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Extraction and Preparation of Walnut Green Husk Inhibitor and
Its Inhibitive Action

LI Xiang-hong', DENG Shu-duan’®, XU Xin'
(1. Faculty of Chemical Engineering, Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Faculty of
Materials Science and Engineering, Southwest Forestry University, Kunming 650224, Yunnan, China )

Abstract: Walnut green husk inhibitor (WGHI) was extracted by ethanol aqueous solution under reflux
conditions. Its corrosion inhibition to cold rolled steel in 0.5 mol/L HCIl was studied by weight loss,
potentiodynamic polarization curves, EIS, UV, FTIR and SEM. The results showed that when the volume
fraction of ethanol was 40%, the yield of WGHI was 14.2% with an inhibition efficiency of 90.3%. WGHI
could efficiently inhibit the corrosion of cold rolled steel in 0.5 mol/L HCL. Moreover, the inhibition
performance enhanced with the increase of mass concentration of WGHI, but decreased with the increase
of temperature. The inhibition efficiency of 100 mg/L WGHI at 20 °C was 90.3%. WGHI could absorb
on the surface of steel by physisorption and chemisorption process, in which the heat was released and
accompanied by a decrease in chaotic degree, and its adsorption behavior obeyed the Langmuir adsorption
isotherm. The addition of WGHI drastically inhibited both anodic and cathodic reactions for the corrosion
of steel simultaneously, indicating that WGHI was a mixed-type inhibitor. Nyquist diagrams appeared an
individual depressed capacitive loop, and the impedance remarkably increased with the increase of mass
concentration of WGHI. SEM results revealed that WGHI could efficiently retard the corrosion of steel
surface in HCI solution and decrease its surface roughness.
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Fig. 1 Effects of volume fraction of ethanol on the yield
and inhibition efficiency of WGHI
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Fig.2 UV spectra of WGHI
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Fig. 3 FTIR spectra of (a) WGHI and (b) adsorption film

formed on the surface of steel after 6 h of immersion at

20 in 0.5 mol/L HCI containing 100 mg/L WGHI
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Relationships between inhibition efficiency of

WGHI and its mass concentration
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Table 1 Linear regression parameters of p/6—p
T/ °C R R K/(L/mg)
20 0.9998 1.07 0.2952
30 0.9994 1.04 0.1535
40 0.9995 1.07 0.1028
50 0.9932 1.09 0.0647
60 0.9911 1.17 0.0423

2.43 WGHI 4R % & 69 B W # A 5

S iV B 5 9% Dl N TE 4 R/ TR T L A I
TRV, 7 X I B A T 2 S8 A TSR 5 OF
o AR T 2 W B AT oM™ W B 4 (K) SR
B (T) ZIaji /& Van’t Hoff J5 ¢ B

”,0
+1 (6)
T

Kb AH FRUETL RS, kI/mol; R AW £,
8.314 J/(K-mol); T NAER N E.

0.5 mol/L HCI % In K—1/T 15 EHL LA 6.

K6 Hr, MR PEASE R B (R?) 4 0.9946,
5 WGHI 7E 50 2 T8 Y W B A7 R 7RIl AN Van’t Hoff J7
B, SRR 6 I InK-1/T HZRPRKRE H
AH’,

S o3 - B 2% T8 A TR BFF 1T 3 (A % ek )
Oy F AR R 8 70 o0 T R, R kg Y - T 0 e ok
P, B — B AW AT 2= S EO R HE T B g
(AG’, kJ/mol) WlAkHE F X ikfria.

0
- exp[AGJ (7)

InK =

0.0030 0.0031 0.0032 0.0033 0.0034 0.0035
/K™

Bl6 InK-1/THZk
Fig. 6 Straight line of In K-1/T

T pootvent SE 2 THUA R P R A BB MR B2 o PR T2

TR A T VR BEARAIG, O IR R T B VERE I, XF

T H0 1Ml 75, HoO MY B 29 1.0x10° mg/L.

e, ARvEN B AS® )l s R AT

AS® =(AH" -AG®) /T (8)

25 BE W GHI 7E V2 5189 2 T ) W B A 2 24
TR L 2,

# 2 WGHI 7EH92 1 (19 W B #1122 25

Table 2 Thermodynamic adsorption parameters of WGHI
on the surface of steel

IREE/PC AHY/(kI/mol)  AG%/(kJ/mol)  AS®/ (J/(K-mol) ]
20 -38.64 -30.70 -27.01
30 -38.64 -30.10 -28.17
40 -38.64 -30.05 -27.43
50 -38.64 -29.76 -27.48
60 -38.64 -29.51 -27.41

H2 2 PEBIR T, AH'<0 FEH Y458 17
WGHI 47 3 5 30 2% 1™ A= W B e 25 Bl i 34
L, ONECHRGE AR, B GRIHR S A 0 3R TR A o
Wi Uk ) e U DS L A v e AN R A A
IEAh, AH® 4 XHEAL T 10~60 kJ/mol, # WGHI
3T AE A T ) R v ] 0 15 R A 2 23
AG® HI4EXHEAE 20~40 kJ/mol Z[H], #k—F M
WGHI 1) A & WM SR, BWHER
TR B AL 2E W B2 AS<0 FERHZE i) 4> TAEVE
TROAE P R AR A 2 T S TR L 1 P RE /NS
244 BRI FAK

R TR R AR R R B )2 S8
FEILRE (E,, kI/mol) FIHEHTH T[4, g/(m*h)]
A MR YE Arrhenius 23 Z0iEf7oR 1Y,

“La lna (9)
RT

Inv=

WFE 0.5 mol/L HCI ¥ ¥ HH 8 il WGHI 71 J& 45 ¢
FER) Inv—1/T 1A HL LA 7,
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Fig. 7 Straight lines of Inv—1/T
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Fig. 8 E,and In 4 changing with WGHI mass concentration

MIE 8 Al F i, E, Fl In 4 ¥J56F6 WGHI ¥
BYIEINHE K, 24 WGHI B9 FE N 30 me/L i ik i
AR, Bif 5 il 2% o 700 v B ) 384 A r s/ & 60 mg/L
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E, SR In A 3592 S 8URAC A s 2, i
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MG SCHik[24], BN WGHI )5 E, o234 = 1H
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GRLT ST PR, BOREMS) 122280 E, KA
Wi 2% it 431 B R O A5 — 2 R SR R
BUAl, X F7E 4 A W L A MR TR 43 F Y
W o — 2 VR A MR o Ak A g R R R A 2 1 BfF ),
JIT LATEF E, K H W 5 1ok 750 %) W BFFAE S AU s, iy 245

B WIS S B HORTEH . TEMEE A& 2 By AR
I AG® BEATHIBr, WGHI 75402 18 19 W Bk 5 =%
TR A B2
25 FhEAIRAL B

20 WFAELHITE 0.5 mol/L HCI 25 AR M &%
A 10, 50 #1100 mg/L WGHI 22 ish 5 e P 1Y 5l e
A AN S
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Fig. 9 Potentiodynamic polarization curves of cold rolled
steel in HCI solutions without and with WGHI

HE 9w, SEAKRMETLIEL, 4%
T HE v B WGHI (1 22 i A 3 i B BH 9 S Akt 222
TR ol e % B /N T B Bl LB BH PR R AR A
FHBE WGHI e B2 (0 3 hnmi b 55, B WGHI [R] i 4 il
THIAE HCL W 1 IR A B AR B R, T U 28R TR
A PR AR U X B A 2SR Tafel AMfETE
Al P B (Eeore, mV). JEM B E (Lo,
uA/em®), M Tafel &% (b., mV/decade ) FBHM
Tafel #}% (b,, mV/decade ), ITH i HEH TS
MR (n,, %), 25 3,

3 AELAIE HCL TP sh R i ik S50
Table 3 Potentiodynamic polarization parameters for cold
rolled steel in HC1

D(WGHI)Y  Euonl Leon! b ba

(mg/L) mV (uA/em?®) (mV/dec) (mV/dec) /%
0 —471 114.8 119 70 —
10 —-473 52.2 112 70 54.6
50 —484 23.8 119 73 79.3
100 -466 13.3 127 76 88.4

B — R AT

MR 3 T Ecor FEAS IS U WE WGHI
1 HCUIR WA B AR FF A, 5 WGHI W v 5L
BTE HCT HP 19 3 ok ri Al 27 BH B RS s 7 Fy 410 o 7
RGN ; MR4E Cao* WAL, WGHI [y fL2: 2%
PR HIPLEE T sCnT IR0 LB R ™, B WGHI
TEMRTE L7 A I 5 s, 4R/ TR T LA S
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AT I ) T R o

Tafel &}3 b, Fl b FEAINZZ ] WGHI HiJ5 7R
FEACA = A B G AR, A R AR TR R VA R 1 IS
o e Ak RO HLBE R & AR el st I, BE WGHI J5
SR IS DT T R, AHR b, p, B WGHI 5T
VR B 3G G, RIYA FLAR Y ok R B
WGHI Ji it e B2 38 hnin U, 24 WGHI B i ik
JE 4 100 mg/L i, 7, ik 88.4%, # W] WGHI %4
7E 0.5 mol/L HCl ¥ ¥ AT R A2 1l /EH o
2.6 HZFMEMIE (EIS)

20 REUNHERIEA TS A AR WGHI i
FERY 0.5 mol/L HCI 47 51 1 (1Y Nyquist & VLA 10,
10 H, IR P Y Nyquist #2385 582 A 23951
IERE, FEEV ELAITE HCL A b & A= 14 T ok 2 g
B I e T TSR e % o R = R et o
PHLEELE AN WGHI i J5 3 A R & A s 29, 5ok
WIS )25 1 HCLE AR L, 8 WGHI J5 25
BN o 2 Fole 90 o B A 388 o g A S AR K, R AN
TG AR 22 v 1 Hi A 2 T LB S 3 R, AT 3
BRI AR, WGHI 2290 g2/ 1B, %k
AN HE— 5 W 2L 0] % BTN [0 78 R gl
T3, Ut A AR ki AR R A TE A R R TR AN P
HE TN 1 55 7 v A/ R L T R BRE AN 34 )
7 [ A A R R st PO

—o— Blank

400

0 200 400 600 800 1000 1200
Z/(Q-cm?)
E 10 MAEANE L&A WGHI /Y HCL Y Nyquist [k
Fig. 10 Nyquist curves of steel in HCI in the absence and
presence of WGHI

FHE 11 TR R(OR)HIZER L B KX EIS

TR
Q }
R

SV CER L

Fig. 11  Equivalent circuit

Hodr, RAHRBTA R, Ry A B Ik R N Y
M, O AWM MAICHE. FF N H 2
A (Cq) #LG, O R I ULA A7 ZEMU R YR ELRUN,
MBI BEE , O 5 Co fA7E I T 506 R AP,

Cy =0 x(2nf0)"” (10)
HH: fuax A Nyqutist B FEHN ( Zin ) 8355
B X6 FORFAE AR, Hzs a Rl R i F2 B K
INEYIRECR AL 7 o B R AR I B 3,142,
4 FH T X EIS AT LA B AL TR S

ME 4 T, SR A K500
BUEAR/N, Bk — 2 EDUE T Fir 45 54 i % IR UL 1
AL IO S B B S I HER T . AT T R,
T 2 Q-om?®, & B I 0 TR 114 A AR b, 7 R S oy ]
DLW, X 3B i T 5 AL BT HCL A 7KW AT 5%
LB, WA S REAPY, E HCLIR R s
SERhRIE R GK, HY4 WGHI B KRG R,
WO BE TN 3, 5 2 XL RS2 e BEZZ 107 )
BEREINTTEG K, 100 mg/L WGHI B g N 87.2%,
KR WGHI X2 5LA97E 0.5 mol/L HCI % H 1)
JE = AT B AR o YRR a RN
FER) WGHI J5IEA GRS, 2 AR/ B 1 1 7R
RO AE IS M G2 i AT R SRR E AN A . B
WGHI M ZmMEmik Rz O fl Cy ¥ TR, HRiZE
TR0 o B FH o A 3G 0 B R A B B, X PT BB
P T4 A 2 TR ¥ WGHT BB B 3E T 0 H w4k
BRI Ha0 43, HLBESZ b ) 57 £ e B 185 o i i
% ol 2 g JEE L1081

® 4 WENTE HCL PRy AL BT IE S8

Table 4 Electrochemical impedance spectroscopy parameters for cold rolled steel in HCI

”((‘I’lvl;g)/ RJ(Q-cm?) RAQ-em®)  O/s/(uQ-cm?)] a 7 Ca(uF/cm?) /%
— 0.47 134 3229 0.8817 494x10° 217 —

10 0.65 331 216.9 0.8882 558 107 159 59.5

50 1.56 850 107.3 0.8643 1.62% 107 73 84.2
100 1.09 1052 86.5 0.8608 487x10° 59 87.2

27 PA#EBRFERE (SEM)
F T MIOU AR FE AR 9T WGHI G2 PERE, XT4K
FHIEATROIIE S WL, SEM B A WA 12,

MIEL 122 Hral IR AN R DG P8, HAR
L BIRPARST AL PR R AR A i 120 ]
B, RN SR EE M, A RRIE
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YRR 1Y SEM [ 5
Fig. 12 SEM micrographs of cold rolled steel surface
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