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(Key Laboratory of National Forestry and Grassland Administration on Highly-Efficient Utilization of Forestry Biomass Resources in Southwest
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Abstract: Graft copolymerization of natural cassava starch with acrylamide was used to prepare cassava
starch-acrylamide graft copolymer. Weight loss, potentiodynamic polarization curve, scanning electron micro-
scopeand atomic force microscope methods were used to study the inhibitory effect of scanning electron micro-
scope on aluminum in 0.5 mol/L KOH solution. The results show that the corrosion rate of aluminum is signific-
antly decreased after adding cassava starch-acrylamide graft copolymer to KOH solution, indicating that cassava
starch-acrylamide graft copolymer is a good inhibitor. Inhibition efficiency increases with the increase of the in-
hibitor dose, but decreases with the increase of temperature. The maximum inhibition efficiency of 1.0 g/L cas-

sava starch-acrylamide graft copolymer at 20 °C is 55%, but dropped to only 17% at 50 °C. Inhibition performane
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enhances with the increase of immersion time, and reaches optimum at 6 h, thus showing better inhibitive stabil-

ity. The adsorption of cassava starch-acrylamide graft copolymer on the aluminum surface conforms to Langmuir

adsorption isotherm with the standard Gibbs adsorption free energy of —225.58 kJ/mol, and the adsorption mech-

anism is the complex adsorption in which physisorption and chemisorption occur simultaneously. Polarization

curves shows that cassava starch-acrylamide graft copolymer is a mixed inhibitor type corrosion inhibitor, and the

maximum positive shift is only 16 mV. Both scanning electron microscope and atomic force microscope test res-

ults show that the degree of corrosion and surface roughness of are significantly dropped for the alumiunium im-

mersed in KOH solution containing cassava starch-acrylamide graft copolymer.

Key words: cassava starch; graft copolymer; corrosion inhibitor; aluminum; KOH; adsorption
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inhibition efficiency (#,,) with the concentration of
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Table 1  Electrochemical corrosion parameters for aluminium
in 0.5 mol/L KOH without and with CS—AAGC at 20 °C

c/ Eeon/ Teor b/ by/ 1/

(gL mV  @A-em? (mVidec) (mVidee™ %
0 —1 495 7142 314 72 —
0.1 —1488 3835 336 55 46.3
0.5 —1483 3371 338 58 52.8
1.0 -1479 2743 329 54 61.6
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Fig. 7 SEM micrographs of aluminium surfaces

a. RN CS-AAGC



%5344 WO REVER TR B AL R M0 KOH ¥ W Hh 47 A 2 A 167

2,52 4Bk d@e9 AFM 547

m & 8 AT, 49 7E 0.5 mol/L KOH ¥ W J& 1th
6h/F, FMEFM™E, HERTY, REOEXEA
Ko bR R AR A k= . FEER N 1.0 g/L

00

wv
53 /nm
=]

2
K /um 4

a. RGN CS-AAGC

<
=% /nm

CS-AAGC J&, fRRE B N V5, &g
NG ATSRBEFR W — S D AR S EE R B, KA
CS—AAGC fg X} 45 7F KOH Ff J& i 7= A= 1 B g iy
HIVER

00

2
KB /pm 4

b. #EAN1.0 g/L CS—AAGC

E 8 48RRI 3D-AFM MW 5%

Fig. 8 3D—AFM micrographs of aluminium surfaces

2.6 ZMERNIE
BR7E KOH I h 2k AR Mr U, BHAR AR
RS R . BRI nA s (6) ~ (8)

Al > AP* +3e” (6)
AP* +40H™ — Al(OH), P
2H,0+2¢” — 20H +H, (8)

R 2 9y TN s T e S R SR W 1 4y 7 45 4
KV 9 R, REREM TS 17% HAERE B
1 83% HEFEMTC, X 2 kA & A A L
R, HEEERRAE BN 990, 45 F ik 1.0
10° ~ 2.0 x 10° g/mol; SZHEVEH B R A BN 7 200,
43R 2.0 x 107 g/mol,

HO OHO

— —Jn

9 CS-AAGC W FE&HRK
Fig. 9 The molecular structure of CS—AAGC

PSR RS R K CS-AAGC 7EH 3.
T2 % AR SV E R . 1928, CS—AAGC
4y h BAT —OH FI—NH,, #0437 (018 4 46 %%
K, SRS TR AR &m b Hik,
CS-AAGC il 5% i) AVIE B A W e W
B 7 6 7 4 J R 0 T T I T 4 T A T 1 ok
AN, CS-AAGC Wiy O, N R B KKK

XL, AT ALRYES p BUE I OEC (o 88 kAR AL
Rz

3 GigSite

1£ 0.5 mol/L KOH ¥ & ' %3 Jil CS-AAGC J5
BB v BB FRAL, i CS-AAGC HAT BT Ry it
VERT, SihRBER CS—AAGC Yk i 18 fin F1i8
i T, EREE T 0 BRI, 20 <C
BFAR I 1.0 g/L CS-AAGC #3/) v H 38.43 g/(m*-h)
TREZ 1731 g/(m*h), 6 h BZEMZE 55%; 50 C
T REZE 17%., CS-AAGC 7E Al 3 1 1Y W i 75 &
Langmuir W B 553 50, {H CS-AAGC 7E48 v e ifi
W I AFE AR BEAE R O, HARECEY Gibbs H i
fE b —22.58 kJ/mol, WA I 7 XA i PR BT Ry
TR AWM. CS-AAGC Y 25 Itk fig = B 0 A
FHRMIEALRE (E,) BT+, 7 KOH %
() E, A 43.69 kJ/mol, ¥/l 1.0 g/L CS-AAGC J5
E, % 59.71 kl/mol. At Ze 84 73 #r CS-AAGC
SR A T R G PR, i e A S A PR A AN AR
SEM Fil AFM & B 75 i1 CS-AAGC J5 47 i 2% 1
JE el R RTOREL RS B2 IR, TROWLIE A Ik FR A b 4G
FIES BT IR, W&l T 4578 KOH &b
14 85

(& % X W)

(11 EARUE. SEAEmtE A BT 08 il 5 i {2447k [D].
BUM: WIT. KA, 2009.

(2] SKZE, TIRARUE, 253, 55 B e SRk v i rh i i i
INT 58 eALEE [J]. SRBOE S RTF R, 2014, 26(11):



168

[N A N o

i 41 4

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

81-85.

AP, BRE L B AL, 55 BRTE bk H i i B
WAT M [J]. FIEEAR, 2005, 29(9): 602-606.

X353y, 2= 2L, £ 8, 2. 4576 NaOH Hh it & sl g
2SR I]. IEVEIERL, 2010, 26(8): 24-27.

Soliman H N. Influence of 8—hydroxyquinoline addi-
tion on the corrosion behavior of commercial Al and
Al-HO411 alloys in NaOH aqueous media [J]. Corro-
sion Science, 2011, 53(9): 2994-3006.

Kumari P D R, Nayak J, Nityananda Shetty A. Corro-
sion inhibition of aluminum type 6061 Al-15 vol. pct.
SiC(p) composite in 0.5—M sodium hydroxide solution
by 4—amino—5—phenyl—-4H—1,2,4—triazole—3—thiol [J].
Anti-Corrosion Methods & Materials, 2014, 61(4):
241-249.

Elango A, Periasamy V M, Paramasivam M, et al. Nov-
el polymeric inhibitor for corrosion of 57S aluminium
in 2M NaOH solutions [J]. Anti-Corrosion Methods &
Materials, 2010, 57(1): 3—5.

Umoren S A, Obot I B, Ebenso E E, et al. Gum arabic
as a potential corrosion inhibitor for aluminium in al-
kaline medium and its adsorption characteristics [J].
Anti-Corrosion Methods & Materials, 2006, 53(5):
277-282.

Li X H, Deng S D. Cassava starch graft copolymer as
an eco-friendly corrosion inhibitor for steel in H,SO,
solution [J]. Korean Journal of Chemical Engineering,
2015, 32(11): 2347-2354.

X, Kete, 2= AL, 55, BT #4854

[11]

[12]

[13]

[14]

[15]

[16]

AR ER AR LU (D). PR AR R 2 (A
SREHE) 2018, 38(1): 66-71.

THE, B, e, 5. SR TER & IR
JEPERERISZIR [J]. PO R Mol K274 ( BRRE )
2018, 38(1): 175—-179.

ML, T B, A, & RSB BRI R YA
HCL W X AL ZEMMEREDESE (1], S Rk 5 By
PR, 2016, 28(6): 525-530.

Li X H, Deng S D, Lin T, et al. Cassava starch graft co-
polymer as a novel inhibitor for the corrosion of alu-
minium in HNOj solution [J]. Journal of Molecular Li-
quids, 2019, 282: 499-514.

LR U, ORI, S, A5, T ity A0 A K
X B A9 B4 G2 A AL ER (0], e A AL SR o A, 2019,
40(8): 1706—1716.

Mz, BLETE, EHE ZERFF R EUITE 5% HySO,
X A3 BB G (7], B 5 B4R, 2013, 34(10):
896—900.

Defloor I, Dehing I, Delcour J A. Physico-chemical
properties of cassava starch [J]. Starch, 1998, 50(2/3):
58-64.



https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.7503/cjcu20190017
https://doi.org/10.7503/cjcu20190017
https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.7503/cjcu20190017
https://doi.org/10.7503/cjcu20190017
https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1002&#8722;087X.2005.09.011
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.3969/j.issn.1671&#8722;8909.2010.08.006
https://doi.org/10.7503/cjcu20190017
https://doi.org/10.7503/cjcu20190017

