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ABSTRACT

Effect of dispersing auxiliaries, namely polyvinyfplidone (PVP), Lauryl dodecyl sulfate
sodium (SDS), nonionic surfactant op-10 (Op-10)2-@4 alcohol ethoxylate AE7 (AE7) and
polyethylenimine (epomin) on the nanosilica disjmersnto passive Cr(lll) solution, pH = 1.5,
were investigated by FT-IR, zeta potential, pagtmize distribution and natural salt spray
testing. The obtained results indicated that passiv(lll)-nanosilica solution after 7-day
fabrication was uniform, having no agglomerationsfng SDS, PVP and AE7 agent. AE7 saw
the best dispersion aid ability for dispersing raliza into passive Cr(lll) solution in those
dispersing auxiliaries studied. Conversion coafiaricated from passive Cr(lll)-nanosilica-
AE7 solution had a highest level of anticorrosiamradbility. White rust appeared on X-Cut
position of sample fabricated from former solutifter 9-day natural salt spray testing, which
was the longest in all of samples. However, avepagtcle size of nanosilica in passive Cr(lll)-
nanosilica-AE7 solution was approximately 60 nm,ichhwas quintuple initial average
nanosilica size. Hence, AE7 could help nanosilispetsion into passive Cr(lll) solution but
effect of AE7 was not strong enough to disperseosiina well into solution as well as
maintaining the stability for new system.

Keywords:Chrome trivalent, nanosilica, dispersing auxigariconversion coating, zinc plating.

1. INTRODUCTION

Zinc plating is widely used to against corrosion $teel due to the low cost and simple
technology [1 - 4]. However, zinc coating’s rateamirrosion might be very large in a humid
environment since zinc is a chemically high reactimetal. Therefore, a post-treatment is
necessary to increase the lifetime of zinc coatimgsdustrial practice, one of the most popular
methods was to use passive Cr(VI) solution to ereathin conversion coating on the surface of
zinc plating with self-healing ability. However,etttompound Cr(VI) has been convinced as a
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hazardous substance that may cause cancer. Thefusempounds Cr(VI) is increasingly
forbidden by European countries and others ovemitrdd [5, 6]. Hence, many other treatment
methods have been presented with requirementsptacee Cr(VI) based conversion coatings
with safer treatments [6], in which Cr(lll) convens coating is introduced and become popular
in industrial practice.

In Vietnam, some research organizations such asoiHamiversity of Science and
Technology, the VNU University of Science and Ingeé for Tropical Technology etc. have
been studying and fabricating successfully passtmélll) solutions. Nevertheless, the
combination of nanosilica with trivalent chromiunenwversion coating is a novel research
direction, where there are very few reports pulkelisin the world, with purpose to fabricate a
conversion coating with high anticorrosion durdbiland self-healing ability. However, it is
hard to disperse nanosilica in low pH solution N&nosilica powders easily agglomerate in low
pH solution. Hence, the requirement of passivellDrr{anosilica solution is stability as reduce
the agglomeration of nanosilica. In this paperedffof some dispersion aids on the nanosilica
powder dispersion in passive Cr(lll) solution hag investigate by zeta potential, particle-size
distribution, FT-IR with a desire to determine able dispersion aid for dispersing nanosilica
into Cr(lll) solution.

2. MATERIALS AND METHODS
2.1. Materials

The chemical materials are used which include: Na®NO; (both used pure grade
(China)), iridescent passive Cr(lll) complex sadatiicontaining: CY in type Cp(SQy)s.6H,0 at
5g/L, complexion agent at 16 g/L and pH at 1.5 amad fabricated at Institute for Tropical
Technology). Zinc electroplating was fabricatedaading to the ENTHONE process [5]. The
components of zinc plating solution are Zpn@0 g/L); NH,CI (250 g/L); additive AZA (30
ml/L) and AZB (1.5 ml/L). Nanosilica Aerosil (Belgin) has a specific surface area of 2Ggm
and average diameter of 12 nm. Some of disperdixgiaxies: polyvinylpyrrolidone (PVP)
(France), Lauryl dodecyl sulfate sodium (SDS), para surfactant op-10 (Op-10), C12-14
alcohol ethoxylate AE7 (AE7) and polyethylenimim@@min) (China).

2.2. Preparation of passive trivalent chromium withnanosilica solution.

Preparation of passive trivalent chromium solutontaining nanosilica:

+ A: 1 g of nanosilica was dispersed in 100 mLilligst water by ultrasonic machine TPC-
15 (Swiss) with frequency of 20 kHz and power ofV8Gn 10 minutes.

+ B: 100 mL Cr(lll) solution was diluted by 700 mdistilled water and then 0.1 g
surfactant was added which was followed by vibgatvith ultrasound machine TPC-15 for 5
minutes.

Finally, A and B were mixed and deionized water \@dded to the 1L of solution. After
that, the solution was vibrated again in 10 min.gfldolution was adjusted to 1.5 - 1.8 by 10 %
of NaOH and 10 % of HNgsolution.

Table 1 illustrated notation of passive Cr (lll)ligmon and nanosilica with different
dispersing auxiliaries.
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All of passive Cr(lll)-nanosilica solution with vaus surfactants were fabricated and then
stabilised in 24 h, which was followed by ultrasddreatment in 10 min before further analysis.

Table 1 The notation of passive Cr(lIl) solution and nsitioa with various agents.

Passive solution Notation
Passive Cr(lll)-nanosilica solution, dispersing @geDS Cr(111)-SiQ-SDS
Passive Cr(lll)-nanosilica solution, dispersing rgeVvP Cr(111)-SiGQ-PVP
Passive Cr(lll)-nanosilica solution, dispersing ragkE7 Cr(111)-SiO-AE7
Passive Cr(lll)-nanosilica solution, dispersing ragep-10 Cr(111)-SiQ-Op10
Passive Cr(lll)-nanosilica solution, dispersing rdggpomin Cr(1l)-SiQ-Ep

2.3. Zinc electroplating preparation

Steel low carbon plates (100x50x 1.2 mm) were deg@ by immersion in UDYPREP-
110EC (Enthone) with 60 g/L of concentration at-580°C of temperature for 5 - 10 min. After
that the samples were immersed in solution comtgifiCI (10 %), urotropin (3.5 g/L) at
ambient temperature for 2 - 5 min.

The steels were industrially electrogalvanized latipg bath with solution of Enthone
Company. The conditions were followed: cathodicrent density of 2 A/df) the zinc anode
with a purity of 99.995 %,; rate of square anodécdé of 2/1 and at ambient temperature for
30 min with the swinging cathode operation. Subeatly, the samples were rinsed by
deionized water. Zinc coating had thickness of 13 pim.

Immediately after the electrogalvanizing step, shmple surface was activated in a 0.5 %
HNO; solution (pH 1) for 3 - 5 sSubsequently, the surface was passivated by thenioh
treatments green-colored ¥(with and without nanosilica)-based conversion ttremt. The
parameters used were pH 1.5, in 60 s in indusimahersion bath with mechanical stirring.
Finally, the samples were rinsed in deionized watet dried in an oven at 80 °C for 30 min. All
samples were stored in desiccators at ambient tetype in 48 h for stabilized samples.

2.4. Analysis

+ Stability and flocculation of nanosilica in sobnt was assessed by general appearance
immediately and after 7-days fabrication.

+ Functional group of passive solution compounds determined by means of an FT-IR
spectrophotometer (Perkin Elmer GX) with 4000 - 40@" of range wave number and
resolution at 4 ch

+ The particle-size distribution of nanosilica in {messive Cr (lll) solution measured using
laser scattering particle-size distribution anatyze\ 950V2, Horiba) produced a wide range of
0.01pm to 3000um and resolution < 0.01 pm.

+ Zeta potential was determined by using the Dappédocity technique on Zetasizer-
Nano ZS equipment (Malvern — UK) that had a meagurange 0f200 + +200 mV.

+ The neutral salt spray was tested on X-cut pmstion sample surface fabricated form
various passive Cr(lll)-nanosilica solutions acoogdto standard JIS 8502:1999 by means Q-
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FOG CCT 600 (USA) at Institute for Tropical Techogy, VAST.
3. RESULTS AND DISCUSSION
3.1. General appearance assessment

Although general appearance assessment is singhirigeie with non-equipment, obtained
results is important in orienting further studiesd&hus saving time and money for research.
Initially, all of passive solution with differentgants were assessed appearance immediately
fabricated and after 7 days with purpose to selgcsuitable agent with nanosilica dispersion
into low pH solution. The results indicated thatast solutions were uniform and stabilized
after 7-day fabrication except Cr(lll)-Si@p10 and Cr(ll)-Si@Ep which had nanosilica
agglomeration after 7-day fabrication. Thereforesgive Cr(lll)-SiQ solution containing
dispering agents, namely SDS, PVP and AE7 have $&lented for further studies.

3.2. Zeta potential and particle-size distribution
3.2.1. Zeta potential

The stability of solution is an important criterifor dispersed nanomaterials into solution
in general and dispersed nanosilica into solutiorparticular, especially in cases dispersing
nanomaterial in unstable conditions, such as dipgmnanosilica into low pH solution, and thus
testing stability of solution to find out suitabiabricating condition and stability enhancer is
indispensable. Zeta potential can be used to deterthe stability of dispersed nano solution.
Zeta potential values of passive Cr(lll)-Si€blutions were presented on Table 2.

Table 2.Zeta potential of passive dispersed nanosilicatisls.

Passive solution Cr(ll)-SiO,-SDS Cr(Il)-SiO,-PVP Cr(111)-SiO,-AE7

Zeta potential (mV) -4,5 -4,9 -6,1

As can be seen from Table 2, algebraic values td Betentials were not high. It means
that colloid solutions were poor stability and diatglity due to characteristic nanosilica, which
is easily agglomerated in low pH solution. Accoglito previous studies, Zeta potentials’
algebraic values of nanosilica colloid solution@t pH was usually small, for example, Zeta
potential value was approximately zero at pH = LpA = 3, nanosilica in colloid solution
absence of dispersing auxiliaries started flocauha{7]. The obtained results showed that,
dispersing agents enhanced Zeta potential leadipggsive solutions containing nanosilica was
stabilized in a higher level, after 7-day fabrichtsolutions were still uniform and of non-
agglomeration.

As from Table 2, Cr(lll)-SIQ-AE7 solution experienced the highest zeta poteakigebraic
value than Cr(lll)-Si@PVP and Cr(lll)-Si@-SDS solution. Hence, the Cr(lll)-S}AE7
solution was, to some extent, the most stable mpasison with Cr(11)-Si@-PVP and Cr(lll)-
SiO,-SDS solution.
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3.2.2. Particle-size distribution

Particle size can affect to not only the stabilifysolution but also conversion coating
containing nanosilica. For example, nanosilica @ffeinsignificantly to microstructure and
morphology of conversion coating surface if thegiZ nanosilica is small enough [9]. However,
nanosilica particle-size depends not only on ihisize of nanosilica but also on dispersing
condition, and surface of nanosilica status. Theeefusing the dispersing auxiliaries or
modifying surface of nanosilica can lead to redgaiiemeter of nanosilica as well as reducing
of agglomeration. The obtained results of partsife distributions are displayed on Figure 1.

16
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....... Cr(III)-Si0:-AE7
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Figure 1.Particle-size distribution of nanosilica in passigdution containing dispersing auxiliaries.

As can be seen from Figure 1, the average pasizke of nanosilica in passive solution
using different dispersing agents could be arrarfgtdw: AE7 (59.51 nm) < PVP (70.9 nm)
< SDS (79.07 nm). Particle size of nanosilica isgd&e solution was much higher than that of
initial nanosilica (approximately 12 nm of averagjee). It can be explained that, nanosilica
easily agglomerated at low pH, nanosilica stargglaneration at pH = 3 [7]. Because proton
H* from environment easily attached to oxygen of sdiva to create Si-OH and then the
hydrogen bond established [4, 8]. Thus, nanosdgaglomerated to create a huge particle when
nanosilica was dispersed into solution at pH =I\6th presence of dispersing auxiliaries,
dispersing agents could covered around nanositiceyenting interraction of nanosilica and
proton from environment leading to slow transitisom SiO to Si-OH as well as reducing
process of flocculation of silica in an acid enwingent. Hence, nanosilicas were, up to a point,
better dispersed into passive solution at pH =uith dispersing agent in comparison with
solution absence dispersing auxiliaries [7]. Howewaverage particle size of nanosilica in
passive solution using dispersing agents was lageromparison with initialy diameter of
nanosilica and thus it was not exaggerating tothay effect of dispersing auxiliaries in this
study were, more or less, not enough to dispersampsilica as well as stabilizing new system.

From obtained results of Zeta potential and pastte distribution, dispersing auxiliaries
of dispersion aids of nanosilica into passive Qr@blution can be arranged as follows: SDS<
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PVP < AEY. Thus, passive Cr(lll)-nanosilica solatiasing AE7 agent was predicted to create
conversion coating with the highest protectionigbil

3.3. IR analysis

IR spectroscopy was used to determine functionaugg and chemical links which
indicated relationship between nanosilica and camgs in passive Cr(lll)-nanosilica solution
with dispersing auxiliaries. IR spectra of passr@ll)-nanosilica solution with different agents
were illustrated on Figure 2.

As can be seen from Figure 2a, absorbance at 33300 cnt with strong intensity is
corresponding characteristic —OH of silanol (SiGidy water linked with nanosilica surface by
hydrogen bond. Besides, absorbance of OH groupsiiswn at 3440 cthand 1645 cif, is
corresponding of characteristic -OH group in w§sgr
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Figure 2 IR spectrum of passive Cr(lll)-Sj@olution with different dispersing agents produced
wavenumber range of 4000 — 400t(a); 1400 — 800 cth(b) and 800 — 400 ci(c).

Figure 2b shows that absorbance peak of 8i®assive solution with different dispersing
agents were various wavenumber at 1078,ct094 crit, 1099 crif, 1103 crit. Absorbance at
1093 cn va 770 crit were corresponded to fluctuating asymmetry of@S8i and fluctuating
symmetry of Si-OH, respectively. Moerover, absodsarat 953 cr, corresponding to
characteristic Cr(Vl) was not appeared while absoce at range 610 - 600 ¢nwas
corresponded with €¥ [3]. This results were compatible with photometegults of passive

Cr(lll)-nanosilica.
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3.4. Natural salt spray testing

Natural salt spray testing is one of acceleratetinethods, which are the most popular and
widest methods, using to evaluation anticorrosiaradility of coating on metal. In this work,
natural salt spray testing was used with a desi@inpare the anticorrosion of samples which
were fabricated from passive Cr(lll)-nanosilicauimin using various dispersing agents.

Time of white rust appearance on X-cut positionsaples were determinéal natural
salt spray testing. Time of white rust appearanceXecut positions of samples which were
fabricated from various passive solution were preston Table 3.

Table 3 Time of white rust appearance on on X-cut posgiof samples which were fabricated from
passive Cr(Il)-SiQ@ solution using different dispersing agents.

Sample fabricated from 2?p22:¥226(5;§3
Passive Cr(lll) solution 1
Passive Cr(ll)-Si@SDS solution 8
Passive Cr(lll)-Si@PVP solution 8
Passive Cr(lll)-SiO,-AE7 solution 9
Passive Cr(ll)-Si@Op10 solution 6
Passive Cr(lll)-Si@Ep solution 6

Nanosilica can affect insignificantly to microsttuie and morphology of conversion
coating surface if the its size is small enough Fjwever, anticorrosion of conversion coating
based on Cr(lll)-nanosilica on zinc plating sigeddintly improved. White rust appeared earlies, 1
day, on X-cut position on sample based on Cr(lbinersion coaitng while X-cut positions on
other sample only appeared white rust after 6 ddster. It can be explained that with presence
of nanosilica, the anticorrosion durability of cension coating substantially enhanced due to
self-healing of nanosilica. These results were atibfe with previous results. Passive Cr(lll)-
nanosilica solution using AE7 agent, up to a pdaibricated conversion coating which was at
highest level of anticorrosion ability.

4. CONCLUSION

Influence of various dispersing auxiliaries on ttamosilica dispersion into passive Cr(lll)
solution were investigated. AE7 shown the bestetsipg aid ability in the comparion with
dispersing auxiliaries stuty. However, averageiglartsize of nanosilica in Cr(lll)-nanosilica-
AE7 was approximately 60 nm, which was quintupldahaverage nanosilica. Hence, effect of
AE7 was not strong enough either to enhance nacesiispersion into passive Cr(lll) solution
or to creat a stbility for system. IR spectrum shdhat passive Cr(lll) solution did not contain
Cr(VI). Characteristic absorbance of functionalugraondicated interraction between nanosilica
and compounds in passive solution with disperirensg

383



Truong Thi Nam, Hoang Thi Huong Thuy, Dao Phi Hung, Le Ba Thang, Nguyen Thi Cam Ha

REFERENCES

1. George F. Hays (Director General of World Corros@manization) - Corrosion Costs
and the Future (2012hitp://corrosion.org/

2. Porter F.C. - Corrosion resistance of zinc and alfoys - Marcel Dekker, Inc. (1994).

3. Nguyen Thi Thanh Huong, Le Ba Thang, Truong Thi Niiguyen Van Chien, Nguyen Van
Khuong, Le Duc Bao - Study on morphology, structafeCr** conversion coating on
electrodeposited zinc coating, Journal of ScienceTachnologyp3 (2015) 221- 230.

4. Di Sarli A. R., Culcasi J. D., Tomachuk C. R., HsIC.l., Ferreira-Jr J. M., Costa I. - A
conversion layer based on trivalent chromium arshttdfor the corrosion protection of
electrogalvanized steel, Surface & Coatings Teduy®58 (2014) 426—436.

5. Preikschat P., Jansen R. and Hulser P. - Chromageebnversion layer and process for
producing the same-US Patent 6287704. (2001).

6. Grasso L., Fantoli A. S., lenco M. G. et al. - @aion resistance of Cr(lll) based
conversion layer on zinc coatings in comparisonhwdt traditional Cr(VI) based
passivation treatment, Corrosi6ér§2006) 31-39.

7. Mohamed Bizi - Stability and flocculation of nanasa by conventional organic polymer,
Natural Sciencd (2012) 372-385.

8. PengL., Qisui W., Xi L., Chaocan Z. - Investigatiof the states of water and OH groups
on the surface of silica, Colloids and SurfacesPhysicochemical and Engineering
Aspects334(2009) 112-115.

9. Truong Thi Nam, Hoang Thi Huong Thuy, Le Ba Thadgp Phi Hung, Nguyen Thi Cam
Ha, Hoang Van Hung - The effect of nanosilica ®ttivalent chromium conversion coatings
on zinc electroplating, Journal of Science and feldgy 53 (4A) (2015) 87-95.

TOM TAT

ANH HUONG CUA MOT SO CHAT TRO PHAN TAN BEN SU PHAN TAN
NANOSILICA TRONG DUNG OCH THU BONG CROM (l11)
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Anh hréng aia mt b loai chat hd tro phan tan, nin polyvinylpyrrolidone (PVP), natri
lauryl dodecy! sulfate (SDS), ghhoat dong ke mit khong ion op-10 (Op-10), C12-14 alcohol
ethoxylate AE7 (AE7) and polyethylenimine (epomigh qua trinh phén tan nanosilica vao
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trong dung éh tha dong Cr(lll) c6 pH = 1,54&dugc nghién éu bang phb hong ngai, thé zeta,
phan B kich thréc hat va thr nghiém mu mi. Két qua cho thiy dung dch thy dong Cr(lll)-
nanosilicaddng nhit va khoéng co6 & tu cac ht silica sau khi ctao va sau 7 ngay khirsdung
thém tac nhan SDS, PVP and AE7. Tac nhan AE7 chokhi ning tro phan tandt nhit cho
nanosilica vao trong dungah thu dong Cr(lll) so i cac tac nhan khabrgc nghién ¢u. Mang
thu dong duoc che tao tir dung dch thu dong Cr(lll)-nanosilica-AE7 cd bén chbngan mon bt
nhat. Vét gi tring trén ¥t rach aia miu duoc ché tao tr dung dch trén xiét hién sau 9 ngay
phun mi, 1au nhit so \6i cac miu khac. Tuy nhién, kich tléc trung binh ¢a hat nanosilica
trong dung ith Cr(lll)-nanosilica-AE7 khing 60 nm &n hon gip 5 kn so i kich thréc hat
nanosilica badau (12 nm). Daid, tac nhan AE7 co ghgiup nanosilica phan tan vao trong dung
dich thu dong Cr(lll) tot nhat trong cac tac nhan nghiég nhrnganh hrong aia AE7 chradu
aé phan tandt cac ht silica vao dung ith thy dong ding nhr dé duy tri sr 6n dinh cho & méi
ché tao.

Tur khoa: Cr(lll), chat hd tro phan tan, nanosilica, mangitéiong, ma kam.
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