531 B 9 M rERERERFR

Volume 31 Number 9 The Chinese Journal of Nonferrous Metals

DOI: 10.11817/j.ysxb.1004.0609.2021-39609

ta A RE SRR AN E R BE K
Hl&SIERE

AFEEL AER, ZHRL & #D A

(1. WL TR A2 TAR2ABE, BN 310014;
2. WL T K% i A AR E K E e seie = 55U 5, AU 310014)

2021 £ 9 H
September 2021

SREL

1,2
E 4

 OE: T IREEEMRBUR e, RS E VAR R T & B RN i B PR A £R
i B RE 1) 52 A /AN S M IR R A IR J2 . BIEFEAS [ JEEXHER JZ7E 1.0 mol/L NaCl ¥ Al 0.5 mol/L H,SO,
BB BRI . SR A BB MR X HERATS . A4 6. SEM A TEM %5 T BERAED H iR J2
(RTMAEHE . DIAHLL R S RN W S RHE s SR Tafel #Ak it 22 A0 EIS 22 it BT 1 45 F Bl ik 1
A BT YERE . SRR AR B 5 52 A (001) Sh T TR AN 1.4490 nm 47K F] 1 2.8504 nm. [
(10 5P 5 LB JE P R 25 DT AR 5% M5 0.66 mm I, L7 8 PR B B4, 76 NaCl I 10 A7 0.8794
V, JEREEEA 3412 Q-em®;s 7E HoSO, W AR LA} 0.5285 V, JEEBE N 5313 Q-em’.

XEE: WA HEMIE: gekES: B2 Bibkee

XEHRS: 1004-0609(2021)-09-2464-11 FEDES: 0646 CHERFRERS: A

4 8 4k, 2021, 31(9): 24642474, DOIL: 10.11817/j.ysxb.1004.0609.2021-39609
LIU Jing-yi, LIU Shu-jie, WU Shi-zhao, et al. Preparation of montmorillonite/epoxy resin anticorrosive membrane

on aluminum plate and its properties[J]. The Chinese Journal of Nonferrous Metals, 2021, 31(9): 2464—2474. DOI:

10.11817/j.ysxb.1004.0609.2021-39609

e e W AT AT 38 M i 4R A
PERE, T HY K TN VIR, fEEATZ A
TRl PG HURATE AR oo 42
AJEY. A SIS R, dE S R
TP, vk BRI, ENAMEEBTTT T
DB TE, WisiRsh. BRI £h 5%
FALAC R ARP™, (HIX LB AR I 78 A IR B 1 Th
IG5 Gein i, HAAM TZER, M. ME
NI AR SN R IR E SR B D i,
JUH AT AR L BRSO BERR T (10 K P P
%, BHFT R BEREA RN E S SRR &
71, XARBRICEF TZ, Sl 7 EAsh

I E AR

AW G P PEREDL A BB PER i, PR
AIRRK S RE . REEPERE . TFE. Tiasr
MG, AR A, MRz BT
A IR T SRR IR VE AR, [ A9
PEAE S TR PEZE AR B T R Bk s, IR
IS B T o ARG SR A/ S5 i 2 BB A e [
W S WG, HBE S 2R A e —
SEMRREE, AR 2 A 2. BEE . Kk
ANy B (1 AR S — RPN, KRIREEH,
AU < A T 7 S MR AP AN SR L, T HL 2 B AE <6
Ja— H J2— 21k Jot 2 ) 77 A A/ L DA T 3 O s <

HELWH: EFERRZAEESFIH (21173193, 21301154); WiL4A HRR I 4% BT H (LQ19B010002); HiiLEIE&EY T

FEEARWE I O R 4 9 Bl 15T H (ZD2020K 08)
Wi BEA: 2020-09-23; 1&ITHHA: 2020-12-20

BlEEE: Z=EE, #%, WL, #i%: 0571-88320238; E-mail: nanozjut@zjut.edu.cn



31 BE W

Xigeh, S A REEB AP EMIENKRE SR H0H] % 516 2465

J& B JE b, T FE o A B < R AR T B R ) Th
IRk, g — PR T T R AR
— 7T, EFRRIES &R TR L IR HAVE
GITERIRTEE N, SRR SRRt RE, M
s 2 BB BLR KRB, 5 —J7m, #E
NP E AL TR R, (R R B R R IE A

i 63 Tt e
DN L TR, R AR AL 4 e B 8 I

RIS 23 MO AN JE T R B T M iR = A4
BRI R — o S PR RIRGURSS
F I RARRERR 2074, L2 (8 R AT K AT A e
U, RIS BA R TR, RS A S
KHETAL SR R R N, (SRR PRI S i A 56 AR D908
iR =R VR ey IR (SR WA E Sl E S S S e g i
Ja A RSN S A R 18], 852 A R R
B, LR BRI Z A 1 0 BT RED
H, MRS B A AN IR R EIRZ, EAHREN
PEREAF 2] T ARG R T,

% ERTARRE R, Ak S a9k,
Fs AT A RS, N B R A3 A ] A 75
Ja, iR T SBAPUKA RS HOS SRR &
B HRE TR N R, /G 7RI A
S RABORR A INESWRE, JFERIRIE T

FERIREINE T BRI R PE AT TR BE . 1X N
SMAEGRENNHRR T aATRsoRgE, &
GRS E X

1 SCig

1.1 ER5EE

A JFER R . BB A 100 mm X 15
mmX 1 mm), BRI SENAGERT R A RA
")) A flEE R CGEEE. 85%MEIR . FUILEN.
RN M. mhif . BA R AR TR
A w))iE—E LI, oSG TR A A ),
FERE AR AT KH-550(rE 5 G Ak TG R A R),
WEMNE BSI(EEANAT]), EHERRER] 66970
PRSI TIERHE IR A D), BRI R 71 R B %
650(FFE M A PR A F]), {2177 DMP-30(R] 2, 4,
6-— (R Bk FR ) Ry, N T A A PR A
Al)o

FEUR B LW R : BAS224S HF 40 b1 KF
(FEZ RN R AR A F]), TG16-WS & 2 sEiE
EOALA R R R A 7)), DHG-9146A HLFAE IR
ST RE(EEREXRESARLA),
DZF-6050 375 T/ F8 (L 2 se i W & A IR A
F]), 101-5 ANEEANELE H ARG T8 (R BRAX
BALEA IR AT, KQ-50B 75 i 1 ds (B 1L i #
A PRA ), NT KA BN 28 (L BB RAL
R A BR A7), MS-H1280-Pro {E L #E /144 8%
(&8 J A IR A 5]), PHS-25 30 pH iH( i
PR AAES A A TR A 7)o

1.2 E6MREHE
1.2.1  #3F3R T £
1) IKF 1 SR 4 SHbACET BERAE, T PO R

2) Wfh: =R NRRFEBON 2 %l 25 H) R
ERFRIEW R, 1R 10 min JEHCH, FH 28 KR
J& 60 CHEFHHET;

3) WEfh: 4 SEPAUT B R, =i IR
N H 8 ZBEL T, 1298 30min [FEGH, %
BT KM 60 CHEAEHET

4) EEREIESI & H 4 SWAUTEREE, %
KH-550. &8 3K 3:22:75 BIBCHIRE
Fe K RV, KRV pH E 2 — & M EUE,
g 134k 30 min, HE — B E, 2K RO AT
i . Bl mi A ER AR i E T = IR N IR BIK AR
SRR e A IEVR 10 min SEEUCHE,  FHROXALIR
T, ARG TN BEAE AR 7E 120 °C R [E4K 60 min 57 B,
RIASRE e it o
1.2.2 RSB A R 2

W SR BB AN 2 I A (Na-Mnt) A2 5 1 /K 3% i
EE 1:20 A EEGIE T 2000 mL Bebf b, HLARER 75 5 4
24 h, FE 72 h, FporEWE S ECP RGN KIE L
#53 B502(8000 r/min, 6 min), FF BRSO
MIUTvE T8 & L, 19 23R 4 )5 M 48 K 5 A
(Nano-Mnt). LA 8 mol/L S ALHEEBCAFIE ], ¥ 2
g Nano-Mnt 5 70 mL EALHEVEBINSIRE T 100
mL KN ZEF, FECE T 140 CRIMAEF, &
N 24 h, SRJGH OB ZEIEK(RRRLE 1:1) R Z vtk
BIREZES BB CUONAN AgNO; AFE47T
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UE), PR EERCE 80 CHMAEH T, WFEERI{E R
I 5 B5E B (B-MntyBE 20,
1.2.3 BB ] &

H33 J5 1) Nano-Mnt -4 24 h % . 7E 1000
mL =R I 250 mL 217K, 250 mL 95%
L. 0.03 mol /5 2.5 mL R FEHE S
80 ‘CI I 10 g Nano-Mnt, #351Z 3R #i 3 1l i
15 h, SRJ5 ¥ A4S 20 16 VR o el 3 40 43 25.(8000
r/min, 6 min), FHLEE. ZBKEAELE 1:1)5k%
REHREEFERPAE CUNA AgNO; A7~
AVUE), BEREYEER T ES TS,
1.2.4 WA ER NGRS R ] 4

f£ 250 mL = HESRPImA 100 g P4 g
ES1, 3%(RESE)ANEERIi A, 15%E W
B 669, FEFE¥IE), FHEZA 80 C, fRIEHHE 2 h,
FEAE R T 8 75 20l 10 min, 2R )5 B2 i 10 min;
A B G RE PRI 50% [ 167 5
iz 650, 3%{THEH] DMP-30, 780 4iHEE 5 51
BESR AGRE 12, BEE 022 mm). BIRTE 2
2, BEJE 0.45 mm)fl C(R7E 3 2, HEJE 0.66 mm)
R, FIREADT 48 h, 4 H S WA PR ER
NEGIAKE AR

1.3 #HmIFRAESNIK
1.3.1  FEaLERAE

XRD 43 #72K Fi 47 2% PANalytical 23] ff] X Pert
PRO 0 X S&ATHMY. MR Cu ¥, K, H14k
(A=0.1541 nm) W NS, DLEZESHTT Adktr, T
EHE RN 40kV, TAEHFN 40 mA, K 0.04°
PHEE 24 O)min, 576 H A 5°~80° 5
10°~80°, /NMAATHSIHIETEH 0.5°~10°. B Ael 5
Hr R FH 2 |6 4 B Jé w1 77 2 ] 1) Nicolet 6700 4 5
AR LT AN G L [E B B 4R A A1 inVia B4
A, RGN 400~4000 cm™', @i ATR
BRI FE AT A B S 52 o 72 W30 5 BT 45 FH R
MRERDES A . R IIE 35 H 4 Hitachi
AT S24700 Al AR EET, NI Bk
NS KV, AT XA AT I 4 A FE R I
M. RS T (OISR T AR ) >R
fif % Philips-FEI /A & ] Tecnai G2 F30 %Y 0%
WH PR, REKERMHMEE Dataphysics
AT OCA-20 BIRLAT I 2 Bz fk A I B A

1.3.2 PRSI AL PERE DR

ffFH} CHI 660E ZY HEfb 22 T/ESL, FEhA i o
5124 1.0 mol/L NaCl #1 0.5 mol/L H,SO, ¥ » K
ZHWIAR, LU 1.2.4 & R R E S AR
AR RE QR E A B IR B RN A IR 30
min J51/F TAEEB(WE), Ag/AgCl M NS LE %
(RE), HAHM XS B (CE), it H ik 2 T AR e
J& oA B R HEAT Tafel B4k b 28 AAZ i BELAT I
(EIS). Tafel Ak iiZea4 s X BN 0.2~~1.4 V
A 0~—1.2V, FAF#EEN 3 mV/s; EIS PR PR
JEE N 0.1~10° Hz.

2 GRS

2.1 BUHMRERA

Bl 1 B NS R SR S 1) XRD .
HE 1 AT%n, JR 4G Na-Mnt 76 26=6.1° H FL(001) )
SEATHTIE, FR4E Bragg fiT4) /7 F% 2dsind=4 (1= 0.1542
nm), FJE X RIFZE IR doy=1.4490 nm. )5
f Na-Mnt FHEG, S5 S0 J5 AT SRR 1] /N £
FE 7 #4503 3.1°, i Bragg T8 2RI S H, (001)
T TEZ A EE dony\ 1.4490 nm #K 3] 2.8504
nm, HE 1(b)FRAFAE 20=6.1° TS FHIEIE,
KBRS Z SR, NREANFEMA T
ERIHENT 75, SRS Z N TR
S ZE], AR D R B T 7S
2
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Fig. 1 Small angle diffraction XRD patterns of Mnts: a—

Na-Mnt; b—Mnt after LiCl exfoliation and hexadecylamine

organic modification
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Fig. 2 FTIR spectra of samples: 1—Na-Mnt; 2—Mnt after

LiCl exfoliation and hexadecylamine organic modification;

3, 4, 5—Mnt/Epoxy resin composite membrane with one,

two and three layers on surface of aluminum plate,

respectively

Bl 3 B AN BB 2 61 (Raman) &, H
Bl 3(a) T A1, AW IR Raman FEIEIE R 3070~
2878 cm', 1608~1458 cm ' A1 1245~634 cm ', 4}
HEHE T C—H. C=C. C—O0 1 C—C Wi,
Z WA 1) Raman RFAEIE “Blg” (WL 3(b)), &
LiCl 325 A0 175 e el S5 A8 B 17 B0 (L ] 3(c))s
ARG 5 5 A B2 a0 ISR A U F 5 BE 51
FrR gL 3(d). (e)FI(f), HIYEI “Lik” %
1E, WHENA SHENIEEE.
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3 ZiA) Raman K3
Fig. 3 Raman spectra of Mnt: (a) Epoxy resin E51; (b)

~ ~ A

Na-Mnt; (c) Mnt after LiCl exfoliation and hexadecylamine
organic modification; (d), (e), (f) Mnt/Epoxy resin
composite membrane with one, two and three layers on

surface of aluminum plate, respectively

Bl 4 B RS A R B O | S 1) SEM K HH
Kl 4 AT, JR4G Na-Mnt 1R OH JZRBER, &
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KA, I EHFE RSN A SRR R, W
Bl 4(b)Fr7m e X U3 5 52 100 A 1) 40 B 1S o o

22 HMERBRATEREESR
22,1 BRPESEBA AR R R R A 2L S A
i
K 5 Pl Juh i S R 3R AR B A R D' o
W . B SR MR AN ER 1 IR a6 40 s
K s(b)Frs it 154U RN 4 5 b 4040 B Y
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Fig. 4 SEM images of Mnt: (a) Na-Mnt; (b) Mnt after LiCl exfoliation and hexadecylamine organic modification

Bl 5 JRantn A AT BRI, B, R ARIBGT SRR AR EE J FLA A JE U () D 2 R A 21

Fig. 5 Optical microstructures of original aluminum plate(a) after sandpaper grinding(b), acidification(c), phosphating(d),

silane coupling agent film formation(e) and electrochemical corrosion of original aluminum plate(f)
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N DR, B 6(a2)s (b2)F1(c2) A AE A
FAL 22 R Il f5 P AR A, P X AT
HHWRE T 1 EEEE, W 6(al)Mi(a2)h okl
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HHRT I I B R Tk s R O, IR RN
W WA T 3R, B IERERLT, MIE 6(c2)hT
WL I B i A A > B .

Kl 7 s uRERD AL B A C &b B il s
RIMAMAM SEM 5. 5K& 6 Lk, & 7 Tl
EMWTE PR S BRI A, & 7(a2). (b2)A
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Bl 6 Fih Av By C ZEiA /AR IR 5 A AR f A0 6 Tl 5 AR AL KDl 2 10 i 2 24
Fig. 6 Optical microstructures of Mnt/Epoxy composite membrane of samples A, B and C (before (al), (bl), (c1)) and after
((a2), (b2), (c2)) electrochemical corrosion

B 7 Fedh AL By C S/ IR A IEAE f AL 2l il 5 A2 A MR T Y SEM 1R
Fig. 7 SEM images of Mnt/Epoxy resin composite membrane of samples A, B and C: (al), (bl), (c1) Before electrochemical
corrosion; (a2), (b2), (c2) After electrochemical corrosion; (a), (b), (c) Section images of Mnt/Epoxy resin composite

membrane of samples A, B and C after electrochemical corrosion.
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222 SRS LA ER IR A R A S
F=WARIIERY
R 1 PR AAFEFRE S . o, 25
BHig ES1 HIHEfbf (84.6+3.1)°. Lik&EREW,
Na-Mnt #&355/K K, WA A. B A C 1435
KT 900, REiKM, HRMEEBBZ8®E, X

Fz 1 FEE AL B AL C LLRATIA AR I
A sh
Table 1 Contact angle of sample A, B and C, pure epoxy

GESREYi

resin and original Na-Mnt

Sample Contact angle/(°)
Na-Mnt 15.8
A 96.1
B 98.9
C 105.7
Pure epoxy (theoretical value) (84.6£3.1)

(2)

L (©)

e
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B8 ZRIM I eI BB R A

JO7 PRI fk AR RO, B R 2, K MR AT

F5 18 [E BRrprvfE DIN EN ISO 2409—2007 (fhi%
FEEERIME SLI0) Frid iR ae ik AT/, HE
WETITERER AL By C IS A A A R & 5
FNAEER S A IR 2 A e Rl — ik, 7RI
A 100 A 1 mm?” fIE T AR T R KL
3 M BHRE IS TE AR X S ik, SR 5 PRuid i 25 1%
W, BEE SR, I RS RIAS X A 1
HEMRDENEING, AR 2 58 78 155 o0t
55 1T

K 8 s AREM Ay By C FIZAER M fig bRt
PIRIRE MRS R, S IRE R R IR EBE IR,
LB T ISO MHE 155 P ) 0 S, oS
i A A AR i 5 T 80 AR I 45 6 0 R A
223 B S INA AR G SR A IR AL A 1 R

i

Kl 9 Fror RS RRE S AL B A C KL
S NA R EM AR E A BEAE 1.0 mol/L NaCI(WL K
9(a))FH 0.5 mol/L HySO4( LIl 9(b)) i 1 1) Tafel #i
T2k . JRAGES Fr EAN A AR R 1Y Tafel HRAth
LA

Fig. 8 Optical micrographs of cross-cut test of samples: (a) Sample A; (b) Sample B; (c) Sample C; (d) Pure epoxy resin

membrane
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Fig. 9

Tafel polarization curves of Mnt/Epoxy resin
composite membrane on surface of original aluminum plate
and samples A, B and C in 1.0 mol/L NaCl(a) and 0.5 mol/L
H,S0O4(b) solution
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Fig. 10
membrane on surface of original aluminum plate and
samples A, B and C in 1.0 mol/L NaCl(a) and 0.5 mol/L
H,S04(b) solution

EIS curves of Mnt/Epoxy resin composite
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H B 102 IS Im AT S R AT A1, 4 AL B
C {EJE A 57 P V60 R L (Ro) 3283 LR HAIR
X UL BABT 52855 H M I 12 11 F BEL G F i
T IS AN W I o T F R 3 1T A B P FRLBEL(Ry) 22
SRR, JRURER P I AT RS BN 5.8 Q/em®, BE
A By C HUEGEEERS B N 1455 Q/em’,
3278 Q/em’. 3412 Q/cm’. & 10(b) (22 i B I 45
R 5B 10(a)H 2L, BRAGER A 1) HL T i A% FLBE
197 Q/em®, K& A By C K HGT R BB 51N
546 Q/cm®. 1884 QO/cm®. 5313 Q/em?®, Hrfr, FEMH
C (AT EE RS P A K o Ui AR C AT AR
T RE TR BRI BB 715, A R s 73
i 5 ok 2

MEL 10(2)F(b) I F H, 78 H PR T A 58 8
Mg, SEABRIE—ANESL 5EmmdERE
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B HE YRR R A2 G, TEP AR
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fhCo BESH B BERD A, RIE b /N B K
FARER Cy FEM By FEd Ao IX 5L Z 453
—5, A NHEEBEEAR, R A
), L g e 1 e 55 6 JE R TE A G OG R o

B oy 4k 2 X Oy R S0 mk ARk ol .
NEMATOLLAHIA %P1 B4 |2 58 & 32 1 % (1
Mnt/EP 44K 2 & &k, HWALEE N 9X10°
Qlem®, HIREMWE; XI5t A%RR R AL 2R
PB4 4 (17 OAT/EP 44K 5 414 BHE H8 OAT Jin
NEMAFE, HAL BB 4X10°~16X10° Q/cm’
2 08]; 4l EP I AL BB A 500~1000 Q/em?’.
5 FRRIEA L, ASCH 1) Mnt/EP 9K E S K
WEmE, WERZEENAR, HARbEEA
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SCATRIE R A YR REE BT Tt . RN, JER%
% 3 WANG 2512331 4 119 MCM-41/Mnt/EP 4 K 5 &
Rk, HIHFUELE 5X107~2.75X 10" Q/em® 2 ],
DEYAB %54 & 0% /B e £h/ 30 M IS 9K 5
AR, HBABUETE 6 X 10%~49 X 10° Q/cm? 2 [f],
¥ILL 4L ) Mnt/EP ’EAﬂﬁﬁ’JﬂﬁTF‘“”tmﬁﬁ? X7
UL, K MRS B WA R R A 3 mrR I

M JE8 Ak P RE PR — AN B LR T 5 170, 53— T3 Tt S gk
Mnt/EP & & i i /6 ek Be i A R OK 5t 231,
{IERS St 2 1

3 g

1) S B AR AR IRPKE S AR

TRAAFE (B8 [ A BRI A, T EL RS 2 2
ﬁ#Aﬁmmzm9zmnmﬁk W HA R
e bt 5

2) EWi A S EMIENESIRETRERS
B0 BRI B e e, H IR AR JE kv e
WEEEZIFHKER. UEARENIEERN 0.66
mm B, HEGKPERLE, 763 FIER VAW I 6
P fE AT . 7F 0.5 mol/L NaCl ¥& W i) J& il ey
BELA 3412 Q/em®, 2 JRUR%R F 65 Tt LU BELF) 588 1%
£ 0.5 mol/L H,SO, ¥ ' ¥ Ji vh sl By 5313
Qlem?®, S JFEIAE A HL BRI 27 4%

3) EHLSHENE A LIRS G RGN &
HARFE, WEEARENEZEM AT RN
REMASHENLE D TMEE AR, Ti—2i7t
HbERe, AT MM HETR, EEE— PR,
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Preparation of montmorillonite/epoxy resin anticorrosive membrane
on aluminum plate and its properties

LIU Jing-yi', LIU Shu-jie', WU Shi-zhao', GAO Jing'?, HU Xin-quan'?, LI Guo-hua'>

(1. School of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China;
2. State Key Breeding Base of Green Chemistry Synthesis Technology,
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: In order to improve the corrosion resistance of aluminum-based materials, a Mnt/epoxy anti-corrosion
composite membrane with good smoothness, wear property and resistance to acidic and salty corrosion was
prepared by intercalation composite method. The effect of membrane thickness on the corrosion resistance of the
membrane was emphatically studied in NaCl(1.0 mol/L) and H,SO4(0.5 mol/L) solution. The surface structure,
crystal phase, chemical composition, microstructure of the anti-corrosion composite membrane were characterized
by optical microscopy, small angle X-ray diffraction, FTIR, SEM and TEM. The results show that the interplanar
distance of Mnt modified is expanded from 1.4490 nm to 2.8504 nm. The electrochemical corrosion resistance of
the membrane was tested with Tafel polarization curves and EIS. The results show that the thickness of the
membrane has a positive effect on its anti-corrosion performance. When the thickness is 0.66 mm, the corrosion
potential and resistance are 0.8794 V and 3412 Q-cm’ in NaCl solution, respectively, and they are 0.5285 V and
5313 Q-cm’ in H,SO, solution. These results indicate that the membrane exhibits excellent anticorrosive property,
which can be found wide applications.
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