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Preparation and Antirust Performance of a Nontoxic Water-based Rust Inhibitor
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ABSTRACT : Objective To develop a new nontoxic and efficient water-based rust inhibitor. Methods Phytic acid and polyaspartic
acid were used as the main components of rust inhibitor, in which sodium molybdate and sodium benzoate were added as promoter,
and the polymer film forming agents polyethylene glycol and polyvinyl alcohol were screened. The optimal formulation was deter-
mined via single factor experiment and orthogonal test, and the corrosion resistance was contrasted with nitrite rust inhibitor.
Results The longer copper sulfate spot time showed the better synergistic effect between phytic acid and polyaspartic acid. The pro-
moters and polymer film forming agents effectively enhanced the corrosion resistance of antirust film. The optimal formulation of rust
inhibitor was 60 ml/L of phytic acid, 25 ml/L of poly aspartic acid, 6 g/L of sodium molybdate, 22 g/L of sodium benzoate, 4 g/
L of polyethylene glycol, 5 g/L of polyvinyl alcohol; the average copper sulfate spot time was 75 s, the salt solution immersion re-
sistant time was 23 h, and the neutral salt spray test time was 28 h. Under the above conditions, excellent antirust performance was
achieved. Conclusion The new nontoxic and water-based rust inhibitor was worth promoting despite the little gap between the two
types of rust inhibitor in rust resistance.
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Fig. 1 The effect of phytic acid concentration on the antirust

property
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acid on the antirust property
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Fig. 4 The effect of sodium molybdate content on the antirust

property of composite rust inhibitor

60r

TR LRI TR]/s

451 -—

40 5 10 15 20 25
BRI - 1Y

P15 R R A R 52 TC BTy 5 WA DTy 5 1 RE ) i
Fig. 5 The effect of sodium benzoate content on the antirust prop-

erty of composite rust inhibitor

2.4 B TFRREFIEE

1o 3 IR P AR 975 575 B ) TR G, 81 97 455 741 2
[ B2 7 4 i 2 0, DA 88 1 B 5 70 A B A R
VSR 7 5775 790 8 FIRER 6 00 L 4% BBV T K IR Y
51 RS TCRESEAAIE, SRR O T R
CIGTE R IR TR 3R DN s T B 55 0 Ay £ i
NN ZE B, AR I SO0 A B 45 4 B 3 1 e 1Y
B, 32— 25 W R 1 fee A A, B 5 W 3
RN AR 50 mL/L, B KRR 25 mL/L, 1R
6 o/L, RHREN 18 ¢/L, HiRIFE 1,

OB 1, SR AN e B A M A, e B R 2
P FIER 20 T 52 O A A v 43 SRR R | — 3 2 s Xt B
SR A ERE R WL 6., & 6a AT, IIAS ~
7 o/L RO IR IAE . I 6b ATLIE Y, i
RO B O T Pl R BB R, KT S o/L
B, ik BB AR fb AN K, B &0 T 1) 5 i o 45 il 7
4~6¢/L,



- 118 - £ m H K 2014 4 06 H

F1 BHTFHREAXBHEEN 2N ®2 BERKFE
Tab.1 The effect of film-forming agents of high poly- Tab.2 Table of factors and levels
mers on the antirust property
" St/ (mL -L7") i/ (g-L7")
BRI AR/ (g - L) a0 ¥ MR BRE MR ETR R RO
¥, R ook BHEE AN o (A) &MR(B) (C) #i(D) ME(E) M(F)
—EE AR WEE G KU s 1 40 15 4 14 4 4
20 5] IBIE 64 2 50 20 6 18 6 5
20 1759 HLE 61 3 60 25 8 22 8 6
20 B, TR 3 EXHABRLR
20 550, W >4 Tab.3 Result of orthogonal test
20 4 B I 1 68
20 4 ¥5, TR 62 m AT CaSO, 7
2 A B C D E F =5 Enta)/s
65 1 1 1 1 1 1 1 1 42
2 1 2 2 2 2 2 2 54
< \\ 3001 33 3 3 3 3 49
= . 4 2 1 1 2 2 3 3 45
% 60} 5 2 2 2 3 3 11 59
= 6 2 3 3 1 1 2 2 64
g - 7 3 1 2 1 3 2 3 60
) o o 8 3 2 3 2 1 3 1 59
1 2 3 4 5 6 7 8 9 3 3 1 32 1 2 62
W W (g - L) 10 1 1 33 2 2 1 53
e 11 1 2 1 1 3 3 2 44
2 1 3 2 2 1 1 3 65
65 ¢ B3 2 1 2 3 1 32 62
; 4 2 2 3 1 2 1 3 46
% ol /;\__ 5 2 3 1 2 3 2 1 57
E 16 3 1 3 2 3 1 2 46
= ‘ 17 3 2 1 3 1 2 3 71
& 55t // 18 3 3 2 1 2 3 1 67
T4 WMESWER
501 > 3 4 5 6 7 3 Tab.4 Result of variance analysis
RS (g - L
b WA Wil A B C D
k,/s 51.167 51.333 53.500 53.833
6 o ap 1 U 5 e B 45 1 RE (9 2 ky/s 55.500 55.500 61.167 54.333
Fig. 6 The effect of film—forming agents of high polymers content ky/s 60. 833 60. 667 52.833 59.333
on the antirust property R/s 9. 666 9.334 8.334 5.500
WH E F el
2.5 EXIKE k /s 60.500  53.333  56.167
k,/s 54.500 59.833 55.333
TERLR R IR e 45 R iy Al L # Ly (37) 1E ky/s 52.500  54.333  56.000
AT IE RIS, 25 R KT B e 45 5 WL 2% R/s 8.000 6.500 0.834

2—4,

H T2 5 2R/ XS B A mm al R 5 i, 45 BEEERIBC )T o AR 60 mL/L, KA Z R 25 mL/L,
WA 50 A3,B3,C2,D3,E1,F2, & HIREN 6 o/L, K IREN 22 o/L, KL 24 o/L, KL
EWMEHR KRB/ MR N ASB>C>E>F>D, 4AHIE WIS o/L,



Fa3E 3

IV 6 — 4 K S5 ) B G - 119 -

2.6 BIEEFIMERERR T

WA 2.5 /N5 A TE D5 e 1 — 2 12 A B 77
X AR BE A EA T A B, 22 VR4 T A2, G 75 45 S 1)
LA YERE, IR A rp (0 IV A R kA B A R (8
A A ST L, SR AR 5, HER S WA, BRI
BE BT A B 5 A5 R A, (L5 0 TR & Y )7 45 7 A
L, i — e 2s i (HHOR & S0, X R A e
Beth AR S e HA — @ MR A,

x5 MBREAMRE

Tab.5 Comprehensive properties of the antirust film

CuSO, #  NaCl AWR PiEhsE

S Y ST ‘ :

- Wintl/s  JERHE/R /b

ve= 11 B o a% B o - 75 23 28
TWAHRRER A &0 AR 83 26 31
3 #ig

1) Ry T & 2 RET, eSS &R R
TE BIBCEY) , B3 T i 2 B BB itk i A 5
RRA RN N —FhICTE 1K b PH5R) 55 R HAT 55
U EERCR

2)) Ao TR A A0 R TR TR B AR S B, RT TS 4R
B B B A RS P P O 1Y )8 1 OB 3R &
TR LI T HE TPl S A R SR AT, T 7E & Js & i
TN — =S B A RRE RIB S R

3) Joa BB R B A AL 7 O < MR 60 mL/L,
RRAAM 25 mL/L, K P IREN 22 o/L, R "B 4
o/L AN 6 o/ L, R LIGEES o/ L, RIS A
FIE 5255 IVl 5 5 B B SR AH AT — RE i 228, (H BE Ty
JCT WA E MR O H | A —E RN AN E

S 3k

(1] skamp X 2257 AR R, 5. — R R R B K BE B 45 70 1
PERERFFELT]. MEHRY ,2012,45(10) :56—58.
ZHANG Ying-ping, LIU Lan-xuan, YANG Cheng-feng, et
al. Preparation of an Environmentally Acceptable Water-
borne Antirust Agent and Evaluation of Its Performance
[ J]. Materials Protection,2012,45(10) :56—58.

(2] WRPER, PRSI0 HE I, 5. B0 Bk B 85 70 iy Bk &% O
PERELJ]. MHEMAS,2011,44(6) :58—59.
CHEN Ze-min, LU Pin,SU Yan-li, et al. Preparation and Per-

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

formance Evaluation of Water-based Rust Inhibitor for Iron
and Steel[ J]. Materials Protection,2011,44(6) :58—59.
TR, XUEEIN, XRS5, — R T P MBS H
Hs - o B BE K PR LT ). RO, 2010,39(6)
101—103.
GUO Kan, LIU Hui-cong, WANG Pei-peng, et al. A Silane
Solution with Rare Earth Composition for Interprocess Rust-
proof of the Steel Parts[ J]. Surface Technology, 2010, 39
(6):101—103.
UL, WA — R RUK BB R BT[] B
AT H,2004(11) :62—64.
FAN Hong-bo,HU Yong-you. Research of a New Type Aque-
ous Rust Preventive[ J ]. New Technology & New Process,
2004 (11) :62—64.
R B PRI R KRB R R B WF SR ()] R
HiH A ,2006,35(5) :51—53.
LI Zhi-lin, HAN Li-xing, CHEN Ze-min. Study Advance
about Aqueous Rust Inhibitor [ J]. Surface Technology,
2006,35(5) :51—53.
SRR AERRAE 4 JB R AL #E e A R T[T ]. a4 5 31
£4,2003,23(2) :23—25.
ZHOU He-ping. Application of Phytic Acid in Surface Treat-
ment[ J ]. Electroplating & Pollution Control ,2003,23(2) :
23—-25.
XML, X1 2 ali | 28 R, A5 A TR 6 % ol ) R HC AL SR A
FELI]. B AR 41, 2005,26 (2 ) :334—336.
ZHAO Di-shun, LIU Hui-ru, XU Zhi-ce, et al. Plant Acid
Salt Inhibitor and Its Inhibiting Mechanism[ J ]. Chemical
Journal of Chinese Universities,2005,26(2) :334—336.
NOTOYA T, OTIENO-ALEGO V,SCHWEINSBERG D P.
Corrosion and Polarization Behavior of Copper in Domestic
Water in the Presence of Ca, Mg and Na-salts of Phytic
Acid[ J]. Corrosion Science,1995,37(1) :55—65.
BEBOT-BRIGAND A,DANGE C,FAUCONNIER N, et al.
31P NMR, Potentiometric and Spectrophotometric Studies of
Phytic Acid lonization and Complexation Properties Toward
Co™ ,Ni**, Cu®, Zn** and Cd** [ J]. Journal of Inorganic
Biochemistry,1999,75(1) ;71—78.
LIU J R,GUO Y N,HUANG W D. Study on the Corrosion
Resistance of Phytic Acid Conversion Coating for Magnesium
Alloys[ J ]. Surface and Coatings Technology,2006,201 (3/
4) :1536—1541.
LOUIS L,GARY J. Continuous Process for Polyaspatic Acid
Synthesis : US,5610264[ P ]. 1997-03-11.
BETHE AR, A RRAEAR ML SN E
BCIS B AN S b M RE B2 e [ ], AR AR B TR 7274k,
2001,27(6) :669—672.

(T#% 128 1)



- 128 -

Fom ot K

2014 4 06 H

[48]

[49]

[50]

Comparison on Tribological Mechanisms of Sulfide Layer
and FeS Powders in Lithium Grease[ J]. Tribology,2010,30
(3) :296—302.

T B, BB E o, 55 ST Ak
AL O,/FeS BRI 5 IR R B A IERE[ D). BE4E
F2441,2010,30(6) :561—566.

QIAO Yu-lin,HU Chun-hua,ZHAO Yu-qiang,et al. Ttribo-
logical Properties of Nano-Al,0,/FeS Solid Lubricant Com-
posite Coatings Under a Continuous Loading at Elevated
Temperature[ J ] . Tribology,2010,30(6) :561—566.

Sy /NG S TR R ARG AT Y[ D L B VIR R
2 .2010.

YI Xiao-yong. Experimental Study of Composite Solid Lubri-
cating Film[ D]. Zhenjiang : Jiangsu University ,2010.
WA AT, XUPAT, 4. 40K Al 0,-Fe,0,/FeS [F{A
M A2 V8 EE T LR ) ). bR AL B2 4, 2013,
34(6) :130—135.

PO NPV VYOS VUV OV ON

[51]

[52]

HU Chun-hua, YANG Chun-yan, LIU Qing-cun, et al.
Mechanism of Friction Reduction and Lubrication of Nano-
Al,0;-Fe;0,/FeS Solid Lubrication Duplex Layer [ J].
Transactions of Materials and Heat Treatment, 2013, 34
(6) :130—13s5.

XUPE. 5B T4 NiGOA/ MoS, 4 il 1 14 J2 JBE 2 2 4
PERYRTFEL D] B« VLVE BLTR 27,2009,

LIU Yang. Tribological Properties of Plasma Spraying Ni6OA/
MoS, Composite Lubrication Coating[ D ]. Ganzhou ; Jiangxi
University of Science and Technology,2009.
WRIR, B B, RIS 3R 45, 45 B F BEIR NiCr-Cr, C, JE &
BHMEBEIRZNES R EE R[] REHA,
2013,42(3) :52—55.

CHEN Dong, LUO Ming-bo, CHEN Xiao-qin, et al. Micro-
structure and Frictional Behaviour of Plasma-sprayed NiCr-
Cr,C, Based Self-lubricating Composite Coatings [ J ]. Sur-
face Technology,2013,42(3) :52—355.

AN AN A A N A N N e N N

(L% 114 W)

[12]

[13]

[14]

MrifEsl, T #%. PLC 7538 B A 7 iR IR L2 P i i T
[J]. FmHEA, 2008,37(4) : 73—75.

CHEN Hai-chao, YU Miao. Application of PLC in Dacromet
Smearing Process Line [ J |. Surface Technology, 2008, 37
(4).73—75.

SRR, AR A S B R B R ST R[] AR AL
7K ,2000,29(3) :20—22.

ZHANG Jun-min, LI Ying-pei. Dacromet Technology and
the Development Prospect[ J]. Surface Technology,2000,29
(3):20—22.

TRREL, K, SCEAS, L AR S EARMBR S &R
()], A 2004 ,33(6) :11—12.

ZHANG Jun-min,ZHANG Hong, WEN Zi-wei, et al. Status

[15]

[16]

and Development Direction of Dacromet Technology [ J].
Surface Technology,2004,33(6) :11—12.
INELTE TR, B /NT-. K R BRI U 2 2 I A8 I BT 5
[J]. Rl A ,2002,31(5) :12—15.

SU Hong-jun, ZHAO Qi, CHEN Xiao-ping. Research on
Composition and Structure of Zn-Cr Coating [ J ]. Surface
Technology ,2002,31(5) ;12—15.

Bl BE S, B3 R AR SRR E
RETZEWE[)]. 2 &H B T ,2012,9(2) :81—84.
MU Shan, LI Jun-nian, WANG Ling, et al. Corrosion Protec-
tion Coating Technologies of Metal in Marine Atmosphere
[J]. Equipment Environmental Engineering,2012,9 (2):
81—284.

(L% 119 ®)

[13]

[14]

HUO Yu-ning,CAI Zhang-li,ZHAO Yan. Effect of the Corro-
sion Inhibition Behavior of Polyaspartic Acid and Its Mixture
of Zinc Ton on Carbon Steel[ J]. Journal of East China Uni-
versity of Science and Technology,2001,27(6) :669—672.
PMISHR AL, I 75 2 Fh 22 i) B9 L C XS 10 5 Bk
TERRTER R g G A IOT ST [0 ] A il S5 46 T
2010,41(2) :69—72.

SUN Peng-cheng, REN Xiao-guang, JING Lei. Corrosion In-
hibition Performance of Various Corrosion Inhibitor Com-
pounds to 10 Carbon Steel in Acidic System[ J]. Petroleum
Processing and Petrochemicals,2010,41(2) :69—72.
RVEER BV s LR BRI R ST SR [ D). RS A0S
L kS 4 2006,14(9) 1 13—15.

[15]

[16]

GAO Hui-qing, HE Tao. Research Progress on Green Corro-
sion and Scale Inhibitors [ J]. Fine and Specialty Chemi-
cals,2006,14(9) :13—15.

FRKE R, 55 Bk A 5 b AR R AR G ) B4 T
[J]. B SR ,2002,24(6) :22—26.

WANG Qiu-jing, TANG Yao-sheng. Development of Molyb-
date System Corrosion Inhibitor in Weak Alkaline Medium
[J]. Plating & Finishing,2002,24(6) :22—26.

ALY S JRKIET SR B w5 R [ D] PR AE b
K ,2011.

HAN Li-xing. Preparation and Application of Metal Aqueous
Antirusting Agent System [ D ]. Baoding: Hebei University,
2011.



