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1.1 ZE#MEEEE

1) SEEH R

AT 316L SS Hift, K x T& x BN 15mmx 10
mm x 0.01 mm, #IFg 4 REOVEBHE A RAF; RO
F K (poly tetra fluoro ethylene, PTFE ) | 18885,
VL AURA R B AT BRA ] s TR . JoK 2 EE
AR . CTBE. RN, srirat, E2EE AR
A BRAF]

2) LI

TE YN ARE T B FESS, DF-101S B, FR7G{LHs
BHE (B ARAF; BRI, 1306S #Y,
AEREE (D) BB A IRAF SFARER AL,
25T HLHUKYS, W T AR RBERBHE AT R A 4
HF 6% ( scanning electron microscope, SEM ) ,
Nova Nano SEM 230 #!, E[E FEI 23+ ; X SZefiiiht
% ( X-ray diffraction, XRD ) , D/MAX 2550 %, H
AR A Ak F T AESS, CHIG60E &Y, I+
M IRARALERAT IR A ]
1.2 Hmbl#E

Y 3161 SS M A 4l E RS T, KK
TE PN B AP RS SO A 3 T 15 min, 60 CF % 720
min, B TURE Y 3161 SS VE N FHME, A7 88 VE R B,
BTH SRR . LR HAg) R s B A i
T ERIAFL BN 0.5%~8.0% ) HEf7 FHIR AL,
FHAR HL R 5~40 V., SALES ] A 5~20 min, A AL
FER 4 °Co PIBAEARSS , 4351 FHZE AR /K RS RS i 7 i
P& 15 min, 60 °CF T4 720 min, 733 316L SS & .

316L SS FFhFE L FE (¥R E R 0.5 mol/L 11
AR WEH 0.1 mol/L BIGREREN ) 4% 20 min,
1EHF I MR M (polyaniline, PANI) )2, #&
Je TE B a4 B0k 20% 1) 3R DU 960 & 0 RS B 40 B0
80% MA1 s A B PRI R S =5t 5 IR, G TE 350

]

A8 316L NEFMEMRER / NRILFIZETZMR

C R AT E Ak AL 10 min, 15%] C-PTFE/PANI/316L
SS B e
1.3 EHRREERRIE

I 3 $i H 2 GCBE U %% 3161 SS K i Al
C-PTFE/PANI/316L SS ¥ & () £ T T 5. A X 5
LATFHLHT 3161 SS FF b RS FIZE#4 o AR HE
S HURAARZXT 3161 SS AF S iFA T HL AL 2E I TS Ky
AR 1 em® (1 3161 SS A & B T L i P R e 20
min J5, A1 mV/s IFHEE I -0.6~0.6 V iff 114k
PEFHG, BRIEIERNZ., H, . AsSsmif
FHOR R 3 AE R TR . SR . XFHAR,
FAL M2 0.5 mol/L FUBRIR .
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2.1 ZBIRBMEKRSH
2.1.1 & RKBKE A 316L SS & @Iy Hoh

TE BRI SEALIREE N 4 °C, FEMEALHLE A 30 V,
FHAR S AL [B] A 10 min (2517F T, #F 3161 SS £
BT SRR E BN 0.5%, 1.0%, 2.0%, 3.0%,
5.0% F1 8.0% FY H i v AT BA AR A Ak, BT 1R
316L SS FEi A= A

FE L 1 AT, 2 H AR v SR AR S B Nt
(PRS0 H 0~2.0% ) , 316L SS FESh 524, K Hi
AW MR AR EGES 3.0% B, 316L
SS Ff S R R BT DGR, fOLRCRBIE, {H 3161
SS HEAHTEFLAFIR — 25 A IAL R g e, B i A
KAWL R AR AT BEA R 5.0% KU T
B, 316L SS FEAhRIA R BEIRDGEE, FRT A A L5 A
HiAh & A SE Wi

MAEE 1 AR, AW a4 i 7 B
IEARF BN 0.5%~5.0% 1 e S8R H ik 78 P A
LIS 3161 SS AE R HIES . 6 Fl 316L SS 4
() SEM [El1n& 2 frow .

1 ZFRAREHBBHEARAMLE 316L SS EmBAFERA

Fig.1 Optical photos of 316L SS after anodization with different perchloric acid concentrations
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500 nm

a) PIEHGL

d) 2.0% e) 3.0% f) 5.0%

2 ZFRRREHRBEAERRLE
316L SS #d SEM
Fig. 2 SEM images of 316L SS after anodization with
different perchloric acid concentrations

I 2 AT, B H AR e SRR B AR RS B0
K, 316L SS FF it F2 ADHDRE B ) B0 SE 14 K5 /N #a
P 2GR, 3161 SS ARSI EPEEOGH, R
I ZALEEH . Lt RBU R 0.5% 1R SRR L A
WA ARG, 3161 SS FE SR mIASKLAL , HEFLIF ,
AL IR ALY, YA R B0 =
1.0% B}, 316L SS A it 2 1H A2 15 S A, SRR
B ALECE B R, FLERE . Y AR IR
B A 2.0% B, 3161 SS A b 2 1 2 Bl i S % HE

AT KL, FLIRZSH 50~200 nm, fLIRZH
50~200 nm. 4= A BRI 4 B0 2 3.0% B, 316L
SS H AR 1E 1Y 2 A I A Z LA, HALE R/
AN, BEAh, RS XEOEHE T, Tl EALIH .,
M AR IR F B0 = 5.0% IF, 316L SS K6
Pk, RHBBIZAUES, RIS . P,
H A v SRR I SR AR A B0 2.0%

2.1.2 FaR A4 B 316L SS & @R ILM Heh

PR EARIRIE R 4 °C, R P S SR A AR
GECR 2.0%, FAIBRAEARI A 10 min, BAARAAIEHLE
435128 5,10, 20, 30, 40 V B, X 3161 SS #E47TFHM AAL
FFFRIF] Y 3161 SS FE . i v 7 i S B 4%
316L SS b IR HOIES, 45l 3 FrR.

H & 3 AT, Y PR A R 8/ NEF, 3161 SS
FERR IR T4E, ZALESMAIE, JLFAR] DL
FLs YPHM AL R = 10 VEF, 316L SS i
Fm A AL, HALRESR; S A R i
— R E ZE 20 VI, 316L SS FE &3 1H S I £ AL
ghR, FLECE BRI, (RRALBER; MR
fEHLHE A 30 V BF, 316L SS #f 5 & A K H % HE
AP AKFL, FLIEZ R 50~200 nm. 4 BHAR AR
fEHL IR ZE 40 V I, 316L SS Ff b ZR DG F4
AR BRAT RS X BRE LI AEAE B PR A e R ik
F 40 V J5, 316L SS FEhFRTH 2 I AL 2A O ERUR
AL, ASHIFSE AP AR B E AR R 30V

c)20V

d)30v

e) 40V

3 ARFMLBET 316L SS #5 SEM
Fig.3 SEM images of 316L SS after anodization with different potential
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2.1.3  PaAg S ALE ) A 3161 SS & @A ILEY Hoh
MIAN EALIRE N 4 °C, mABRKBSEH
2.0%, FAFLSEALH T 30V, BHB A AR ] 20511 h 5,

1B 316L NFEMEMREH / ARFABELEMR

10, 20 min [, Xf 316L SS #47 B E AL . AT
H, - 4 f s WK 3161 SS MRS K HTE S, SEM A
e 4 fon.

a) 5 min

A 4 AT, Y BARR AR ] R 5 min B, 3161
SS it KA B 2 FLAG Al 2 BB AR 1] S 10
min I, 316L SS # i 2 I iy fLA = Ay W B 22 4k,
BALRA P B3 S B AR IR E] 2 20 min
IF, 316L SS FEib RN Z LA BA B B2k, W]
UL, AT SR A ) FEAR AR 1] R 10 min.
22 mERARSRBLEH

AR E B 4 C, BARRKB RN
2.0%, BHM AL E N 30 V, BB SE AL ] A 10
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Fig.5 XRD of 316L SS before and after anodic oxidation
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Fig. 4 SEM images of 316L SS after anodization with different time
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Fig. 6 Potential polarization curves of 316L SS

Hi & 6 FT L, 5 BB AR AL T Y 3161 SS 44 HAH
Fo, BHAZ AL S 3161 SS AF i 4 85 it B 57 i1 —0.261
V [HIE s -0.224 V, I HHE R EE i 80.45
nA-cm” B £ 18.36 pA-em™, A WL, PHAR E AL
316L SS ¥ fib AT JE ol o B 4
2.4 C-PTFE/PANI/316L SS # RBHH 27

FAM B AL S5 3161 SS AR B A 1 K H %k
AP BT ARSI DORALAT DAAE R i 2 R bt
Z A5G AL BB i Ry 1 A Rk R T el M
i, P LIS FE 3161 SS AR I IR)Z, 155
C-PTFE/PANI/316L SS #it. PANI/316L SS. C-PTFE/
PANI/316L SS IR IATES UKL 7 PR .
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1 pm

a) PANI/316L SS 1 pm b) PANI/316L SS 100 um

¢) C-PTFE/PANI/316L SS 1 um d) C-PTFE/PANI316LSS 100 im

7 316L SS #@mRMEREM SEM
Fig. 7 SEM images of coating on 316L SS

f & 7 7] %1, PANI/316L SS AF b 2 1A ™ Y
PANIL IR)2, XU/ KL AT DAJE 3 PANT 8% ;
TE PANI W )2 R P B T 3451 80% 19 C-PTFE %2,
W2 SRS G BAT .

3 45iE

AWFFEAE AR FR BN 2.0% BIE AR . W
Hh 98.0% 114 £, T Fc il v B ) LA, DL ARAR
IREE R 4 ¢, AL E R 30 V, FALHHE S 10 min
W T 5%, SR B ARl 5 T HoA K H % HE
B/ KAL) 3161 SS FESL . SIIe 45 R EH] .
PR AR, 3161 SS Ff S A B AR A RRAIE A7 Bl
HLBAM A AR SRR A A, R AT . PEAR
AAbSE, 3161 SS ARG LB AT bk, HAT
AR AR L2 ok R S, R Tk L o R/ KL A A
TF1E 316L SS i i i fU 7 C-PTFE/PANI 552,
RS EUE HV4
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Preparation of Micro/Nano Pores on the Surface of Ultra-Thin 316L

Stainless Steel Substrate
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Abstract: To improve the bonding strength of the coating with ultra-thin 316L stainless steel (316L SS) material,
the ultra-thin 316L stainless steel material (0.1 mm thickness) was anodized in perchloric acid and glycol electrolyte,
and the nano-scale microporous structure was successfully obtained on the surface of 316L sheet. The morphology and
microstructure of 316L SS were investigated by XRD and SEM. The results show that: the micropores on the surface
of the obtained stainless steel sheet are obvious and continuous when the volume fraction of perchloric acid in the
electrolyte is 2.0%, the volume fraction of ethylene glycol is 98.0%, the oxidation temperature is 4 °C , the oxidation
potential is 30 V, and the anodizing time is 10 min. The characteristic diffraction peaks of 316L SS samples are almost
the same before and after anodic oxidation, and the corrosion resistance of the samples after anodic oxidation is better.
Micro/nano pores are beneficial to the formation of uniform and compact coatings on the surface of 316L SS samples,
and improve the bonding strength between coatings and substrate..

Keywords: ultra-thin 316L stainless steel; anodizing; surface treatment; micro/nano pore
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