 WA —, BRI EREL
Table I.  Chemical composition of 234 Cr-1 Mo steel used (wt. %).
Cc St Mn P N Cu N1 Cr Mo Al N
0.10 024 0.54 0 007 0 006 0.035 010 2.20 109 0 029 98 ppm

HBATS. — DK EE BRI
CXoTEEIRTWAZ ERWLNLTHD, FOkk
BRACIMPOKEORBEH L ELSBEL TS

ST ENBEETHD.

AR 2 %4 Cr-1 Mo §fidb DK Ko BN R
ETH—A77 4 MERE, BbLELERES IO
ELRNMoOBEYH LN T A Eie Lz, £9TKE
DILEERE, BREETESENEEEY AV TER
THEL, KOTHGSOBENET O 5% XigE
PFETHANS 2 L X » TRELBE BULBEBR/K L O
BARA Bt L7,

2 £ B 5 &

2-1 HAOAHE

FEME RO 214 Cr-1 Mo gk ch v, *oik
FWhH% Table I woRd. TH»LORK OHEUL
T E S Immx 25 mm iR il L,
BB L, b= ) —#T0/4 % CHE L.
BEI)F — A7 1 MMEREORE  BE 800,
850, 900% X 0U'950CT 1hr {REMEH, T
T 1hr REFFESC I - THES E L. QBELELE
EORE - {BE5B0T, Lhr FEmnts, BE 100~
650 COFIEIREC 1hr REHZES i -THE L L
Lic. 7eRBBEANEDS & LEK L oo i-» B
700C, lhr $i7cx UL ot ER L.
(B d & LRI S - HEE 950C, 1hr {RHEmmses,
{REE350C 3 X 06500 C 1~100 hr iy seh R f R 2e
W LTS &L mbmauiv-Th d Bt
Tole, FRAETSCEREN I EREL RS
B LCRRmEE L, S5l oBEEaciiaEg
FIBR S SO EREE B <SfedicEE 0.2um oPd
H o &I L.

2-2 KEFBBOAE »

KEFEBR BT BEAFREEEY i, 0
MWEM v EEZ 0.85~0.95 mm ORARE ZE
LTIl L IBHE L o S e, KEBE23
2°¢C 2.5 mg/1 HsSeOs % &7 0.9 vol % H,S0, ¥k
DEEBET R oBmEe Bif#EE 1.0mA/cm? o
BT Lo TRE SN, TO—ERE P B
LTBEEACER LTV L. BEECE L ARE
Fix 0.INNaOH BgcSUBEEE A+ vbXh
THERERCEZ bID. 201+ ALERIERE
ST EmE I hic, 14 Vbiria#EF vy a2z,
FEAWCEBROBRY —450mV vs. SCE 1z 2%

(8>

EBLTIT 7. KREBHED D OINEREE X 0%
%%@ﬁ&ﬂ@ﬁﬁ@ﬁ@ﬁﬁ%ﬁﬁﬁﬁﬁﬁ?%i
TOBEET B\ THEILDRAE AT,
2:C-F-yD loge-I? 1
t

10g(1/t_' J) =log Nz T 4.D

1

TIT [ =AREREREE, (=%ERH, D=ik
BRE, F=7 597 8K, C=¥ME, L=RKkoD
EX. LiehsT log/T- 1) vs. 1/t oEEEE G
LILEREL BRELZERT S L TE 2.

2-3 WEARTOTHOEE

RRIEBOC s 3 B BRG O 22 R T %
TR BHHRIETFOTF2s XOEEYRE L. %R
IR F O 4t CoK, fﬁz?%:fﬁbf??ta;ﬁﬁ@{llm,
{220} XHRIEHTAR O LIRS B YKL X - TEB L.
T T T BUEHHIE LI fiig (B2=B2—0%) <h b, (&
WHBHBTFOTA, D> IHEETE, 1 3EE
THD. DERCHPC y 7 — AFEFHC X 2 WERE
12 E 300 gr © 30 sec REREE LT - 1.

3 ERHiuEx

3.1 #—XFH4 MLEEDEE
KRDIHRE R S OB BECRITT A — 25 5 4
MEBEOHEY Fig. 1 wiRd. BV EA K EE

10*[:— : ; 5102
F O: As quenched J
R A Tempered at |
550°C, th |

108 L3

T T T1TTT

3,

T TTTTIT

I NN

Diffusion coefficient D (cm?2/s)
Q
Solubtity € {mol/cm3)

T
]

S,
4

L!lll
111

—gs

1
800 850 900 950

Austenizing temperature (°C)

Fig. 1. Effect of austenizing temperature on rdiffusion
coeficient and solubility of hydrogen.
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Fig. 2. Effect of austenizing temperature on micro

lattice strain and micro Vickers hardness.
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Fig. 4. Effect of tempering temperature on diffusion
coefficient and solubility of hydrogen.
Half-filled symbol shows furnace cooling
treatment without quenching.
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{a) As quenched structure after 800°C quenching. Ferrite phases appear.
(b) As quenched martensitic’structure after 950°C quenching.
{c) Tempered structure at 550°C for 1hr after 950°C quenching.

Fig. 3. Micrographs of quenched and tempered structures.
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Fig. 5. Effect of tempering temperature on micro
lattice strain and micro Vickers hardness.

DB — B\ ER R, — T RREO B
PERERO T h &L KOk 5. Fig. 5 kR
L SRR T OF2 8 JOEE V- F h L BE
400CH ECizgEd ELEEO ERE DIt WA LT
K0, BE 550CHETOREIRFOER LG LT
Wigw. SRR oBREAME TR Cr ik Ma(l;)fg:h\b
MaC+M;Cs, Mo i3 M;C 7o\ L MaC+Mo,C & LT
BELTWS EEZ bh, ZhbOWHRILY & B
724 EOEEM, OF D 2WELMEINI VI
DTHHEEZDRE., DEDVKED YT » T
BoFBRICHHEAR TEL LR T\nH b0 L%
% 5.

L7eds - CRFBIRBIC T 2 ANEE D & LB
R ANRED < L7 vy A P ERRC L - THA
SR TNDERAL, Wi, BERKERIOy7 7y
BRI E OB TR LUWED & LERIc i+ % Mo
BIOCr RIHERHT =54 P EOREIKED
MEBRA IR LT WB EE2 bR b, B kos
LS LB SWTCIIBEC LS F T » FERATER
B s o &b b

3.3 &%ttﬁﬁ@ o

il & LIRESS0C ks L U550C T 1~100 hr D FrE
RFfBE S & LR PO KEOILEREE X OB FE
D ELT 202 MENBTFO T3R8 LOEED
WEE & BB, BEDELIRE 350C DHED
%A Fig.6 kX0 Fig.7 o+ nAhnt. BRe
2L & URSRIR 20 he LI % @a R ik EdR
B, BREL bEERELIRD bR, Z0Z
LURHHRABTO T4, EEOELEEHEMCHEL
T, Licadi-TRE 350°C, #ad & LR 100 hr
DA CHEKRBCKE B RETEEOREDL &
L= 7 v A P OEBEEZI b DEEZBRS.
el & UIREE 550°C TOREIEE X OBENKTFO

(10)

T 1 1 1T 1 1T 17 T T T71
Tempenng temperature
— 350°C ]
L I D | -3
E10° 1 i H0°
= £ o = £
a [oofP—o—C—51 s
: [l 1 £
E (&)
b= - A -
8 z
2 1072 AL C -10% 3
s F A I = B
I I A—d 8
& B i
. l | L1

0 20 40 60 80 100
Tempering time (hr)
Fig. 6. Effect of tempering time at 350°C tempering

treatment on diffusion coefficient and solubility of
hydrogen.

T T T 1T ‘ T
| Tempering temperature  _ggg
‘ ' \ 350°C

~
o

£x10°

e} O Q
cc 50, ¢ |, ©

30 % 400

20J|1w
0

20 40 60 80 100

Tempering time {hr)

> o

Hardness Hv

A

Micro strain

|
|
i

300

Fig. 7. Effect of tempering time at 350°C tempering
treatment on micro lattice strain and micro Vickers
hardness.

L L O B
- Tempering temperature i
[ | 550°C
1075 i ( —ho3
- it C u
" = OOO‘O‘O\O r’ =
Eor 0. 1 %
s L —s &
o L - 2
- £
z =
S 108 H10% o
5 = D 3 >
o ~ — =
8 L 1 S -
s I _o—5 1 2
a —O 1 8
2 L i
1077 L1 L1 L1 hgs

0 20 40 60 80 100

Tempering time (hr)

Fig. 8. Effect of tempering time at 550°C tempering
treatment on diffusion coefficient and solubility of
hydrogen.

TR L FIET 5 &L KHOEESY Fig.8 X
O Fig. 9 wind . SREREUSSES & LR & 2 b
WRERL, BCBRBEIRYT5. ChidBEb &L
Frie HTHi Uiz Mo, Cr Ribom R bic £ 5 &4 7
=74 P EERLRI L DREEOWAEET S

[HkH] 55287 233065



234 Cr-1 Mo £Rrpo K SEikENc Fus 3 FE A & LARAR 181

|1[!llll||]

Tempering temperature
L0 |

o
30— —— H

2.0 O\O 200

300

£x10°

Micro strain
s
(®);
E \

Hardness Hv

0 20 40 60 80 100

Tempering time (hr)
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treatment on micro lattice strain and micro Vickers
hardness.
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