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Abstract : The painted steel sample whose coating contai ned anticorrosive pigment has been in-
vegtigated by Raman gectroscopy. The protective mechanism of auminum triphogphate pigment
for A3 sed isproposed asfollows: Aluminum triphoghate can be disolved and arrive at the sur-
face of the steel. The dislved triphogphate ions can complex with ferric ions. And the new prod-
ucts,namely ferric triphoghate ,can strongly adhere at the surface of the stee by chemicad bonds
dowly. At last ,a compact protective film ,which effectively separates the stedl substrate from the
aggressve media isformed at the sted surface.
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1 Introduction

In 1995 ,the cost on corroson of meta in the United States has reached $ 300 hillion or ©
per year. In order to reduce the lossof corroson ,many protection methods have been used. Organ-
ic coating is one of the most effective,economicd and popular methods as yet. The various pig
mentsin anticorrodve coatings protect the metal substrates by different mechanisms ,either by cre-
ation of akaline environments,by pasdvation of the active centersoriginating from geometrical or
structura defects,by decread ng the oxygen permeation from the environment or the metal ion dif-
fudon through the coating ,or by buffering the formation of hydrogen ions,or by sacrificial meta
powdersin the ooating[”. A small amount of inbhibitors can obvioudy retard corrodon, in-
hibitors have been consdered more and more important. Although some traditiona anticorrosve
pigments,such as lead-and chrome- based pigments ,have good inhibitive performances,but they
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have high toxicity too. They are strictly limited ,or prohibited to use in many countries and re-
gions. Thus the gpplication and research of new anticorrosve pigments are bound to focus on the
highly efective ,multifunctiona and environmentally friendly pigments. Aluminum triphosphate is
an anticorrodve pigment with good inhibitive performance when it is mixed in the epoxy-
polyamide resn on A3 steel coupon!®! ,however ,its mechanism is not clear yet.

There have been lotsof studies that have tried to determine the nature of corroson gecies,
egecialy on copper and iron,in the presence of active inhibitors in solutions by Raman ec

[3 111 Raman gectroscopy has been used to investigate corroson under paint ,but with-

troscopy
out anticorrosive pigment was in the coating!*> **!. Therefore ,we report here usng Raman gpec-
trafor studiesof the corrodon ecies at the artificia defect in the coating ,in the presence of anti-

corrodve pigment. It is helpful to better understand the mechanismsof anticorrodve pigments.
2 Experimental

2.1 Preparation of two ferric compounds

To syntheszeferric phosphate“5] ,0.02 mol ferric chloride(Feds) ,0.02 mol sodium hydro-
gen phogphate (Na HPO,) ,and 0. 025 mol sodium acetate (CH3z COONa) were disolved in 100
mL digtilled water regectively ,mingled filtered ,drie.

To synthesze ferric triphophate, 0. 05 mol FeCl; and 0. 03 mol sdium triphogphate
(NasP3010) were disolved in 100 mL distilled water regpectively ,mingled filtered ,dried.

2.2 Materials

To prepare the coated coupon ,the surface of the A3 sted coupon (200 x 100 mm) was abraded
with 60# ,80# sand cloth in successon ,cleaned ,degreased with ethanol ,covered by the epoxy-
polyamide resn containing aluminum triphogphate pigment ,air dried in ambient temperature for
one week ,placed a plagtic tube (inner diameter = 90 mm)on the coated coupon with 704 binder ,
air dried. The solution was made of digtilled water and sodium chloride(NaCl ,AR) ,and the con-
centration was 3. 5 %(wt %) .

2.3 Micro Raman spectr oscopy

—Raman gectra were obtained by LabRam | confoca microscopic Raman spectrometer
(Dilor) with a He-Ne laser (632.8mm) in the pore covered with 1 mm solution at ambient tem-
perature and air-open sysem. ( The Raman spectra of ferric phogphate and ferric thiphogphate
were obtained from their powder samples directly.)

3 Resultsand Discussion

3.1 Twoferric compounds

Fig.1 and Fig. 2 show micro- Raman ectraof synthetic ferric phogphate and ferric triphos
phate ,repectively. In figure 1 ,the characteristic peak is at 1 010 cm™*. Additiona features are
observed at 270,541 ,1 444 cm™ * ,and a shoul der peak of 439 and 478 cm™ *. Infigure 2 ,the char-
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acteristic peak is 1 107 cm™ . Additional features are observed at 412 ,704 ,928 and 994 cm’ *.
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Fig. 1  Micrc- Raman ectrum of ferric phogphate Fg.2 Micro- Raman gectrum of ferric triphogphate
(FePO,) (FeTP)

3.2 Characterization of painted blank A3 steel coupon

Table 1 summarizes the Raman shifts and corroson geciesfor painted blank A3 steel coupon

Tab.1 Nomind Raman frequencies (cm™ ) of corroson gecies observed with exposure time (day) for painted
blank painted sted coupon immersed in 3.5 % Nad slution. The underlinedpeaks exhibit strongintengties

1 day 2 days 6 days
) Inner of  Outer of Assignment
inner outer black ydlow black
ydlow yellow
220 o- Fe03
257 252 256 256 251 Y - FeOOH
295 Fe;04
282 296 a-Fe03
314 314 311 311 Feds(s *
351 345 347 Y - Fe:0s
377 377 377 Y -Fe03
382 0-FeOOH +Y - Fe; 03
527 529 Y - FeOOH
528 538 534 Fe;04
652 655 Y - FeOOH
658 668 668 664 670 Fe30,
1304 1293" 1302 Y - FEOOH
V-FeOOH +Fes0s Fes04 Fes0s V-FeOOH+Fes0s  FesOq4 Y- FeOOH Fes04 Corroson
H-Fe05 H-FOQH  41-F&0s H-Fe0;  H-Fe0s Species
+1- FeOOH #-Fe03  #-Fee03 +Feds(9  +-FeOOH
+ Feds (9 + Feds (9 0 Fe0;  +Fels(9

* brrepresents broad wave. * Without illustrated particularly ,the location measured was the inner point.



1 : - 35 -

that was exposed in 3.5 % NaCl lution with immerdon time. At different points,the corroson
ecies are different. Namely ,the gecia distribution of corroson ecies is inhomogeneous. The
corrodon peciesfor painted blank A3 steel coupon are iron oxides and iron oxyhydroxides.

Immerdon 1 day ,the corrodon ecies at inner point are mainlyy - FeEOOH ,Fe;0, Y - Fe;O3,
0-FeOOH ,and scare FeClz in solution. Althougha - Fe;O3 exhibites mode in the 1 300 to 1 310
cm” * range ,no peak isobserved at the frequency that its most intense mode(290 cm™ ) is expect-
ed. It indicates that this peciesis not present in detectable concentration. The corroson gecies at
outer point is mainly Fe;sO4. Figure 3 shows their Raman gectra. Immerson 2 days,yellow and
black gots can be observed by naked eyes. Only Fe;O4 can be detected at the black. However ,
Y - FeEOOH ,Fe;04 andy - Fe,O3 at the inner of the yelow Y - FEBOOH , FesO4 0 - Fe,O3 and scare
Y - Fe;0;3 and FeCl; in slution at the outer of the yelow ,can be detected. Immerdon 6 days,
Y - FeEOOH Q- Fe;,O3 Y - Fe;O3 and scare FeCl3 in lution at the inner of the yellow ,Fe;0,4Y - Fe;03
and scarey - FeEOOH Q- Fe;O3 ,FeCl; in olution at the inner of the black ,can be detected. Figure 4
shows the micro- Raman ectraof corrosdon geciesfor painted blank A3 steel couponimmersedin
3.5 % Nad olution for 6 days at inner of yellow point (a) ,and at inner of black point (b) .

457
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Fg.3 Micro-Raman gectra of corroson ecies for Fg. 4 Micro- Raman fectra of corroson fecies for

painted blank A3 sted couwon immersed in painted blank A3 sted couon immersed in
3.5 % Nad <lution for 1 day at inner point 3.5 % Nad olution for 6 days at inner in yd-
(a) ,and at outer point (b) low point (a) and at inner in black point (b)

Because of the artificia defect ,” large cathode little anode” isformed ,the defective area be
comes the anode relative to the other. When the blank painted A3 stedl coupon isimmersed in
3.5 % sndium chloride lution ,the corroson occurs at the surface of the defect. Furthermore ,at
the surface of the defect ,geometrica and physca structures are different. Different points have
different activities. Their corroson rates are different too. The points whose corroson rates are
quicker grow quicker because the volume of iron corroson eciesislarger than that of the metal.
The corroson geciesimmersed can be oxidized with time ,and the stable gecies can beformed. S
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the peciad digtribution of corroson ecies is inhomogeneous,and the corroson Pecies for the
painted blank A3 steel coupon are iron oxides and iron oxyhydroxides.
3.3 Characterization of the painted A3 stee coupon whose coating contained al u-
minum triphosphate pigment

Table 2 shows the Raman shifts and corroson gecies for the painted A3 steel coupon ,ex-
posed in 3.5 % NaCl solution ,whose coating contained aluminum triphogphate pigment ,with imr
merson time. Figure 5 shows the micro- Raman gectra of corroson gecies for the sample im-
mersed in 3.5 % NaCl slution for one day(a) ,and for two days(b) at inner points.

Tab.2 Nomina Raman frequencies (cm™ ') of corroson geciesobserved with exposure time (day) for the painted
sted coupon whose coating contained duminum triphogphat pigment immersed in 3. 5% NaC lutions.
The underlined peaks exhibit strong intensties

1 day 2 days 19 days 21 days assgnment
225 a-Fe,03
251 245 247 Y - FeEOOH
272 FePO,
288 a-Fe0s +Y - F&03
376 377 Y -Fe,0s
376 Y - Fe; O3 +Y - FeOOH
408 a-Fe03
499 0-Fe,0;3 + Fed,
534 Y - FeEOOH
611 a-Fe,03
642 Y-F&0s
658 Y-FeOs + Fe;0,
710 715" FeTP”
840 PO,%
990-1100 1090™ 1077 FeTP’
1309 Y - FeEOOH
1314 O-Fe;03
1342" Fe(OH)s
Y-Fe0;5 + - FEOOH Y- FeOOH V-Fe05 #0-F&03+  Y-FeOOH +Y - Fe&05 Corrosion ecies
+ FePO4 H-Fe0s + TP FesO4 + FeQ, + FeTP +FeTP

*P represents broad wave. * FeTP representsferric triphophate.
* Without illustrated particularly ,the location measured was the darker point.

Immersion 1 day ,the mode at 272 cm”™ *is exhibited ;athough the mode at 1 010 cm™ * can-
not be distinguished obvioudy ,it can be regarded to be covered by the very broad wave in the 900
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to 2 700 cm” ! range. Moreover ,the oxides and hydroxidesof iron have not characteristic peaks at
270 cm” *or ©. S the mode at 272 cm™ * can be regarded as the mode of ferric phogphate. Immer-
son 2 days,an intense peak at 710 cm™ ' ,a broad wave in the 990 to 1 100cm” * range ,and no
peak at 270 cm’ * are exhibited. S they can be regarded as the modes of ferric triphosphate. Im-
merson 19 days ,the centric wave number that the ferric triphosphat is at 1 107 cm™* moves to
the lower frequency ,1 090 cm™ . Immerson 21 days,it moves to 1 077cm” *continuoudy. (See
figure 6)
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Fig.5 Micro- Raman fectra of corroson ecies for
the painted A3 sted couwpon whose ooating
contained duminum triphogphate pigment im-
mersed in 3. 5% Nad <lution for one day

(a) ,and for two days(b) at inner points

Raman shift'cm®'

Fig.6 Micro- Raman ectra of corroson Pecies for
the painted A3 sted coyoon whose ooating
contained a uminum triphoghate pigment im-
mersed in 3.5 % NaCl solution for 19 days(b)
and 21 days (c) ,ocontrary to ferric triphos

phate powder (a)

The corroson ecies for the painted A3 steel coupon whose coating contained auminum
triphogohate pigment are iron oxides and oxyhydroxides ,bes desferric phogphate at first and ferric
triphogphate which strongly adheres at the surface of the iron by chemica bonds.

Aluminum triphogphate can disolve and reach the surface of the stedl. The triphosphate ions
can be hydrolyzed ,2 the phogphate ions are formed. The latter can react with iron corroson prod-
ucts,e.g. ,Fe?* and Fe®" , the ferric phogphate can be detected by Raman spectroscopy initial-
ly. With the increase of triphogphate ions and iron corroson products at the surface ,the triphos
phate ions cannot be hydrolyzed in time ,and they can complex with the latter. Furthermore ,the
produt ferric triphoghate can strongly adhere at the surface of theiron by chemica bonds dowly.
S the centric wave number of ferric triphogphate moves to the lower frequenies. At last ,a conr
pact protective film ,which effectively separates the steel substrate from the aggresive media,is
formed at the stedl surface.

4 Conclusions
(@) The corroson geciesfor the painted metd ,such as A3 stedl ,whose coating contained an-
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ticorrosve pigment ,can be obtained ,and much information for mechanism of anticorrosve pig-
ment can be provided by Raman gpectroscopy study.

(b) The secid digtribution of corrodon eciesisinhomogeneous.

(c) The corroson speciesfor painted blank A3 stedl coupon are iron oxides and iron oxyhy-
droxides. The corrodon ecies for painted A3 sted coupon whose coating contained auminum
triphogohate pigment are iron oxides and oxyhydroxides ,bes desferric phogphate at first and ferric
triphogohate.

(d) The protective mechanisms of duminum triphogphate pigment for A3 sted are as fol-
lows. aluminum triphogphate can disolve and arrive at the surface of the stedl. The dislved
triphogohate ions can complex with ferric ions. And the new products,namely ferric triphogphate,,
can strongly adhere at the surface of the iron by chemicad bonds dowly. At last ,a compact protec-
tive film ,which effectively separates the steel substrate from the aggressve media ,isformed at the
sted surface.

References:

[1] Th Shoulividis,et a. Corrdation between protection of sted from corroson and the conductivity of n-semicon-
ductor pigments[J]. Corroson ,1998 ,54(5) :386.

[2] Yonggui Lieo,et d. Hectrochemica inpedance gpectroscopy studies on inhibitve performance of auminum
triphophate pigment[J]. Beectrochemistry ,2001,7(1) :126.

[3] Bunding K A ,et d. Surface-enhanced raman scattering by pyridine on a copper eectrode[J].J. Hextroand.
Chem. ,1985. 184 :405.

[4] Thierry D ,et d. Smultaneous raman gectrosoopy and eectrochemica studiesof corroson inhibiting molecules
on copper[J].J. Hectrochem. Soc. ,1985,132(5) :1 009.

[6] DaCosta SL F A et a. Inhibiting action of benzotriazole on copper corroson in deaerated sulfuric acid corr
taining ferric ions by the rotating disc eectrode fluorescence ,and raman gectroscopies[J]. Corroson ,1987 ,43
(3) :149.

[6] YoudaR .eta.A SERSsudy oninhibition mechanismsof benzotriazole and its derivativesfor cqper corroson
in sulphate olutions[J]. Corrodon Science ,1988 ,28(1) :87.

[7] Aramaki K,et d.A SERS study on adsorption of some organic compounds on iron[J].J. Bectrochem. Soc. ,
1989 ,136(5) :1 299.

[8] Youda R ,et d.SERS and inpedance study of the equilibrium between conplex formation and admtion of
benzotriazole and 4- hydroxybenzotriazole on a copper eectrode in sulphate lutions[J]. Hectrochim. Acta,
1990,35(6) :1 011.

[9] Aramaki K,et d. In dtu raman gectraof pyridinium chloride adorbed onironin K SO, and H, SO, solutions
[J].J. Hectrochem. Soc. ,1992,139(6) :1 525.

[10] Oblonsky L J,et d. Admtion of octadecyl dimethylbenzylammonium chlorede to two carbon sted mi-

crogtructures as observed with surface-enhanced raman pectrosoopy[J]. Corroson ,1995 ,51(12) :891.
[11] Aramaki K,et a. Surface enhanced raman scattering ectrosoopy studies on the inhibition mechanisms of



[12]

[13]

[14]

[15]

propargyl alcohol for iron corrodon in hydrochloric acid[J]. Corroson ,1996 ,52(2) :83.
Thierry D ,et d. In stu determination of corroson peciesformed on painted gavanized sted by raman spec-
trosoopy[J].J. Bectrochem. Soc. ,1991 ,138(3) :879.
Bernard M C et d. Underpaint corroson of zinc coated stedl sheet studied by in stu raman ectrosoopy[J].
Corrogon Science ;1993 ,35(5 8) :1 339.
Bernard M C et d. In stu Raman study of the corroson ci zinc-coatzd sted in thepresence of chloride[J].J.
Hectrochem. Soc. ,1995 ,142(7) :2 167.
Shou-chun Chen. Some Important Inorganic Reactions] M ] . Shangiai : Shanghai press of science and technol-
ogy. 1963 :380.

( , 361012)

A3 . )



