RS S RH 2024,18(5) : 796-802
Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

DOI:10.20038/j.cnki.mra.2024.000513

CECR T FRINPEER P 3k £ 3Ll o E

Koyt I R EAR
(1. PEZFERE TR D P BR AT 28 1), BTG P2 7102005 2. 22 0 28 [\l H AR B BF ¢ 57, Hi 22 M 730010)

WE: G464 MR BERBH mE Faw A BN AMAER) 200 ATE AL R LR P A
SGHATHRAL ATH W IERGERERSa, B, "ERANTELLWHE—F N, HTHARHE
REALTRFA, FHELTRENRESRT AR REL. XA MME L (MAO) KA, U 2 v &
By WAL AY E B R 4, UL FeSO, N Al B FeSO B E ,E2AIHB A4 K TH 4 M A0 0 H Y
AWMEAUNTRAFNREERGE. ERHEHE T EME 5O XS RATH B3R m N B AR
BEOCH AR R L B e R LT A O, X R B FeSO M E THI &M MIE R BN KT R T
FAMR AR EE HBEE FABEROMRMERTT RE 0, EREW, A FeSORE N0 g
L'z 8gl " B EXENLAEEZHRD , FLAR T Z A3 L AR L, %k B EE A ER
B, EA EEALIT.2pm ¥ wE 39. 1 pm, M E K 194 pm ¥ fw £ 2.96 pm. % 4, XRD & XPS 4
MERZXN, % EEEH a-ALO; y-ALO,F1 Fe,O, A8 4 1k, L3 A K 5 s Al KM & Rt P24, 1183
BH R, Y FeSOE H6gL "M, hEWNELRE LRI FHEAZ KEM, 25 H 39.8 MPa

0.909, KR#F5 K 2A128 &4 EAMEMR A T3 —F L ARG T HHIKIE,
KEW: 2A1248 6 4 s MM E N FeSO; R E MR B E M E ;4 AR E AR £

FESEE . TQI27.2 XHkRERD: A

5132830 SRULEL, PP L 45 BOAAR A 4 2A 12 A &

796-802.

NEHS:1673-9981(2024)05-0796-07

e R URURZ R PEREWF ST [T ], MORMIE AT 5 R H L 2024, 18(5) -

ZHANG Kaikai, HU Du, QU Jing, et al. Study on Properties of High Emissivity Coating of 2A12 Aluminum Alloy Prepared
by Micro-Arc Oxidation[ J]. Materials Research and Application, 2024 ,18(5) :796-802.

0 38§

Tt Lk B T T A A 45
HUR R LR 45 28 (BT 54T 45 18 I, %o 4 1k 1
G TR R 2R . MR AR R G — 2%
S FH VLB BA L S O 28 O S S5 R 7 A 3 g
HEHE R G0, TR M AR TR A AR JE K
FH 75 i B AR AR (LR e ek B T
25 R I, T AR I 7 A () PR S LI T R
HCTAEPERE AN T Ay BRI, SR H A A i
5 (LI TR0 ) % JEG Al 7 36 12 38 T 7 8 0 v B
B SRE A BE BT L HL A R S N RIS . 2A12
A 4 HLAT S5 AR N T MERE AT 5 S AR R AR
BL g 2 PR REAE S50 Y B R o 45 vl o o 8 1
H 2 e AR A R, (R A SRR
SRR, L I AS B TE 725 iR B 5 v 75 T 5 A 1 B
PEAT A 08k B [ B 7 7 S T A g, DLt

Y5 B 89 : 2024-07-17
EEWAB “ERAT3h 701 i LT H (3326D4DA)

e L FHAE B U 2 A R Ol 48 v R 1w i 1 )
R

O 48 1k (Micro-oxidation, MAQO)™® | 244
B HRSERNeEERSEE T BMEE FEHEL
S i o S A R (S N Y5 TP LN o |
T TR M 7R — BB R, e Al A R R R 5% g A7 2R
KGEMHR &HEA . MAOBE AW ZH T &4
TN N R S =N a i 12 R =S ki =
He ,WFFE N B IF 46 ) F MAO H2 AR i 45 4 48 5
MR E . FHEVESS S REH & H ZnO/
Y,0,/ALO, IR AL 3 2, KB E 4 K BN
0. 859, & 7~ H 4 5% (1 4 4 PE e . Bmms 25 F H
Na,SiO;+NaOH 14K % 7£ 6061 A1 4 4 2 ifi il 5 H
SAA AL TR 2, 2 R i TR B 3 i 3 90. 5 CIF Ik 2 &
GPREIR0.94, BT, A S L5 m & G R %R
JZ B £ 3 B OR PO SR R MR R mE R

YEF B kBB, A, B3 TR, B 5 7 1) AR R 1 TR R . Email : 2kk08166157@163. com.



TRELELAE ORI 5 2A 1288 & R S R IR Z I M RE T ST 797

EULINTr TR SR MAO $ R TE4R A 4 345 10 6l 4
KHPRIRZ BT LD . FE O A AL TR 2 i 2% i
R LR A O DG DR 3R 2 — 0 b I A R e
PEPT RIS T R fE A A X BRRE aE — a2
BT G, DAL I E A R T2 R FH AR R B R AR LR R
BEE SR IHES R e . SR A
) (4 MnO, . Fe,0,.Zr0O,.Cr,0;.NiO, TiO,.Co0,0,)
PR LA 465 1R I 20 A S o3l e i B v
K GRIRZ B DL R 2 B TR .

AW 5 A T R 28 4 Oy F R, 38 2 TS IR
[) e B2 A i 3 45 JE 48 1B 9 FeSO,, R I MAO R,
DUIIAE 2A12 8R4 4 2 T 1 4 19 o A AR vk 2 Th B
B Fe,Oq, AT 2 55 7R 2 B 2050 & 3 % . il i 358
FeSO, W X il % 8 & & W2 R HEH W HA
YRR R FURLRS BE 45 6 5 BE M 140 Kk R s
RAF LA BRI L, i 2A12 58 A 4 AE L ZS
K T A E— 25 g B R B AR A

1 KWEy
1.1 BHHREE

SEOH R AR A 2A12 48 A 4L 8 o Tk 30
mm X 30 mm X 2 mm 1 J5 B kR, I A s i — F
T H A& 3 mm i fL . i B4 300&, 800%,
1200 . 2000% , 3000485 48§ J5 4k B, - 32E 17 48 75 PR
MLOEVE R TR BB S E 22 5 kel LT
AL G A, Bl SRR AR AR P . W2 &
% A JCL-WH200A i ol Ak R4t , Hb i 28
Sy 4 % 300 Hz . i 25 1 15% L H Hs 520 V7, Wk 5 i Ja]
20 min, HL % W P OBE R SR 0 VR iR 20 gL,
FeSO, MW M55 0.2 .4 6 18 gL '. EIRZE
il B 2t R L S B L VA R R R O G
e R HIR I 2 AR F 25 C.

1.2 PR 5 RIE

FIF ISM-6460 74 45 il B2 7 2 50 5% (SEM, Bt
A REREAL(EDS) ), X il 2% 14 204 47 2% 1 % 57 0
FERICE & o b, Hoh i s d o 20 kv, R
D/max 2200PC % X 5 & 717 4, % il £ 9 1204 1
AT AH L5y 23 B, e ¥R ol CuKa 20 2 10°—90° 45
KA 0.02°, fff FH 78 E 5 /K MarSurf PS10 f# 4 xC 3%
T EL R 0 S, X ) £ %) 3R R AT 3 TR RS
i, 1 E EPK MINITEST735 &34 J2 I J5E 4,
Xof il A B  RE HE AT R BRIk . R B AR B
IR Tracer 100 % i B - A% J60 2T 41 S 3548, X3 i 25 10
IR DR AT 20 A0 & B ML . i FH CMT5105 J7 g4
BRI ML, X ) AR T IR 2 SRR A R
BEMIR

2 HRE5OMW
2.1 REBEEMHEKEE

B 1A A FeSO BT 2A12 48 A 4 4R
e U 2 0 JE B AR RS B2 . NI 10T L, B35 FeSO,
WEMO gL B3 8 gL', M S Ak 13 )2 5 A
17. 2 pm 38N % 39. 1 pm, 3 JZHURE BE M 1. 94 pm 3
B2 2,96 pm, 3 X 5 00 U] Ry s kg A . iR
J2 V5 FORLRES B2 9 28 Ak, 32 2802 I H A R FeSO,
R BE A 1G I, (EVRE h B vR BEE OR L Bl L R Al
Hm 5 BT o 2 RSN R ZUAL 4 R D\ 5
T E NS BT VA HERR e 2l & TR R R
JEE AR VBT 184 o, AR R 8 b S DRI 14 o

45 3.2

—B— Thickness

404 —m— Roughness

o8
w
1
T
S8
=)

)
=l
1

Thickness/um
o .
N

!\)
N
Roughness/pm

=]
=4
1

F2.0

—_
n
1

10

0 8

2 4 6
Concentration of FeSO, /(g-L™")
E1 AEFeSO,RET2A1255 8 R ENEERIARE
Figure 1 Thickness and roughness of 2A12 aluminum

alloy coatings produced using different
concentrations of FeSO,
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Figure 2 Surface morphologies of 2A12 aluminum alloy coatings produced using different

concentrations of FeSO,
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Table 1 Surface elemental compositions of 2A12
aluminum alloy coatings produced using
different concentrations of FeSO,
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Figure 3 XRD patterns of 2A12 aluminum alloy coatings produced using different concentrations of FeSO,
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Study on Properties of High Emissivity Coating of 2A12 Aluminum Alloy

Prepared by Micro-Arc Oxidation

ZHANG Kaikai', HU Dan', QU Jingl ,MENG Wei*
(1. Xi'an Surface Material Protection Co. , Ltd. , Xi'an 710200, China; 2. Lanzhou Institute of Physics CAST, Lan-

zhou 730010, China)

Abstract: Aluminum alloys are widely used as materials for electric vacuum devices in aerospace electric propulsion systems.

However, they tend to overheat during operation, significantly impacting performance and service life, thus limiting their

border application. Effectively dissipating the heat accumulated on the surface is a key approach to addressing this issue. In

this context, a high-emissivity thermal control and radiative heat dissipation coating was developed on aluminum alloy surfaces

using micro-arc oxidation (MAO) technology. Phosphate was selected as the primary component of the electrolyte, with
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FeSO, added as an additive. By adjusting the concentration of the additive FeSO, in the electrolyte, a uniform, high-
emissivity infrared coating was successfully fabricated on the surface of 2A12 aluminum alloy. Scanning electron microscope,
energy spectrometer, X-ray diffractometer, eddy current thickness meter, roughness meter, universal material testing machine
and Fourier transform infrared spectrometer were used to analyze the surface morphology, elemental composition, phase
composition, thickness, roughness, bonding strength and infrared emissivity of the micro-arc oxidation coatings prepared at
different concentrations of FeSO,. The results show that as the FeSO, concentration increased from 0 g-I."' to 8 g-L.7', the
number of holes on the coating surface gradually decreased, while pore size increased, and cracks began to form. The coating’
s thickness and roughness of the coating increased from 17.2 pm to 39.1 pm, and from 1.94 pm to 2. 96 pm, respectively.
XRD and XPS analyzes revealed that the coatings consisted primarily of a-Al,O;, y-ALO, and Fe,O; phases, which originated
from the substrate and electrolyte. Notably, at a FeSO, concentration of 6 g-L~', the coating exhibited optimal bonding
strength and infrared emissivity, measured at 39.8 MPa and 0. 909, respectively.

Keywords: 2A12 aluminum alloy; micro arc oxidation; FeSO,; surface morphology; thickness; roughness; bonding strength;

infrared emissivity

(2 AR G B 930



