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Abstract: Aluminum alloy is one of the main potential lightweight materials for agricultural machinery,
but problems such as low hardness, poor wear resistance, poor corrosion resistance, and serious soil adhe-
sion limit the its application in modern agricultural machinery. In view of this, this study took 6061 alumi-
num alloy as the research object, firstly used micro-arc oxidation (MAQO) technology to build a non-
smooth film on the test sample with better hardness, wear resistance and corrosion resistance, and then,
based on the theory of bionics, constructed the MAO-HDTM composite film by hydrophobic modification
of Hexadecyl trimethoxy silane change (HDTM) in water bath. On this basis, the microstructure, micro-
hardness, hydrophobicity and soil adhesion of the composite films were tested and analyzed. Morphologi-
cal test results show that the surface morphology of MAO-HDTM composite film and MAO film are simi-
lar, and both have bionic concave-convex structures similar to the surface of lotus leaf. Elemental analysis
results and FT-IR spectra showed that HDTM modifier was loaded on the surface and pores of MAO mem-
brane, and the hydrophobic modification was completed. The hardness test results show that the alumi-
num alloy matrix is 59. 94 HV50, while the hardness values of the MAO film and the MAO-HDTM com-
posite film are 893.4 HV50 and 914.4 HV50, respectively, and the hardness is greatly improved. The
static contact angle measurement results show that the MAO film is 68°, while the MAO-HDTM compos-
ite film is 147. 3°, which is close to the superhydrophobic state. The results of soil adhesion test show that
the adhesion value of MAO-HDTM film in soil with 20%, 25% and 30% moisture content was lower than
5%, 8% and 4% of the test value of MAO film, respectively. Based on the above results, the biomimetic
non-smooth MAO-HDTM composite film constructed by the combination of micro-arc oxidation technolo-
gy and HDTM hydrophobic modification technology not only has high hardness mechanical properties, but
also has the functional properties of reducing adhesion and desorption. This study provides a new idea for
the lightweight design of agricultural machinery by using aluminum alloys.
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AN MUBKAE A MY A 7 RIS Fp 45 35 B R A T (ELBILBR Y BE A ORI T AR AR, R 70 BE R B TR AR A
SO AR AUBE ) E R e S X T 1 285 B AR BE 5 4 e R rp ARl WL e I 9 R R R EE 452 0 B 9 R Y RE R
B TEIRAT Y 3096 ~50 %6 BRI 3 b BRI OR A ik Ak A R A WL T RE IR 0 A Rk AR
A BT HLA e R T A R AR R B . (RS, WA R BE AR T A ks, 5+
SERGMT B . W RGE X SR A, R ARG G RE TS L TR R LB B0 S B

O AL (TR MAOYPESRIE 10 4R KRR EF X AR . 86 SRR &R — MR m s fAR, A
AT V5 YN L R S P R A R . MAO AR R 7 O R VE S B R A e Ak B 5 R AR
R E R SRR PR G N S S R e g Ak B R A B B R AR Bl o, S ROIR S SRR R
Ay Wt 3 T A 24 ik B A TS PR AR 114 R SR YA AR RO A AR A W B v DU B AR T Y M R IR
JEAR R T R UK BB O BE R LTS AN ph M R RSP A X ADCL2 R A 4 AT I - AE R OISR A
Ab PR, FRAT YRR R 25 pm, BEHE R B/ R 0. 78, Wit P RS BB R AR AT A T R [ L
BRI 7075 A A O IR )Z B BFSE Kk BUAE LR B SR 10 A/dm® 1 B0 SO A AR IR Y - 2
WAAEERE Sy 1069 HVO. 2, Jf H WV RE e 4. MR 48 AR OF S 45 R AT 0, MAO £R 7] LA 208 = h
A 1Y 7 2 P B RIS T ok P RE L TR I R T R R R B B B A A R )R 5 A R] 25 5 R N 5 [ 4b
ViR JEE BRI L K . A R A B T T AR B AR LA 2SR T A



144 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 45 %

2 MAO Ab S 19 IR BAR ) 2 PR RE S5 A5 B AR T, (AR IRZ BiRA JF L E 22 5 pm (19 BJE LI
e F 3 38 ) AN AL 07 AR B8 FL A o A 7 2 1T AL S L R i (50 82 3f AR 6 L L S AR S5 4. 3
o F He A i T e B, 2 MAO SR A B A R Z B AT 55 AR BL R ARG R . A B K A
T i RE 2 T A i R A Ay I B A R B K P RE B9 32 B JR0DR A T SR T H 3L SOIR AY R B A0 M A R ROR R
JE Al e e A, LSS SR T L4y W A R A R R AT RR A . NI B U B K S R . A5 S LA
BEERILEE AT 0, SRR B T 2 AR A - B R 3 AT K S X b R 3 1 () ST R B A0 IR T b e R T K
T AT AR AR SRRV T, ) R A 3 5 T 0 A OB T SR A R e R e D 1
SERG MR R g Ik, Horh, iR HORGE MR )z il o LM ) e SR AT I A5 o S Sl R AR W AR Ol T
T 30 0 AR BT I A AR FUAR T A S0 A o (8 A 3 2 T 22 B G SR s LSRR, 4T
B AWE UGS & G i p7 AR R A 58 S R 05 A O T A ORI e HOR B B AR . v S SR a1
FHOREZ FH T A B R AL S L — o R, I 1 el i MAO AR BB R 4 T AR 5 <6 3R i R A I el
P IR FRAS05 A A . B R DA oS ke 2k = S R R e CHDTIVD 3980 0 BSCPE 770 6 MAO JBRE2E A7 i 7K
Stk S MAO-HDTM & & B il & . 5 Jm M40 5 4 MAO-HDTM &2 5 [ 59 6 B | 5 K P A7 AR
[F 5 7K 23 S v £ D 286 5 R S8R

1 #MEERE
1.1 RS &

B 1 REE4E. BE4 MAO BEME A4 MAO-HDTM & & B FEE F. iR %% H 6061 824 4 JF
YIRS 40 mm X 20 mm X 3 mm (K X 58 X &) Il AE (B 1a). B AR B BRI H 400 Cw, 600 Cw,
800 Cw I 1 000 Cw ZKEE RV ARFT BE 206 . ARG AR A W e CEK S D), TR & M. & 1 AR K
I 6061 57 A 4 19 1L 2= AT

£1 6061 EAEUFRATHI

JLE Cu Mn Mg Zn Cr Ti Si Fe Al

Har/%  0.15~0.4  0.15 0.8~1.2 0.25 0.04~0.35 0.15 0.4~0.8 0.7

1.2 EAEREMH&ESEENE
1.2.1 HAERFBELEHINEAEER &

D5 AR R A S MINAML B Z M4 T . FREEERR AN 16 g, ANImBEIRM 12 g, A&/ 4 g MA
1L A BT /K T 0Pk B o Bk . R R A A R AR Ry BE W 5 s e B B 3 )9 A TR
o, WEBIESHENR . ERA A, 2 30%, B 800 Hz, LT B 15 A/dm”, A 1k b
20 min, A5 0 FEAE PR MAO B (& 1b).

1.2.2 BARZEHKE

B K M A AR AR - o HDTM W . JC/K CBERN £ 8 F oK He AR R LL Sl 3 ¢ 87 & 10 1 Lh f3i) i
AEHRA . B TR E R LL 35 CHEIR KR 28 hi K4 MAO b RS M3 RE TR 1 5 7K ik 58 BB ¥ 3 o in i
HEEZ 60 °C. WAy 15 min; fmd il S T TR TP LL 80 “C T 4 h 58 i K St il 5, 4R 45 19 B 15
K MAO-HDTM E & (A 10). B 2 BEE 05466 MAO-HDTM &4 il % #7m 2 AL
1.2.3 XA T

D) 3 URE T8 S A A A2 B DU 2 . B JEOL A= 7 Y JSM-7800F 10100 #4437 & 5t 414 i+ Wl i B 4 4
W MAO AT MAO-HDTM & A 5 3% 1 A 1 I i SR 34 BR8] s ] Nicolet 670 f# HLIF 25 e 2T 4h i
AL (R FR FT-IR) I E MAO-HDTM & & B 20483 & .

g
e




%9 145

A1 i
LA BB
B

Ttk
%ﬁm(ﬁﬁﬁﬁm;_\\;
AL RERED N

@ =

HEeR 5C V2 THDTM e 1
th MAOAL MAOf 1] £ st
{Hi580°
T4 h

TEIE
MAO-HDTM & 4 fiK
il %
B2 AE2h4IExRE MAO-HDTM EAEHIETRETER
2) BRE R P R BE I . PR B R OS5 R A T Y B GORE O R AT A R 0K, 3 AR
50 kef. fRIEAFE] 10 s, FERRER MHEAT 5 YCRE BE 45 I 3 5 - 249 {5 1 o ot 2 {1
3) R R A A A A . SR R B T B AR 7R DSA10030700 T4 i 1 0 iU MAO
JEFI MAO-HDTM BEFR 4% il M. W, R RImH A 5 pl X8 F K, frl kR e s kA
Laplace-Young 53 7 % 7K i JE R #E 47 45 40 1 00 4 422 fioh £
A TERE B U 2R I BT R I 3. SR FH AR 5 TR BBORS 25 A3 A W ZE P2 1 ZQ-990 AR A AL I 1 1al A 7E A [F)
B 7K A M I R O M AR K R T 2 D S A O DA 3R A AR ) B K R b, 5@ i A
BTS2 UG B 7 B, A B AR AN [ 7 2 2 08 10 Uk, 1150 6 B 7 S 9 (8 40 R T SR A U 56 PR R W Y
Rl B A IR .




146 B HRXFFROARHFR http://xbbjb. swu. edu. cn %45 K

2 ER55MH

2.1 BERIESSHH
2.1.1 BRREMATEEE SEM T 569 3t 1 5 47

K 3 MAO (K 3a, B 3b) LA K MAO-HDTM & & I (& 3¢, & 3d) 2 1fl A0 i 3948 H 485 (SEMD X
. i SEM B BoR . PEE 1 MAO-HDTM & & 5 MAO &3 08 50 AH L. 52 3 T 5 A U6 lX
JEA“ K AR R ZE R, HARA 5 pm B RFL YA 40 A AE R 1H (B 3a. Bl 30 B SEM Kl WK . Bk
L5 B2 (R A7 AE W S o0 A (B 3b, [ 3d R R ARic b)) . MAO B2 R4 20 pm, H R BEAF 78 i FL (& 3b,
K 3d). SEM EH i fL A MAO &b H 7= A= 1) i i 38 8

A MAO AT MAO-HDTM & & 6 2 1 A i SEM JE S H 43 Fr 45 Sl 1, MAO Ab B 5 Y 52
JEYy 20 pm, B BAARIK G AEGH R, BRI EHRZ 5 pm WALE, 53CERC15 16T MAO 4315
FIE A A — 2 mnMﬁm&ﬁLﬁ#%ﬁ SRS I 5.

50um

“\"Liﬁ:\ ? Q_.

38 N
> \{; /:'L,-ﬂ':e
B TARIN 0

E 3 MAO [EF1 MAO-HDTM £ AR @& ™ SEM &

2.1.2  BRRBUMAT G BE B B E 69 Ak 3 At L o AT

B 4a, E 4b 209 8K 3 MAO JEE 3b) F1 MAO-HDTM &4 B (E 3d) # 15 SEM &l H 21 45 75 HE Ab i
K SEM JE 5 B RE 15 43 Aok EL L, 36 2y T 3 BB 3 2 BT 205 SR 40080

1) MAO-HDTM & & BRAIAL C e R L i fERJZ AL, 1 MAO BRARTE AL C 5% J3 11 3 R 43 HE.
P O F1 Si JCR /A u [ R P A B2 AL, %5 AL 78 B AR

2) MAO-HDTM & A A MAO BEH BT R L ALFI O hE, #iE C mZ MR T H 4 Hh 39.70%
mTIR#H 26.15%, Si o R MR FH 40 LA 40 31k 1. 78 %61 1. 96 .

HRAE MAO BT MAO-HDTM & 4 B I A9 BE 1% X5 EE 2 B 45 S5m0, 28 ele M s A 8 )2 35 1 S a3 ©
JCER A 3 e TR B R R 2.



%94 GSEAT, F. AL AERE MAO-HDTM & 4 it 44 4 2 08 45 5L 1 AF 2 147

¥ “ar » '
TERAKRE o9 a4
3 ’{,12-‘\ T

- V\a_)ﬁ‘; :’E A

< b ®
e Y b R A
i ., -~ ek

B 4 MAO f%(a) il MAO-HDTM £ &% (b) B E SEM B 1 £1 & [& B &b 19 88 1E 43>t &
#£ 2 MAO B MAO-HDTM £ A A B HeEiLE ST E R

SoF R A/ Y STE JEFE A/ Y
C 26.15 C 39.70
O 27.67 O 19. 56
Al 44. 22 Al 38. 96
Si 1. 96 Si 1.78
MAO MAO-HDTM
21,3 KA BUE 8 4050 K A At 12p a6
5 %9 MAO-HDTM 4 4 [ i {8 1L - A5 '
aer sk, G BoR
1) 2856 em™ ', 2925 em ' Ab SN ke
I B B - CHL- 0 X B RUR X B B o
B, WU E I3 T 47 72 HDTM ) =
2) 1047 cm ™' 4bA Si-O-Al AW i, it
W el E B HDTM A 20 71 8 2 455 6 4 MAO
5 2% T
3) 1116 em ' &bk Si-O-Si 1M YK 0%, 1k 500 1000 150020002500 30003 500 4000 4500
g Wi W AT B 7 67 48 % 1 R HDTM 4 ik 58 4 3% A/ em!
AT BETE E 5 MAO-HDTM £ & [R50 ik E

4) 3446 cm ' AR Si-OH IR I, LIS IE BHAE MAO-HDTM B 3if 7778 1 A & Az 7K fff B2 1 1)
R

5) 570 em ' AMAFAE — AR WO I IR SO TIE W A R A A AR

U JS B LA GIE S 5 SCHR 16 BT 2 R S AR ], RO IE] HDTM A LY Re W 2 & 038 2 2tk s
(4 H )22 2 1T S NS . TR B BOTE T RE IS AT T R SR I BRZ C JTE A 4 L s TR U R 25 2

CEA UM B Z TS SEM JE SR RE 1S X LL 43 7 45 AL AT, MAO Kb 35 AR R 15 TIEEEZ)h 20 pm 1Y
o R M 1 HDTM Xt b7 ootk b B 5 . JE6 W R M 5 0 K& s H HDTM A HL) R A 1 2k
£ MAO KL NS,
2.2 MAO 432§ f5 3 78 B X3 bk o 4

3 AMAE SRR MAO B MAO-HDTM & 4 B (19 2 0 B A (E. /48 MR8 6 & R



148 BHXFFROAARFFR) http://xbbjb. swu. edu. cn % 45 %

B AR B S R 59. 94 HV50, M4t MAO ZHS A9 MAO BRI MAO-HDTM & 4 K 3 ifi 2 (A 2 -
BIE 50 893. 4 HV50 Al 914. 4 HV50, M TR & &5k, J5 P05 #2210 658 B AT B d& 7, g 7K ele v 4k
PRI A X MAO I B R 7= Az 5

xR3 FBASEME, MAO BEF MAO-HDTM £ & B izt 4 i 3% T 78 B i (8

L 2 1A A (R / SEE/
friw =2
HV50 HV50
[ER e TN 60 59.5 61 58 61.2 59. 94
MAO B 987 954 918 843 765 893. 4
MAO-HDTM & & ik 1 056 899 884 871 862 914. 4

2.3 EBR/KBUMEET S 3k H BT K MR B 4 AR

N e = B AR L R A (R FR HDTMD Hi4y 7308 CH, (CH,) 1 SiCOCH) ;. HDTM # FAE 3% 35 15 %% 5
FVREBE IR, D5 4 08 Mo AR 4 @ bR R 1 b 4%, # H VR i K B 58 (9 22 A0 kL, HL B 7K 38R 35 ok ]
B, VRN IT LS S W SCHR[16-19]. & 6a, 8l 6b 5 MAO JERA MAO-HDTM 4 4 % 3¢ 1 $2 filk £ 0 328 4%
iR RN A4 MAO BT AR 68°, B EAKME, KN LEERK; M MAO-HDTM & & K%
FEfub A1 S 147, 37 S B KPR o KGR Ry e e o R AR 2 i A b o, SRS A A N T 90 I ARy
FRAKPERRE . Y2 fil M KT 90 B B K e R, S 4 fil ff KT 150° B Ryl miak p kL. 285 etk IS 1
MAO BEE T TR AR, g R FZIE T HDTM et f e 5 2 m i 7 4805 =X,

68.0°

6 MAO f# (a) 1 MAO-HDTM & (b) R E it A & 2

Bl 7 5 HDTM 7£ 4 & F Ak 25 18 (14 7 205 2. HDTM 78 2 B 7 h K i 77 A8 BEE, T 24 4 MAO 4k
G AR AL R Ry T R U AR AR IR S T T e R AL R T S HES , RE IR b
(14 3 A~ 5 35wl F b ke 1 I ) 3 R 7 U L SR 0E 1T SR A, FE AR BS54 F . Si-OH 5 SiVOH K&
Si-OH 5454k W 3 1 2 5 2 6] & A2 K S8 2 B Si-O-Si M Si-O-R(R 48 FE408) He b, 58 mik ke 16 4
BAMYFE M. B 7454 E 4 b MAO-HDTM & 4 B i A 6835 4> Br4s SRl 41, HDTM & HL3
REAAAL B MAO PR, T8 628 2 B2 60F0 . TR R b T S fh i i be T B, KB i3 HDTM A
BT A AT LA 58 43 4t 5 1528 Al Sl 1 2 T R 25 0 S AL N TR HEAT IO 45 4, HL T 3y N R AR S
FHELE G IS SR R RN B 43 8. DRI 1 &% Ak £ 30 T K i) HDTM A HLZh e A, Jir LA Bk J5
FI0 B 2 422 ik £ 38 K T 79, 3%, R T T RZ sk M fE.

2.4 EBROK UMY E R R B BRI X LE 43 ¢

Kl 8 2 MAO BRI MAO-HDTM & 45 B5 U8 2 i BE I a8 15 28 7 A . 04t = AR 558 5 30 = 1% o A L 3
T+ i e L 5 IR AR I LA 52 3 B 4 AAS ) 757 7K R 0 398 rpr A TR) — 25 K SR 390 3 v 4 ) - 4
AN EEARF] T sk R AR 1 mm SR B R DB B U 45 S AN T R 1R 2 1 AN B R, R



EART, B AR A Ay A dE R MAO-HDTM £ A1 69 M) 12 BOR 26 6 0 AF 7 149

_‘f;\

% 94 Y 5

e B A HE b A M 10 vk, AU ML MLAR T 7 50 44 A R - TR SRR RRARHR A AR
W, BT R - ERE S AR S A ST R A DU JE BB . R AT ﬂ¢i%ﬁ#$mmﬁﬁ@
P B A3 4 K AR I 4 0 PR R BR 2 1), L R PR AL L il B AT B U R R AR A b
TR R v A A R RH T RN EE AR Ty A Y a4 - S B R T AR X AR s 1K R S b Y SR 1
L BR AT B R4 5 34. 32 %61 19. 51 %670 L PR Ik B L B K R 20 %0, 25 %0 A 30 %6 1Y A HE R AT
Xt 10 Y P 8 B S I RS 1.4,7,10 YIRS BE A 3 1266 B A IR R R AT X A AT

CH3(CH,)1s CH3(CH,)1s
|. Hydeolysis |
OCH; —Si —OCH; ———— OH — Si — OH + H3COH
| |
OCH, OH
CH3(CH,)1s  CH3(CHy)1s
CH3(CH,)15 l .
| OH —Si —O—— Si—OH
. | I
OH OH OH OH OH OH —Si —OH o o
|
) O on |

E7 HDIMEZESHUFRENGETER

Fu R A

N1tk
*

Jmo BB

\ %
s
iR 4 18 /[_- i

—

A \

E 8 MAO fEF1 MAO-HDTM E 5 R R FH M IR iE & RE

&9 FE 10 430028 MAO BRI MAO-HDTM & & BEAE & K3 R 20 %, 25 %6 Fi 30 Yo 4 1 rh I3k i) 285 BT
FIVIE R 1.4,7 A1 10 047 2 1f 26 O U £ 18 A

Il 9a KL 10a 43 510 H3E S 7K 3858 20 00 091 24 26 B g ity 4 A o v 3R T 26 BE 9 18 . 25 SR .
MAO-HDTM & & B FHEE M R8T MAO B, S/5# AL, 705 W 2800 B8 T 29 520 R
TR L TR E, BB R, 2R 3 S A P A AR R T, S R A
B A - 598 i 5 A AR B0 R B0 n - SRR B & SR 1w A X

 9b R 10b 43 51 S 3855 K 2y 25 6 1 7 34 26 B 7 ity 4 A i v 2% 1 G B R R L S5 R UK
MAO-HDTM & & B4 265 01 KT MAO B4, 553 M, mr & i 5 300 R T4 8%
FESEAT T 10 WOk B 2 J5 » AU 10 134 BT 7 — 2 £ 48, HA KRB /b 18, i 5 & R mi ok




150 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 45 %

RO B T L, HAM R E

Pl 9c FTE 10¢ 70 51 2y 1 38 55 7K A5y 30 V0 1 F- 42 66 B g il e R € v 26 1 285 B L S 1 . 45 2R R
MAO-HDTM & & B0 B 7 IR T MAO #EA . 55 & M. fr# i X 50 BA% 729 4205 1F
AT . A R RN A g BER IR AT R A R R I TR M, R A Y 3R i R

WIFEM R & 1 13,
20 4.0
i 2 L
L & —@— MAO-HDIM
18 [ @ '_,‘ 35 8}
-} d —@— MAO -
16} oo [ e
[ P 3.0 LS
14 oo z L i
| o .~ 0_,0
2 =l o R 25 o @
= 7 y 2 = ¥
£ 1w} }_}/ £ 20 ,8/3/
£ T i “ -3
ﬂ Sr )," H‘ 1.5F ,s’,.s"'
B ¥ &
6r J- 4 ;3
: ; Lo &
] /‘" g
SF ¢ 0.5F
0 PURNE T SRR (T W N T N _— L L 1 . 1 . 1 0.I-I-Inl-l-l-l-l.l-I-I-I.I-l-l-l|
2 4 6 8 10 12 14 16 18 20 1234 567 891011121314 1516 17
A E/mm HAE/mm
a b
1.2¢
1.1 ®
» ! i /)'
z o A
z -
R 09} o«
= I o
W 08F A
= [ s
Br 0.7} e
&
06 y
"
0.5}F
04}
1 i 1 " L A 1 " ]
0 2 4 6 8 10
A =/mm

B9 &KEH20%(a). 25%(b)F 30% (c) B T HFH A ik T H1E

MAO-HDTM & A BEFE &K F R 209,25 % A1 30 %6 iy £ 5850 oo 25 5 B 139K F MAO i HAEAR
) 5 K S iy - HERR I 0 Wk Js A 3R AR B g B R A, JUHUEAE 2500 Bk R A
MAO-HDTM & & e 22t 10 a5 . R mEh g Je £ a2 F MAO B E ke 8. 456 3
T3 R ZE FEFN A S0 AL I 3 B 5 A B SR IR . FEAS TR S KR R e, R IR R R BUK B
e AT I e R 2 K S R ek 2 T 2 M O T S T K RS L KBS b ek 3 T I A B TR B T 2
TG 5 B RLER . T MAO BRI MAO-HDTM & 4 507 28 A6 6 3 F 1 b A9 1910 25 by i 6 ks 2
T 7K 5 ek 2 T 22 Ml 1 B R AN, AT K S R FE SRS L R T KR Y T G . SR R AR T
FiMHER. T MAO R £ H B BEE T MAO-HDTM & 45, PRI AS % 22 7K I A S T 26 B A7 TRk T
Ja s 2t 10 YRI5 Fi A 2 1 G B 09 1 98 8 RO S JE D MR TR



% 9 sk AT, B, A5 A dERE MAO-HDTM £ 4B o4 #y 2 BOR &6 W AF 3 151

FLR B4R YN F10R

MAOfE

20%

2IKER
MAO-HDTME & &
b
MAORE
25%
KR
MAO-HDTME & &
¢ N0/ AR )N 10/
MAORE
30%
2IKER

MAO-HDTME & &

E 10 MAO Rl MAO-HDTM E 5§ R EARR S KELEN AP RAFHELER

3 e

ASCLIRHUR AL ORL 6061 486 4 o A, R IO AL B AR F1 HDTM 7K i el P ) 137 5 ik il 48 17
Pt A2, 345 T MAO-HDTM & & . i ] SEM,EDS Hl FT-IR # il % & %} MAO KA MAO-
HDTM B &R mIEH . W28 047 T 00, i T HDTM ZhBE A A9 s 2h fa gk s SR )5 6 e i il
JEE T 0 A i ) 4SO 3T T T R T R S A A s e 8 R AR AL I R T T AN R
KR A S b DB BRSO . AR BN R 258 .

D AR EAL AR FA B 264 T MAO-HDTM & &, b fif sl g 05 A2 e g w42 48 7 —Fh
BB

2) ik HDTM Bk Bt 5 19 MAO-HDTM & & R 1A% B2 {6 5 MAO JEEI (B AR AL, 7 285 422 fi #f)
Hh147.3°, MIHTF MAO B (68°) Bk 1 RE A5 2 48 KT

3) MAO &R MAO-HDTM & & BEAEA ] & K 26 R I3l b, 5 38 26 B 0 (e A8 TR,
H 5 & AR5 e rh e W 26 B 09 13 D TR E . BB MAO-HDTM & & IR + 5 B AT — & 1Y ik
BB R, AR A SRR RS T A AL E SR AL T — Ry L



152 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 45 %

SE K

(1] FBAL. A BB 0 S Ul RS 0 B e R 5 R 5 R B [T, AR K224, 2019, 46(4) : 728-736.

(2] AW, BHH, FEA LD AEARFRBURSE & RS [J]. LM TR, 2021, 5717 35-52.

(3] sk A, THiE, 2k, & BEMAXY ADCI2 MR A S HMINAKEZ AR SHamEm (], B&FE TR,
2020, 17(8): 97-103.

(4] WES, K&/, SR, % R EXN 7075 G &M EARBEAASHERKZmN [J]. $InT T2, 2021,
50(8): 77-80.

(5] M. D5m i S AW 26 W2t kil & 5Eaets (D] K& FhhkE:, 2020.

(6] TR, HHORM 2 (M. dbat. HUC Tl A, 2011,

(7] ERMH, %, wme, 5 0B U EaREERR T RB0H 58 [J]. hERYE R, 2022, 43(1D) . 1-6.

(8] Wk T, 5T I8k S0 W R 09 5 £ FF i v AR5 [D]. K47 WK, 2019,

[9] MASSAH J, RAHMANI FARD M, AGHEL H. An Optimized Bionic Electro-Osmotic Soil-Engaging Implement for
Soil Adhesion Reduction [J]. Journal of Terramechanics, 2021, 95: 1-6.

[10] TOROTWA I, DING Q S, MAKANGE N R, et al. Performance Evaluation of a Biomimetically Designed Disc for
Dense-Straw Mulched Conservation Tillage [J]. Soil and Tillage Research, 2021, 212 1-10.

[11] MEHRANG MARANI S, SHAHGHOLI G, MOINFAR A. Effect of Nano Coating Materials on Reduction of Soil Ad-
hesion and External Friction [J]. Soil and Tillage Research, 2019, 193 42-49.

[12] BARZEGAR M, HASHEMI S J, NAZOKDAST H, et al. Evaluating the Draft Force and Soil-Tool Adhesion of a UH-
MW-PE Coated Furrower [J]. Soil and Tillage Research, 2016, 163: 160-167

[13] GUANCS, FU J J, CUI Z C, et al. Evaluation of the Tribological and Anti-Adhesive Properties of Different Materials
Coated Rotary Tillage Blades [J]. Soil and Tillage Research, 2021, 209: 1-9

[14] RATHE, fLEZ, REH. MONEABRARSNH [M]. duat: Bl s, 2018.

C15] BRI, E£77. ERNA, 5. 86 &R A PURELE bk B0 4 S Hw otk (7] MR, 2011, 44(5) . 64-65, 85.

[16] ZHANG Z B, XUE F X, BAI W X, et al. Superhydrophobic Surface on Al Alloy with Robust Durability and Excellent
Self-Healing Performance [J]. Surface and Coatings Technology, 2021, 410: 126952,

[17] %5, Jif, £, 5T HDTMS i — LM A Y B Gk RE [J1. MRS, 2020, 34(S1): 542-547.

(18] FUgUE. B:A 4R mMINE L GBI G & ROHPEREDT Y (D] ARk Bk T2, 2015,

(197 heTe, 2%, TERMHL, 2. k4 B e wb R Fh 2 0+ A0 = BB BT o BF 5 IROK PR B (1], ol TRE2: 4, 2019,
35(21): 135-143.

[20] Hf#hm, ARME, Tkie, % 26 R AR M8 + IR RRAE 0T (1], P K2 M (A RBHE /D . 2008,
30(9): 108-112

[21] HRM, 28, #%, % ERITIRME SO LR ZIEX R A 520 LT Tim K¥¥Mm(ARBHEBD , 2019,
41(9): 32-39

[22] E0b, WA, T, 5. RN X 2R LR I8 s FR1E [T P K% 3R (AARR 0D . 2021,
43(11): 40-47.

(23] Z=#Wr, WM. MbTRHLALDF A= WORS B BREE AR [CT // AR HLAL 5 8 R b i, BV o R AL 25 2006 4F 2R
W SCECEM . 2006.

RERE A4



