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SR a-Fe ot
32Fe¢ : 1H 16Fe : 1H 8Fe: 1H 4Fe: 1H
AOE/% 0 3.03 5.88 11.1 20
i 1x1x1 2x2x4 2x2x2 2x2x1 1x1x2
a/A 2.84534 5.72001 5.68230 5.59628 2.80911
b/A 2.84534 5.72436 5.68231 5.59635 2.80923
c/A 2.84534 11.42787 5.86762 3.10364 6.25607
a/(°) 90 90.00016 90.01109 90.00421 89.9964
B/(°) 90 90.00016 89.99278 89.99736 90.01475
v/(°) 90 90.0006 90.00199 90.00672 90.00911
R 2 ) % 0 1.52 2.81 5.49 7.16
#2  HALT AR a-Fe-H I &b ORI A5 1)
e a-Fe o-fe
32Fe : 1H 16Fe : 1H 8Fe : 1H 4Fe : 1H
AE5E/% 0 3.03 5.88 11.1 20
JEH A Ix1x1 2x2x4 2x2x%2 2x2x1 1x1x2
a/A 2.84534 5.71974 5.73936 5.742 2.89253
b/A 2.84534 5.72537 5.75068 5.81281 2.88892
c/A 2.84534 11.42717 5.74557 2.88526 5.92895
a/(°) 90 90.00097 90.00163 90.00441 90.00385
B/(°) 90 89.99681 89.9959 90.02684 89.9865
v/(°) 90 90.00154 90.00805 89.98321 89.96428
WAEIK 2 /% 0 1.53 2.9 4.51 7.53
£3  HALT/\HRFIBR ) y-Fe-T fi i i HUR 5 R 45 1
Stk +-Fe Tt
32Fe: 1H 16Fe : 1H 8Fe : 1H 4Fe : 1H
AEE/% 0 3.03 5.88 11.1 20
helnyiol 1x1x1 2X2xX2 2x2x1 Ix1x2 Ix1x1
a/A 3.45963 6.93275 6.94299 3.49102 3.51597
b/A 3.45962 6.93375 6.94251 3.49180 3.51631
c/A 3.45962 6.93344 3.47777 6.96068 3.51593
a/(®) 90 89.99999 90.0025 90.00015 90.00131
B/(°) 90 89.9992 90.0038 90.00041 90.00048
v/(°) 90 90.00026 89.99507 89.99997 89.99500
I 2 ) % 0 0.65 1.20 2.46 4.98
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F 4 HALT DUTH AR y-Fe-H fivté i BOR &b (44514
AR A AR AR ~v-Fe v-Fe
32Fe : 1H 16Fe : 1H 8Fe : 1H 4Fe : 1H
AE5E/% 0 3.03 5.88 11.1 20
Flnyi o) 1x1x1 2x2x2 2x2x1 1x1x2 1x1x1
a/A 3.45963 6.94089 6.96227 3.50250 3.54465
b/A 3.45962 6.94067 6.96305 3.50239 3.54439
¢/A 3.45962 6.94017 3.47972 7.00210 3.54461
a/(°) 90 90.00179 90.00393 90.01362 90.00561
B/(°) 90 90.00441 89.99393 89.96954 90.00914
7/(°) 90 89.99869 90.00942 90.01801 90.00964
AR/ % 0 0.97 1.84 3.73 7.55
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a-Fe-H U i AT 1.662 1.462 1.514 — — —
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Bz, iX 5 Lee Al Jang[®) (KB 5045 B2 — 1.

A, R L—ATTEN, JLAIAL S, A ek
R AR, FF Hax Fh i ik R R b A SR B 1
RIMHGR. XAE— @R B3, HEIRE A 2 5
KIE SN, SBARSS MO AT E, i, BIEE
Al BE A AL | A A A B ALY HOE R, XH S
EV N MW EEN B TR =

T IRNG T H R F1E a-Fe £l y-Fe & 4 8] B
W R I o5 AL, AR ST SR i A 5 A 11 e = A R
T A IR, A% b T Ak b ] B AT
a-Fe-H fll v-Fe-H fn A i M g &, HitHE 7 =& K
ZAE, MR ME TN, NRHFITLLEH, A
[F) SR FE T 1 H s 76 A T )\ T A 8] BR A I,
o-Fe-H Sh A4 IR d i e 50 b DY 1 4 18] R A ey, X33t
BN Em A% BE A KRR, H IR T1E a-Fe d AR
Je DU AR R B AL, AR 7R T LR H, AR
¥ e, X R B HALT )\ TR 8] BRI y-Fe-H &
IRZE R RS E, AN — M FE BT HAE y-Fe
HORER S A )\ T AR [A] BRASE

#6 HALT /\HENBE (Octahedral) F1PYTH 4[] B (Tetrahedral) ] a-Fe-H ffAfit &

R a-Fe o-Fell
32Fe : 1H 16Fe : 1H 8Fe: 1H 4Fe : 1H
O-site Fiot/eV —1732.40207 —27734.74940 —13874.84847 —6945.08465 —3480.58093
T-site Ftot/eV —1732.40207 —27734.74965 —13874.99120 —6945.43760 —3480.63528
AE/eV 0 0.00024450 0.14273 0.35294 0.054354
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F£7  HALT/\EAKEIF (Octahedral) 1P HIAE R (Tetrahedral) [ y-Fe-H gh A GE &

AR +-Fe y-Fe-H
32Fe : 1H 16Fe : 1H 8Fe: 1H 4Fe : 1H
O-site Eror/eV — —3464.07216 ~ —27728.42862  —13872.12508  —6943.97590  —3479.88316
T-site Eiot/6V ~ —3464.07216  —27727.95749  —13871.72023  —6943.61385  —3479.58390
AE/eV 0 —0.47113 —0.40485 —0.36205 —0.29926

3.2 mIFEAEE

pn RS R Ra e S5 g A Re UM OC, fafk
E A B NE O, M) AR M kAa 2. ik &
B2 B IR 7 35 T80 T 45 6 R AR By
B ee s, Hal DL T RAE SR8 A A, b
BemRmgE A . e P22 R
E@:%@%—am% (1)

Hrr) B, RHBAAR T R 74T B RS
M BB T Fiow WA a-Fe, a-Fe-H, ~-Fe 8% y-Fe-
HéafAR SR s, N T iHH a-Fe, a-Fe-H, y-Fe fll
v-Fe-H R I 45 & fe, ACE%ETHE 7 HHFe R
THHEBHETRAERE, 2508 —861.50191 eV Al
—13.73544 eV. 1M a-Fe, a-Fe-H, ~v-Fe UL & v-Fe-H
ARG RS RMEIME IR, HE
ALHN, a-Fe 1456 fe v B MH 9 4.69 eV-atom ™1, 1X
550618 4.29 eV-atom ™ SR BT AR P X
AR 5 I o-Fe M1 a-Fe-H &4 44 LA % v-Fe Hl v-Fe-
H aa R 1 45 & Re il 7T LUR I, WA 5 1 a-Fe-H
Al ~-Fe-H S A [ 454 e 35 LI ZURT I AH B a-Fe Al
v-Fe snA/N. I H., BEE SRS EE R LI K, a-Fe-
H AR y-Fe-H &k 1945 & BEIZ W is/N. KPR

Troianol* §12 1 LS55 B 316 v Jn, VR 1 [V
T&JE Fe Ja, ¥ 15 Fe dié 10 BOHR R 035, A
1M FEAR Fe dt R K45 & B8, A SCHITHRER Y], AN
WERER TIEN a-Fe fly-Fe J&, 58 a-Fe-H
M ~-Fe-H 45 & REFRAR, X WM A4 R 5
Troiano #& H ) S 559 8 B 1R AT

FAN, N8 IR 9 il LLE Y, HAL T DU
ARTRI B AL ) -Fe-H i 14 25 &5 RE EX )\ T A% T7] 557 s
R, 1 HA T\ AR 8] B A 1) ~-Fe-H iy 78 45 15 fig
O L Y s ) 5 7 O, I N 53— T3 T K EE
T HJE TR G, £ a-Fe 485 b 4 DY i 44
[BIBRAL, TIAE ~-Fe oINS o 9 )\ A4 [B] Bz

3.3 H7E Fe hEIARRN

Fe fi A 195 S0 AR B VU AE Fe th O 99 1L
RERE, MR Fe 2 (0 200 5622 0 il G 1
AT, HEFEEER TGRS B Fe, I R1E
TR, OEEER T AR EFES
2T IREE NS, B AR T 1E Fe d ik K% fif
HoE LR

1
A-E[sol = EFe-H - EFe - iEHQ’ (2)

#8 a-Fefll a-Fe-H k45 &

a-Fe-H
“hitrhe a-Fe
32Fe : 1H 16Fe : 1H 8Fe : 1H 4Fe : 1H
O-site Ep/eV-atom™1! 4.63493 4.53426 4.37043 4.16756
4.69912
T-site E},/eV-atom ™1 4.63494 4.54265 4.40965 4.17844
K9  -Fefly-Fe-H fifhiI45 46
o i v-Fe-H
hiaHe v-Fe
32Fe : 1H 16Fe : 1H 8Fe : 1H 4Fe : 1H
-site E) . -1 4.44 4.374 4.2472 4.02801
O-site E}/eV-atom 4.56460 339 37406 725 0280
T-site E},/eV-atom ™! 4.42911 4.35024 4.20701 3.96816
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HH, Eren, Ere M By, 53029 & Z0H & M AH B
AR SR HRE S TIaGERE. e X
NATCUE H, MR A, WA R R R
N, HR T2 5 R T 48 Fe . FIFEAE Fe P
TR PEE, GRS Fe-H & R 1 Fa 5 PE 47 TN,
AR IASEOR, BP S M SR R 7 R T Fe, X
Wi Fe-H & RANSE AT &

ANFEA S EMAE AT K a-Fe-H fl y-Fe-H
e R A RN R 10 Bk, R LUE H, 7
i PR ¥ IEAH, R 9 H R T 7E a-Fe il y-Fe
(10 5 f o 2 7 BRSO AR B, L AR HE [ VA T o-Te
Hly-Fe fb fA b, 33 55 A0 5C 1 S 30 A 70 45 SR 2 — 3K
(Bl HR, Fe: HEE/RLE N 32 : 111 a-Fe-H §hiik
Hp )\ T A AR DU T A ] B A7 PR 98 A AR A AR TR, X
po =l nl ot A AN IR N TR AR W IR EIE Y
J it R 2 DY TH AR (R BR TS 54, a-Fe-H AR\
TR A7 ) S5 97 i B D T A T B 57 ROV O
117 ~y-Fe-H &g 44 HH DY T A 8] [ A7 119 % g # L )\ T
) B R, Rk, MWEJR T 7E a-Fe fily-Fe
PR BRI R, HR T4 5 3% a-Fe (DY

T 44 [E] BT T y-Fe 1)\ THT A [T B A3

3.4 HXfFe @R TR

RSB P e SRR, H R 705G 85T a-Fe
%) Y T A 18] B A2 A1 y-Fe B\ T A TR] BRAE. A T M
HL - 45 44 2 UG — 2D R A o AL R B H R X
a-Fe Fll y-Fe & A4 1 HL - S5 A 52 ), AR S 53 il v B
T AT LA 22 0 B DA S W AR AT, AT T ]
B H R 1 554l Fe J& -1 (A BAER.

Bl 5 (a) B AR 060 T VU T4 R] BRI o-Fe-
H i (8Fe : 1H) [ Fe, H JE T A%, H i Fe i
TNHIE TR Fe i 1. ME A LLE H,
i 7% BT H R 7 1s A — AN, 7 1 —0.5—
0.5 eV X33, [ fERe K ENH, JFm sl 2
—9.5——7eV X1k, 1M Fe J& ¥ 4s B 71 & ¥4 )5
FEReIE L B 0% {5 3p A1 3d HL T A C I B AR
th. ATLLEH, £ —9.5——8.5 eV X4, HIf 1s T
5 Fel4s BT AA/EE S, XU FeJi 75 HJE T
FELETIES B A L HEAE A

F10  HALTAERBR o-Fe-H 1 y-Fe-H il A I i 4

R a-Fe-H v-Fe-H
2X2x4 2x2x2 2x2x1 1x1x2 2X2x2 2x2x1 1x1x2 1x1x1
O-site A
AHg/eéV-atom™  0.1539 0.2841 0.5311 0.2228 0.2706 0.1656 0.1872 0.2046
T-site W fiF#
AHgyy/eV-atom™!  0.1537 0.1414 0.1782 0.1684 0.7417 0.5705 0.5493 0.5039
4 4
| b
3@ — H s I ) i i —H1s
21w i 2r |
1k H
T /il T i
> 0 > 0
% 6 — Fe 4s % 2 . —— Fe 4s
< 4| &R — Fe 3p | 5 WERr VY — Fe 3p
O Fe3d ~\ | A\ Z ~ \
w2+ \J AR %) A T Fe 3d
@] P N \, Q 7
(SO - e 0 st e I e
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5  (MTIR ) S5 F 4T 5K S AL R a-Fe-H & A v-Fe-H @& (8Fe : 1H) [ EIIL4S Fe, H R F A%

(a) HALT PUTHAREIBR ) c-Fe-H & k; (b) H AL T\ THAKIEIBR ) v-Fe-H A
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A5 T AL T\ TH A 18] BR AL (¥ y-Fe-H i 44
(8Fe : 1H) [ Fe, HJ5 7 HL 7 2 % FE Wi &l 5 (b) fr
. MWEHREIFER LA tH, £S5 3N y-Fe i
P\ 8] B /S, H S 9 1s U038 L5 1) 72 72 3
—11——7.5 eV [X 3, M X IR IE 475 Fe i1 1) 4s 51
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s P d
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a-Fe-H H 132 0 0 1.32 —0.32
0.10

(8Fe:1H) Fe 0.56 0.71  6.64 7.91  0.09
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v-Fe-H 0.34
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W11 . W RLE M, HIE 77 a-Fe fil y-Fe H
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v-Fe-H ft A& 1 1 H 5 540 F )\ AR BR A7, 7T R[S
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— A, AIREe T EFe JR T 2 18 IR F 9858,
XAE—E RS ERE RS o-Fe-H AL S REICT
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SURBL, TR H R F RN, AE05 B a-Fe Ml y-Fe
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Abstract

In this paper, the site occupations of H under different mole ratios in interstitials of a-Fe and ~-Fe are studied by
the first principles method based on the density functional theory. The total energy of the steady state crystal, binding
energy, solution heat, density of states, charge density difference and charge population are calculated. The interaction
between interstitial H and Fe lattice is analyzed. The influences of hydrogen dissolution on electronic structure of a-Fe
and -Fe are discussed. The results show that the dissolved hydrogen leads to the lattice distortions of a-Fe and ~-Fe, and
the volume expansion ratio increases with the dissolved quantity of hydrogen increasing. The energy analysis indicates
that the hydrogen preferentially occupies the tetrahedral interstitial of a-Fe, while in the v-Fe it preferentially occupies
the octahedral interstitial. The analyses of density state, charge density difference and charge population reveal that
the interaction between interstitial hydrogen and Fe lattice is contributed by the H 1s orbital and Fe 4s orbital, and this

interaction is relatively weak, which is one of the main reasons for lower solid solubility of hydrogen in Fe lattice.

Keywords: metal Fe, interstitials hydrogen atom, first principles, solution heat
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