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First principles study of dissolved oxygen water
adsorption on Fe (001) surfaces
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(School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract: In order to study the mechanism of dissolved oxygen content on the surface corrosion behavior of Fe-based heat
transfer, the first principle is used to study the adsorption of O, monomolecular, H, O monolayer and dissolved oxygen system
on Fe-based heat transfer surface. The GGA/PBE approximation is used to calculate the adsorption energy, state density and
population change during the adsorption process. Calculations prove that when the dissolved oxygen is adsorbed on the Fe-based
surface, the water molecule tends to adsorb at the top sites, and the oxygen molecule tends to adsorb at Griffiths. When the
H, O molecule adsorbs and interacts on the Fe (001) surface, the charge distribution of the interfacial double electric layer
changes to cause the Fe atoms to lose electrons, resulting in the change of the surface potential. When the O, molecule adsorbs
on the Fe (001) crystal surfaces, the electrons on the Fe (001) surface are lost and the surface potential increases. O, molecule

and the surface of the Fe atoms are prone to electron transfer, in which O atom’s 2p orbit for the adsorption of O, molecule on
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Fe (001) crystal surface play a major role. With the increase of the proportion of O, molecule in the dissolved oxygen water,
the absolute value of the adsorption energy increases. and the interaction of the Fe-based heat transfer surface is stronger. This
study explores the influence law of different dissolved oxygen on the Fe base heat exchange surface corrosion, and the base met-

al corrosion mechanism for experimental study provides a theoretical reference.
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Fig.3 Configurations of dissolved oxygen water absorbing on Fe(001) crystal surfaces
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Fig.4 Finally optimized configurations of H, O absorbing on Fe(001) crystal surfaces
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Tab.1 Optimized structure and adsorption energy of H, O absorbing on Fe(001) crystal surfaces

it H R(O—H)/nm Z(H—0—H /O E./eV
T1 0.100 7 104.659 —0.625
T2 0.100 7 104.587 —0.629
T3 0.100 0 103.122 —0.505
Al 0.100 0 102.719 —0.523
A2 0.099 9 103.194 —0.567
A3 0.100 1 102.493 —0.523
Bl 0.100 8 104.566 —0.623
B2 0.101 3 107.887 —0.508
B3 0.099 9 103.004 —0.529

%2 0O, 5% F 4 Fe(001) & & #4540 A B Fo o8 T 4k

Tab.2 Optimized structure and adsorption energy of O, absorbing on Fe(001) crystal surfaces

WiH M1 M2 M3 M4
R(O—Fe)/nm 0.205 7 0.210 2 0.187 6
R(O—0)/nm 0.131 5 0.399 7 0.282 7 0.130 0
E./eV —1.304 0 —1.839 5 —1.483 2 1.294 2

k3 BERKIKZE Fe(001) & & o440 Hy B Fo oR HE 4E

Tab.3 Optimized structure and adsorption energy ofdissolved oxygen water absorbing on Fe(001) crystal surfaces

i H R(O—H)/nm Z(H—0—H /) R(O—0)/nm R(O—Fe)/nm R(H—0O—Fe¢)/nm E.i/eV
D1 0.103 1/0.099 9 106.723 0.138 5 — 0.222 1/0.213 4 —1.0857
0.381 3/0.153 7 99.439 0.125 8 0.194 0 0.194 7
D2 —3.1919
0.100 5/0.153 0 115.475 0.262 6 0.189 7/0.190
0.208 3/0.208
0.215 3/0.100 2 135.394 0.327 2 0.204 2/0.204 8
0.208 5/0.2082 —3.773 7
D3
0.099 5/0.099 5 106.024 0.126 7 - 0.204 4/0.205 1
0.207/0.285 9
0.260 9/0.100 7 115.82 0.285 9 0.201 0/0.200 7
0.208/0.207 3 —5.263 2
D4
— — 0.284 4 0.191 5/0.191 7 —

(24 w0, 0, sk (AEMH

Tab.4 Bond length of free O,and O3 (reference value)

i { R(O—0)/nm
0, 0.123 899
Oz 0.130 304
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FEef A I 4 0F 5 R Fe J5 35 3 U EEEE 25, M2 B8 th O, 4> 73 1 F % o B v 45 5 R 1 P17 . &
ZOFATF Fe(001) M, I H 2 4~ O JTF 20 & 72 7 IE b7, 5 3% T Fe JE 74 B B st . [Ff, 4
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Fig.5 Finally optimized configurations of O, absorbing on Fe(001) crystal surfaces
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Fig.6 Finally optimized configurations of dissolved oxygen water absorbing on Fe(001) crystal surfaces
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X B 43— W B ASE R A 5 B 4 i) 8 P i A W B2 A A AT B S, BT N M2 AR, B T SRR IR R
LAY 5 B0 2, BIOAR SO AT W Sl o 5t s 35 9 o0 F AT A9 TE L3R 5.8 6.

%5 H,0.0, % F &Mk &4 Mulliken & 45 7 & 2 A= & 4 47
Tab.5 Mulliken charge population and net charge of H, O and O, adsorption models
W, B 455 75 TN S P D L fif
o W B i 3.885 4.856 — —0.770
W B I 3.819 4,848 —0.697
H,O /¢ T4 . W, B4 i 0.615 — — 0.385
Fe(001) &M AN 0.690 — — 0.310
e B AL 28 H,0 —0.077
Fe % 4 77 6.751 12.533 6.748 0.047
(THAL T % Bt 5 6.694 12.450 6.688 0.200
o W o i 3.895 4.045 — 0.000
W% B = 3.887 4,747 — —0.654
O, 4 F1E 0O, — — — — —1.308
T S
Ny/e] oo 0 . e Rol
2 2 Fe BT % B i 6.734 12.533 6.748 —0.015
W Bt 6.767 12.527 6.719 —0.014
k6 EEAKBMARF 4 Mulliken v 5 A7 & 2 fo # 4 45
Tab.6 Mulliken charge population and net charge of dissolved oxygen water adsorption models
D1 D3 D4
JR T2
% Bt i % Bt I % Bt iy % bt J5 % iy % Bt I W% Bt iy W% bt 5
0, —0.010 —0.393 —0.054 —0.858 —0.030 —0.778 —0.008 —0.677
0. —0.081 —0.256 —0.065 —0.621 —0.013 —0.643 —0.023 —0.708
0. —0.091 —0.649 —0.119 —1.479 0.043 —1.421 —0.031 —1.385
0 —0.708 —0.837 —0.722 —0.764 —0.678 —0.760 —0.681 —0.706
H, 0.395 0.406 0.41 0.496 0.391 0.489 0.410 0.470
H, 0.367 0.484 0.419 0.492 0.403 0.487 0.411 0.502
H,0 0.054 0.053 0.107 0.224 0.116 0.216 0.140 0.266
FM Fe i T 0.047 0.193 0.047 0.279 0.047 0.374 0.047 0.537

MF 5 AT LA iz ] Mulliken J5E B 3EAT 4% S0 A5 J& 43 A H, O 43 3R 18 67 HL faf 385 0, HL O 43 F 1
Bt IO Fe JAL - 1F Ha g B 00, A B A9 2k el 7 %4, iR 5 LA AR O E L HLO 42 F b O JRF /1 H
JEFAE s BB B BRI AL Fe 5778 s, p Al d FUE XA B F 2 a9, il e H, O 40778
Fe(001) & 1H W fif B4 fff Fe(001) e 1H Ji 28 ol 7 i L 72 B/ . HL O 43 F 5 Fe 18 09 AH B AE FH 51
T FE AR E A L, H HL,O 43R O F H R T s Bl X Fe(001) K1 L 454 — & 1

R .

MFE 5 AT LUE L WS O, 43F 2 1 6B faf 3800, 360 T 1,308, 3X 5 [ i HEWr O, 43 F7F Fe(001)
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Fig.7 Projected density of states(PDOSs) after H, O molecules and O, molecules adsorption on the Fe(001) surface
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Fig.8 Projected density of states(PDOSs) after dissolved oxygen water adsorption on the Fe(001) surface
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