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of Aluminum Alloy
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(Department of Equipment Maintenance and Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072)

Abstract: In order to improve the bonding strength between aluminum and polymer material, low temperature air plasma
technology was used as a pre-treatment process on the surface of 5083 typed aluminum alloy for activation. The physical and
chemical properties of the surface, such as micromorphology, contact angle, surface energy, element and their valence states
were analyzed, and adhesive properties of bonded aluminum plates were detected. The results show that the surface activity
increases significantly after low temperature plasma treated, the water contact angle on aluminum alloy decreases from 88.7°
to a minimum of 10.1°, and the surface energy increases from 19.21 mJ/m? to 74.04 mJ/m?. The surface oxygen content
increase obviously, without change of the surface micromorphology and roughness. The tensile-shear strength of the bonded
plates increase with extending plasma treatment time, and the maximum value reaches 12.4 MPa, which is about 4 times of un-
treated specimen. The increase of surface oxygen content and the enhanced surface activity are important factors to improve
the bonding property.
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70

| —=— Water contact angle

60 —e— Gycerol contact angle

50

40

30

Surface contact angle / (°)

20

1 1
10 15 20 25 30 35
Distance / mm

P 3 G0 3R T ok A AL BHBE 28 1) A8 Ak

Fig.3 Contact angle of aluminum alloy varied with distance

2% T K B2 fob R il AL PR AT AY 8870 KR BRI =
17.45°, ] WL, A/ NAgAL BRIE B AT DA TR 0
P BB U AR

2.2 FKMHE#E

FIFH Owens 7%, 388 3o 42 fil 00 45 21047
B A R ZE KR i B2 fl oy, SE T AL
AR B PR 1 e B AR M A B R

Kl 4 g5k TG eR MR M H A EEEE T
PR BT R AR TR S . PTLAE Y, Y AL BT E]
10 s B, FRIAREHARLELA 19.21 mI/m? PHEHE
JnE] 54.32 mI/m?, HEUEIE 2.8 %, Bl ALY [A]
BR8N, TET RE A28 IR 2R, 4 AL BRI ] N
80 s I}, FIMAEN 74.04 mI/m>, HALFRFTHE N T
3.9 1%,

A EEE ] 10 s BF, AR 43 d bl A 3 T Y
16.9 mJ/m* BEHNME] 51.46 mJ/m?>, [A]AF (5140
AEBRRTIY 2.3 mI/m? BEHNE] 2.85 mI/m?, HEIREK



%6 4 FRE, F. RS EE AR A 4R AR R 37

80
70 |
760
g
E 50 b
% 40 L —=— Polar component
E —e— Dispersion component
; 30 b —— Total surface energy
&
220
1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

t's

4 HRE AR ARE S R AR I ) )22 1
Fig.4 Surface energy and it’s components of aluminum alloy
varied with time

N BJE, BRI R EIE MY, (A2
GBS S 3 N R T /N TR Ay, IR ELTE
ST RE BT 0 L] BE R (R 3G R R, U
WA B 40 A 4 2% 1T BB A 39 I 202 AR M o it
RS INE 1 2R

B 5 g TG e kmne L H ST
R BRI B AR Rl 4 . WTLAE Y, RlE AL BREE
BRI, 2R 0 AR 2 IS PG N R S A X
SERARAR L LA . YA TR B 35 mm BF, i
e AL FRTAY 19.21 mI/m? #5015 38.2 mJ/m?, 4
Ik 2 £ HACEPE RN E 10 mm B, FKIHGE
9 70.6 mI/m?, BN 3.7 4%, XULH, YabIm
[ — S S, 7 0 ] PR 40 2 55 - AR A L
SRR SRR,

il A PHLERE G A DR 0N T R AR 1 4 R £
O AR S B S, 5 [ BB S e b

80 r
70 }
o 60 F
g L
E 50 |
&40 [
%’ F —a— Polar component
o 30 F —e— Dispersion component
& L —A— Total surface energy
2 20 |
o L R | . ! N L . | .

[}

15 20 25 30 35
Distance / mm

[ 5 SRR aR AR S H o) B A5 s T M Ab BERE B 1y A 1k
Fig.5 Surface energy and it’s components of aluminum alloy
varied with distance

)5t A 25 AR, Bk i T o5 e B a
FoE R,

A B 1 MR AR T R A S R TP R s RE T A
KX R JZ Y R AR g . A — TR A
SRS R AL B I s/ VAR B R, AR
SR ECEE TR RS MR T RS R A R T Y
oo, weoh, AbFREE BN E) —E R
PG SRR T AT,
BT ARG S RE R AR LB/, S A PSR
A BRI RLAE IS, AR A T Rl A U AR R
THTRE W B G, O PR O 5 4 3 T PR A5 8 11
HR PR TN o B 2 AR T R AR BN TR] A A
i, REEOCRIXBISSMWARE, Hig, 4iab
B[R] A B — g (L, BR-A i ol AR
ARG A S ] PO S T T AR E

23 hiREIYIEE

BT LR HTEE R, e P E ) 10 mm,
UL b B (1] 5 2 45 B TR AL B BRSBTS
PIOYSRFEAYREIA . &) 6 45 T BR A 4 P B A P i
G TR AR Ze . ATRLE B, HiBy
58 JE ot A FER ST (6] %) 184 0 P S R Ah BB 10
FLOT SR AN 3.17 MPa, 440 B[] 15 5] 80 s
mf, PIoTsREIRE ] 12.4 MPa, 25 T 4 1%,

7 R AR TRIF M AL BE T2 R 8 4k EERy
PG R By YIsi g . T, A5 B AR T A
J& B A S IORN AR AR B D) 5 R A A% G 1 WD
T2HTH 50%, 42 5 45 Tk bk = b
FIBEIR - BRI PR AL B T A G, S B iR T
AR A B PI5R BE IR B TIX T 2009 95%.

Tensile-shear strength / MPa
oo

0 10 20 30 40 50 60 70 80
t/s
6 586 A iU DY o B2 I AL B R [ f A5 4k

Fig.6 Tensile-shear strength of aluminum alloy varied with time



38 = B &R @ L 2 2017 4§
i3 TR LS 0. 35 1 480
P Pl 110 Ay 03 B A A 2 4 R T 1 F 8
=0 O, A2 B TR B 48 4 LR T 1 7
25t U, 2L 58 SR DB £ 42 3R
[ - (P T1(a)) ., W IBORS RV AR A 4 2 i 1 52 4 T
Sisy // Wi, R 1Y TR R T R 7 P
&0y %% TEURIE . B AR TG, R ) P46 1 6
OiL%% %2 GARMRE , HIRH R OEHHI (E 11(b)~

Untreated  Sand-blasting ~ Plasma Phosphoric anodic
oxidation

Pretreatment

7 AT 2 AR 5 EE

Fig.7 Tensile-shear strength under different pretreatment process

24 REEMEREKS

K 8 WA 4RI SEM BH0ES . FET
P b 3T I R 2% 1T 22 o BURY A LA T SR
Ao BEALFREFERGIN, AKBIESA I BAE,

P& 9 FIEL 10 435 Ay ia0RE R 1 1) = 2 s Mo 3
TORLRE RS, HI 1 9 AN 10 mln, B — 54 n
FE I AL TR 1] 73050 2 5 min 1 10 min, #E548%

(d)), BIVH BBk B 22 1 ORI T 2L, BT T Y
TR JE A 2 5 1, A f DB 11 A A T g 4R
FB RGN R R A0 M4 TR b3
80 s i (&l 11(e)), BYVIWT F 52 BUH R 58 4 1 Al
RN RBIRTEAS, RUIBOR R 5 586 4 S 1Ry
R O Al H A SRR o W 11 SRR
RERRBEIE—2B Kk, BT WU S,
SEE o 2 T T RRAC I S

XRG4 2R AT OG- RE TS 1 2 2 AT
W 12 s, KIE Cr3s, Al2s, Cls, O ls,
Ti2s. Cu2p. Zn2p. Mg Is Z{55 . 5083 #5454
FHEILE N AL, Mg, Cu. Cr. Zn%t&, H

K8 R T AbBIETR R G SR BREIEAR

Fig.8 Surface morphologies of aluminum alloy before and after plasma treatment



55 6 3] B, A R

TRAL BT B R RS T PERE A ST 39

640
(a) Untreated

(b) 5 min

9 G Rk = 4ERE
Fig.9 Surface 3D profiles of aluminum alloy

0.5

Roughness / pm

{/ min

10 $RE SRR

Fig.10 Surface roughness of aluminum alloy

C JUE —J7 MU R I 2 b C I L
HYILE, —JHN C &l Bl s R B ik
RN E TR G R,

K13 A ERER O 1s i, O 1s I§Z5 4
flEh 533.08 eV, XIhiF C-O. O-H #, LK
ALO; HLL OB E. KT A, ME%E
FARGEFR R IES , R a R A S = ] g

W55 B T IRAL S AR A 4R AR Al iR A
VWL, 05 AR B MU AR o b AR ] St
AR AR P B T AN, PR 1P R
PR ER, PRyMOGEE 5 Wk B SE L, Rt

2

(d)60's

N\

(e)80's

B 1 a4 iy i iy SEM 4
Fig.11 SEM images of aluminum alloy fracture



40 B X W L & 2017 4
30 12
Ols
25 + 10 -
20 < 8r
> =
- [
P 2
E 15 -? 6
2 Cls . Gu 2p Zn 2p Me 1 ]
© Ti 2s gls 2
10 + = 4 F
i N S
Cr 3s Al 25 W
5 -\ / 2+
0 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 0 20 40 60 80

Bonding energy / eV
(a) Untreated

35

O ls
30 |
25 |+
=20t
2] Zn2p
215t i Gu 2
3 Cls /T125 w2 / Mg Is
10 /
Cr3sAl 2s
ST\
0

1 1 1 1 1
0 200 400 600 800 1000 1200 1400
Bonding energy / eV
(b)40s

K12 e SRmE TR 1 XPS 24

Fig.12 XPS full spectra of aluminum alloy surface after plasma

treatment
40
——280s
35 —a—40s
——20s
30 + —v— Untreated

[Se]
W

—
w
T

Intensity / (10° CPS)
(3]
(=]

(=}
T

w

=4

1 1 1
525 530 535 540 545
Bonding energy / eV

Bl 13 £844:F0 XPS i%1 O 1s 14 E

Fig.13 O 1s fitting figures of the XPS spectra of the aluminum
alloy surface

XS PO AT T, n DURIEAR S 3R
TS AL AR 18] 14 25 T T RO RE
SEBTURAE PRI A Y A2 R 28

LA Y, B S R A A B ] A 5
WP 1RO RE B ISR S N R, T

t's
Kl 14 fRA AR A A & s ER T AR 1L

Fig.14 Peroxide content of aluminum alloy varied with time

40 s A FI R fE. RUME SRmELFE T
PRAR PRS2 R Y R A, HLAE—E T
P, BEFE AL PR, G R AT A A
e AL FRES R 40 s S5, )RR Y HCR T
ISR, 3 sk Al B G i S B R B G AL BRI
[, FRa R S R BT, & AR E
ARt SR AT A, AT 5 A

XFEEIE 14 518 6 nIH, R AR R TR b B
40 s J T ALY SRR, (R 0 SR AT AR
bt EBFERRAC I G, SR IR
RS EOREEE RER R AR, SE ek
IR PSS I, TR 1 S 4 Sk RE o

25 BASREFBETHRRAIERERIE

ARG R B BRI TR SR T
&, G BT BT ERSS T BT Al
DL RO TR FoRL 707 A B 1A g i o b
BERTIN, BR 7 A SR RE R B EERZ 2
b, BT 03 TR R A AR
{1ER7/DD Y1 o AP ) P €| VAN S 7 T e ¥ e
A, —Sopi FRp R T AR A ]
REBTIFMRIR)Z, TR AT 5~50 nm™,

— BN, ORI RIRORS 2 I 22 18] B RG 12 )
B RS R S A B S 0 T T
R R 7 LEMUBORG F2 7 B ISR, 85 0o 45 B A
ARBRS BB A R IETT SEM I =4I S M i
th, HR TS B2 7 b PR 5 A I A2k,
PERWT, SRR b RS B9 B A5 G 3R TS PR AR
I 22 Tt 22 5t B8 14 i v A 2 2 B ok SR TR A £ o
TUARAY, T2 R AL B 1 ) o STk



%6 4 FRE, F. RS EE AR A 4R AR R 41

WIS A AR Ol s 3 A LI BN i A i
TP EE R I A T AR, AR A e R T Lt 4
BT ARARE, Ao E SR, B4
& I B R B R A S IR R i &R 2
B 2 [ 4 AI-H---O %, FRoMEEE, W 15
FiR o TESFE PR T, HiEBIE A =2
itk Jy, HAEFH71<20 kJ/mol; i et 46 B8 T4 kb
Mg, REEEFEENAEEES, HIEHT>
50 kJ/mol, BB Z S TE B AS 57 (B VR 0 B
K, IATARAT R AT B ERS 2

CH, CH, CH, CH,
C C
0 0 0
e = N 7(_\<CH_ —_ _C;I/L.._ -
CH, 2 2
NS N \ /

C CH CH
| Epoxy | Epoxy I

resin o resin o
o ! !
 Ho Hydrogen ~ H H
LA bond r == _Peroxide :
9 FO

0 1O 0 o

——— _..{..._ - _{_ PR e N _._I.._ - _l_ —————
Al Al Al Al Al
Al Al Al Al

15 SHaGMPRER IR 2 10 1 S Hor B
Fig.15 Schematic diagram of hydrogen bonding between
aluminum alloy and epoxy resin

H1 O1 s BT/ Brn] 1, R4, o 1 il A 3
I B E TS A . 2% Williams 26 A BIBF5E4S
R TERRERE R TR T, Bk, 0
AR ALO; AMBERR T 20 Hk, =5
HLES I S T D e e K A AR
BRI FE TR, ORI 5 a 2 )
MR BEECE SRI I, T EETER, R
T IROR R M B R T 4G 0 BE I

3 & i

(1) 5B TR B S S & &R A T
e, RmAE LTF, H A2 MR AEHE A, AL B
FIE] R 80 s B, ZK4Z Al fA i 88.7°F% Ak 10.1°,
FIMHEH 19.21 mJ/m? B IN%] 74.04 mJ/m?; 44b
PHFEESN 10 mm B, FRIAVKIEZALAREILE 17.45°,
FAAREH 19.21 mI/m? ¥ ME] 70.6 mI/m?,

Q) &EBE TG, BE SRR MRy
SRE R, YAHE RS 10 mm, B[R] 80's
N, SREFHEEF] 12.4 MPa, AR T AL PRI 42
T 4 1%,

Q) AR IR S AL, &R
WM, I HFELS A IS, |
I B0 2 1 M T o B U b 2 A B
VI5m P T 2R A

SE K

[1] ¥EFREE, Mufia. BRRR-BRRR FHAR SR HR & A R T A 451

RERYSZNALT]. BB IR, 2013, 32(1): 32-36.
HUANG Y B, ZHONG L S. Effect of phosphoric-sulfuric
acid anodie oxidation on adhesive property of aluminum al-
loy surface[J]. Electroplating & Finishing, 2013, 32(1): 32-
36 (in Chinese).

[2] KEBEE. 7 BESRmEA SHZERENTFYD]. Jbat: Jt

HALTREE, 2008.
ZHANG X F. Study on surface oxidation treatment of alu-
minum and magnesism alloys its adhesive performance[D].
Beijing: Beijing University of Chemical Technology, 2008
(in Chinese).

[3] EME, TR, BSCE. 6 S mm e e et
BIFZIAT]. R A, 2009, 38(3): 8-9.

XIA C B, WANG D F, GE W J. Effect of the sulfuric acid
anodizing of aluminum alloys on its adhesive properties[J].
Surface Technology, 2009, 38(3): 8-9 (in Chinese).

[4] WESTERMANN I, HOPPERSTAD O S, MARTHINSEN,
et al. Ageing and work-harding behavior of a commercial
AA7108 aluminium alloy[J]. Materials Science and Engin-
eering A, 2009, 524(1-2): 151-157.

[5] KAMIKAWA N, HUANG X X, TSUJIN, et al. Strengthen-
ing mechanisms in nanostructured high-purity aluminium de-
formed tohigh strain and annealed[J]. Acta Materialia, 2009,
57(14): 4198-4208.

(61 Wi, #mutk, WA, 5. JLF B AL 21 7 5 Xt
6013 5G4 kMR L RE R LI [T]. KR, 2014,
35(1): 45-49.

HU W, CAIR L, TAN L M, et al. Effect of mechanical sur-
face treatment on bonding property to 6013 aluminum
alloy[J]. Adhesion, 2014, 35(1): 45-49 (in Chinese).

[71 H/hF, RS, BRag2, 4. S E S TR IE
FATR Mt Xt LRI [0]. HIRAEYIER2E, 2014, 53):
140-142.

MA X Q, ZHANG H Q, CHEN Y Y, et al. Comparison
between O,-plasma and Ar-plasma treatment effects on

PMMA[J]. Oral Biomedicine, 2014, 5(3): 140-142 (in



42 = B &R @ L 2 2017 4F
Chinese). [15] ZBFiml. W SRR SETIIM]. i IRl R ik,

[8] FREM, ERYE, Tyl . MREEE TR AT 2 5 1983.

FERR AR T MR RE A M [J]. APR TR, 2015, 43(2): 73-78. GONG K C. Poilmer adhesive base[M]. Shanghai: Shanghai
CHEN Y R, WANG Y Y, MENG J Y, et al. Effect of low Science and Technology Press, 1983 (in Chinese).
temperature plasma treatment on surface properties of avi- [16] B, M2 oo, B S AL A ML RIS 20k S 1]
ation fluorosilicone rubber[J]. Journal of Materials Engineer- LT, 2012, 41(7): 699-701.

ing, 2015, 43(2): 73-78 (in Chinese). LIAO C C, CHEN S Y. Research progress in anodic alumin-

[9]1 Ez,BRE, GVl % RS SR EH B R L um oxide film and its growth mechanism[J]. Liaoning Chem-
IR MR RE A IR [D]. IR, 2013, 42(6): 55-58. ical Industry, 2012, 41(7): 699-701 (in Chinese).

WANG Y Y, CHEN Y R, MENG J Y, et al. Effect of low [17] KRR, R, FGIER A 5 8 T R B 2
temperature plasma treatment on the surface properties of I R I T S K PR I 9 (0], R Talk K224 3], 2004,
LDPE film[J]. Surface Technology, 2013, 42(6): 55-58 (in 23(4): 41-43.

Chinese). ZHU J R, GU Z Y. Research on surface hydrophilic modific-

[10] f5Fis, & WL, Jmiin, 4. &8 F IR BRAR £ 2/ IR & ation of PET and PE films by loe temperature air plasma[J].
GBI AR, 2015, 32(3): 721-727. Journal of Tianjin Polytechnic University, 2004, 23(4): 41-43
NI X L,JINY F, SHEN L R, et al. Carbon fiber/resin com- (in Chinese).
posites treated by plasma[J]. Acta Materiae Compositae Sin- [18] XH7. 3R LA A IR A b ) 25 2 - (A R T Ak 3 R L i
ica, 2015, 32(3): 721-727 (in Chinese). FRMERFIEID]. WARIE: ARAbMalk K2, 2011.

[11] KOTAL V, STOPKA P, SAJDL P, et al. Thin surface layer LIU Y. Study of plasma surface treatment of polyethylene
of plasma treated polyethylene[J]. Strength of Materials, wood/plastic composites and its surface properties[D]. Har-
2008, 40(1): 86-89. bin: Notheast Forestry University, 2011 (in Chinese).

[12] WILLIAMS D F, KELLAR E J, JESSON D A, et al. Sur- [19] XU, 468 FIRAL RN PBO 274k BT 2 3 1 M ik b A
face analysis of 316 stainless steel treated with cold atmo- GRPEL SR BE I SE IR [D). K% KiEHLT R, 2014,
spheric plasma[J]. Applied Suface Science, 2017, 403: 240- LIU Z. Influence of plasma treatment on surface property of
247. PBO fiber, carbon fiber and interfacial property of their com-

[13] #5%, 1. (KBS TRk ke & 4 SR m b R Ay posites[D]. Dalian: Dalian University of Technology, 2014
WFE[I]. MBRL#5 T2, 2006, 14(2): 113-115. (in Chinese).
YANG J, WANG J H. Study on surface properties of cold- [20] CRUZ GJ, OLAYO M G, COLIN E, et al. Metallic layers
plasma-modified aluminum alloys[J]. Materials Science added by plasma on polyethylene[J]. Progress in Organic
& Technology, 2006, 14(2): 113-115 (in Chinese). Coatings, 2009, 64(2/3): 225-229.

[14] JAIBLAT, BOgHElE, RIGIX, 5. R A S P AL IR 25 F X [21] BRBAZz, B, %57, & ARa SR AL BE S AR HidT

g5 HERE I Z I [T]. FRATHEAR, 2016, 45(9): 188-193.
ZHOU K K, HUANG Y B, SANG H R, et al. Effect of alu-
minum alloy anodic oxidation film structure on the adhesive
property[J]. Surface Technology, 2016, 45(9): 188-193 (in
Chinese).

KEEERRIELD). Ak SR, 2001(6): 262-264, 267.

CHEN M A, ZHANG X M, JIANG Z J, et al. Surface fea-
tures and adhesion properties of surface pretreated alumin-
um and its alloys[J]. Chemistry & Adhesion, 2001(6): 262-
264, 267 (in Chinese).

(GRS £3CT)



