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Effects of Bio-based Carbon Steel Protective Agents TPA on Corrosion Resistance of
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ABSTRACT: This work aims to prepare an environmental-friendly bio-based carbon steel protective agent to solve the
disadvantages of traditional metal surface treatment method such asenvironmental pollution and damage to human
health.Tannic acid, phytic acid, gallic acidand tartaric acid extracted from plants were blended with water to obtain
a bio-based carbon steel protective agent TPA with excellent corrosion resistance. The carbon steel surface was coated to
obtain the passivation film. Vianecessary analysis methods such as FTIR, OM, HSS, EIS, the effects of different kinds,
ratios and concentrations of bio-based protective agents on the corrosion resistance of metals were investigated. Differ-

ent bio-based phenolic hydroxy acids, such as tannic acid, phytic acid, gallic acid and tartaric acid, had anti-corrosion and
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protection functions for carbon steel, among which, phytic acid and tannic acid had good corrosion resistance.

The bio-based protective agent TPA, which was prepared by blending phytic acid with tannic acid, had the best corrosion

resistance. When the ratio of phytic acid and tannic acid and concentration of TPA were turned to be 2 : 1 and 3%, re-

spectively, the electrochemical impedance modulus of carbon steel treated by TPA can reach 5.02x107 Q-cm? which was

much higher than that of a single bio-cased phenolic hydroxy acidprotective agent (<1.0x10* Q-cm?). In conclusion, tannic

acid and phytic acid in bio-based carbon steelprotective agent TPA form molecular association composite protective agent

through hydrogen bonding. TPA protective agent can react with iron ions to form a dense passivation film, which over-

comes the defects of stress cracking of tannic acid passivation film and porosity of phytic acid passivation film, and sig-

nificantly improves the corrosion resistance of TPA passivation film. The bio-based carbon steel protective agentcan be

used for anti-corrosion protection of carbon steel packaging materials

KEY WORDS: bio-based carbon steel protective agent; bio-cased phenolic hydroxylacid; carbon steel packaging mate-

rials; anti-corrosion protection; environment friendly

i A D — APk RE L R EL A 22 5% 1 <6 s 12
FORL, Tz T A 2R e R A AR KA R . S8
B ANGEAEMORAN L, BRI S KRR, R
XA AL BB BEAT R MIAL B, PRI, HE S iR A
Gt AT 1Y 42 R F e A AR AL By 5 2 A
JURl: 55 1 FERIT R ISR, W B s | 92
PR, BRAC BT A B, R B S I AT AL
B, b PRI AR R 1Y F BEAE , MR I
R BEALAL B 5 55 2 AR AL 2 B A R A X e
AL RS T R T AL FE, IR L B AL BB RRER
FRALNRAEHOAR , (HAR MR ER AL 5 A /S o d ] 2N
HIFAL TN BIE , XA R A H S, B
WP S HE R T MOV AHIRER YT, R HE
T2 KR B W A BRIRE TG Y s 5 3 R R LR
JRHATRER G, AT AW EATEE . L
WV . SRR IR T, I R o AR R
ZHEK . R LSER AL ARG 0, AR T3
RAP TR 2255, NI, R IR e IR 1) & A
S BRAN B T AL B AR )

UTARSR , AR B T OR3P B AR A Dy — Bl B BF
F AR BN GO A Y bR R TR T
IR, XIPRBETCTT Y, A BT AT FER sk B IR B 15
D IHER . SEBUROR TS A S . A SRR R
Wz, AORIRT IR . MR R EAE,
WL A TR R TR MR A
FRAE . BT R h LAY 7 SR P A B R A L),
PO BRI FOC R PR R S8 -, & A 5 1 B
FeAE LR T A E R . TR TRA (g
PRI ) s B | SR SEFERC T, W TR —Fh
ZMEAIEY), FEORBETHEMNRE, Kt
2R B A AR O L AB R S A3 WU /S BEIR , 2 I\
YA TR — R A LR LAY, EEORIRT
SRHEY IR | AP ER R ZE RN, Ay
SEth S A RN T, TS R T SOV
] 4 T o g 2 0 Gy R — TR X 43 T

RPRIR , SRIR T ML BT B A0, 2 4T i
T B EAHLIR . IFFE AR B X LR e MR AT &
JE B EPERERTST, W Chang S5U°Iedfoh 7 MR M 5 5
5], RITHRTIR . dATBIB K Zr0, S IF A
W BT S A AT I i RE s Xiong SFPOBFSY T
FHPR I AU R AR BE LA LRI AT s You 551214l
P55 T B e By, i BT 2 B B R S PR AR
THE A B 6 U S0 e B AT DU A BT JE PERE , (EA A
[7i) A= Wy R RHE 7 I PR E B A LA L PR A2 IS A K]
VA= 4 T ARAP 50 BTS2 R DL AR

SCHMIT L IR AE A6 O By e R R ( BT R L A
M. BRI, WAaM) NEk, dEddbR., 2k,
il B £ A 4 S AR PR, W58 R R AW RE A 5 )6 P g
AORZIR Sl 0T B0 O B s S8 L ) 2 4 s 4
L LU T B 28 A A Bl I DR AP

1 R4

1.1 £YEEERIPFING &
1.1.1 &7

FEGKF] . ATEE (TNA) | R (PA, 70% ) .
BWETIR (GA) . WA (TRA) ¥ H T Lk
i T AR AR A RS A IR To/K Z B4
2G5, B JERRE i 2 AT B
1.1.2 E£MELBERIPF TPA W&

TE 100 mL i@ 2w, A 77.6 g 2818 K,
Bt Jo A 0.8 g BAT IR (1.6 g FERR , 76443 4 500 r/min .
IR EE R 50°CTR ALY N 5 h, 15550 (B | 50
O, RN AYIE 4 B P57 TPA, TPA
TR BUN 3.0%., HoAthA: ¥y 5k 4 Jg A 9 750 Ak By
KM

1.2 S 5RIAE
AN R AR RIS RS,



1 % TR

2022 4E 12 A

LT AMETEAY ( Bruker Vertex 70, German ) %f #1 8} &
BRI AT AT I o

eoF WAE R (OM ). F Ot Wi
( HiroxKH7700, Japan ) L3R 2 KRR THTE S

HL L= BHATRE (EIS ) M. RATZ M = dapl 4
FZAEATIR, EH A R XS H A, HOR AR N S H R,
il 28 B 0 E AR SRy T AR, A R
10°~107° Hz, #shHEHR 10 mV,

i 5 55 J65 P it . AEAR IR T IS R A R S
h, $2 ASTM-GSS iR,

2 HRE5H
2.1 AN[E) A Ep 72 B e o ok 5 B 4 B T
BE 2 M

PR 4 AR iR (FATIR . MERR . R T
MR AR ) TR LA LS, BRI A e
AW B 4 FRRTLIR Y, ST AL BIRR R BN R T
o —Z AR OB A IR B, (AR R R 2,
RIBOTGRARIHER, tREMLZE S LA 2 0 5 SR AR R
DX PR T IR 5 R DURRTE B AN R TE Ul PR (1
YRREIALIE, LP4EA0 I, TOR PR G R b 3
1o AR GERNLIR , 1E4Im R IIURIE U 2 0 |
AR BONBARRBRDIREEAL IR . 5 TR R
TR . WATRRBEALIEAH L, MRRAVEIILIEE N 5] |
B, BARAAAERR M BANS , X ] AER IR TR
PR AR5 <2 Ja 7 1S B VR T e i AR 5 {EL
TR RO, S0 S NLIe AR, B AL
EAFAERR T RN LA .

b WETH]

100 pm

100 pm

c BEAMR d 1R

BT Ayl s e R IR IS Y D27 . e
Fig.1 Opticalmicroscope photos of bio-based phenolic
hydroxy acidprotective agent afterfilm formation

AL A T VA A R B S PERE I 2 F-BE .
TR AR (FEIR . TR, WE TR,

AR ) X RAN LA B S PERE A5, BN T AT AL A
T AT [R) e B AN ) A 0 T 50 o s Vs R 0R A 1924910 Ak
AbFR, AR PEAT FAR A FEL A 2 BT, 4t R
WL 2,

TEH ALY Nyquist B, FHALIRA R 5
Bl S MERRAHOG , BHPTINM AR, Ak A T JE ol
e . 7EBHHTIGAY Bode K, BHHLIE 5HIHRE R
o fi S AR B I PERE : A5R 1072 Hz B X6 o ) BHL
PUEERA, B PERERE. M Nyquist KT LLAE H, FH
PUEAR MR R IME Iy HER . BATIR . B TR
AR, IR PR RE KB/ IR 5 242 KB/
YA, M Bode EIFTLIF H, 4434 107 Hz i,
FERR A 1198 Qrem?, BATIRFHST N 1 024 Q-cm?,
R TRREYTHN 912 Qem?, W ATRBHTTN 642 Q-cm’,
SEIRRIY, R IEYERERAE, X5 Nyquist Y45
BN —E ., Xk L B LR A M 193 2 R A8 X Bk
BA—E PSRy

O PA
600 | < TNA
~ v GA
g [0 TRA
o
=]
= 400 - o
= 0002900,
& % %
| < 0
% 200 |- 2% %
2 %
O 1 L 1
0 400 800 1200
FHHTARAE S3B/(Q- cm?)
a Nyquist&
1.5x10?

Lo
105520
\\ W, ,’

10?

BHHAEA(Q: cm?)

101 -

102 10" 10° 10! 10? 10° 10* 10°
B [Hz
b Bode[F

K2 AW R i v A 2y LA 1R
Fig.2 Electrochemicalimpedance spectra of bio-based
phenolic hydroxy acidprotective agent

55 G T VTS BRI et 1 B B — > E 2
173, Jrale 4 B RS I WAL AL S
MY, FREATER 5 I 24 h S A B B A Al Ak BB
FESUE WLIE 3. IE 3 Fal DIE Y, B TRAESR
R R ORI, HIRR 2KuE)s 5w, £



a3k 23

TR, 5. AWEEEERYT TPA XFBRAN bR B I 1 B 5 i $43 -

o=
i

I

i

B

b BEBELENIAE

e T PRALER AR AR EL 2 U 1R fﬂﬁﬁﬁﬁﬁﬁﬁﬁ W

Ty

FUTT TN

o VR TRRAL R K AR 25 55 U AT
ATY R on

-

L 1

B |~
ideic
\ "“"
\
i yer
% g ! &
s iy A

T e

U |

j HRRACIRA B AR EE S TA S

B3 EY B R SR 8 TR DR AP R 5. 25 I ik s S iy Js RO 27 IR

Fig.3 Optionalphotos of sample plate before and after salt spray corrosion test with bio-based phenolic hydroxyl acid
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Fig.4 Photos of sampleplate before and aftersalt spray corrosion test with bio-based phenolic hydroxyl acid
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