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ABSTRACT

Eftect of dispersing auxiliarres, namely polyvinylpyrrolidone (PVP), Lauryl dodecyt sulfate
sodivm (SDS), nonionic surfactant 0p-10 (Op-10), C12-14 alcohol ethoxylate AE7 (AET) and
polyethylenimine (cpomin) on the nanosilica chispersion into passive Cr(lI1) solution, pH = 1 5,
were investigated by FT-IR, zeta potential. particle-size distribution and natural salt spray
testing. The obtained results ndcated that passive Cr(ill)-nanosilica solution after 7-day
fabrication was umform, having no agglomeration if using SNS, PVP and AET agent AE7 saw
the best dispersion aid ability for dispersing nanosilica into passive Cr(1lT) solution in those
dispersing auxiliaries studied. Conversion coatng fabricated from passive Ce(lD-nanesilica-
AE7 solution had a highest level of anticorrosion durability White rust appeared on N-Cut
position of sample fabricated from former solution after 9-day natural salt spray testing, which
was the longest in all of samples. However, average particle size of nanosilica in passive Cr(lil)-
nanesilica-AE7 solution was approximately 60 nm, which was quintuple imitial average
nanosilica size. Hence. AE7 could help naresilica dispersion into passive Cr{lil) solution hut
effect of AE7 was not strong enough to disperse nanosilica well into solutuon as well as
maintaiing the stabiliry for new systern
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1L INTRODUCTION

Zine plating is widely used to aganst corrosion for steel due to the low cost and simple
technology [I - 4]. However. zinc coating’s rate of corrosion might be very large in a humid
environment since zine is a chemically high reactive meral. Therefore. a post-treatment 1s
necessary 1o increasc the lifetine of zine coatings. In industrial practice. one of the most popular
methods was to use passive Cr{VI) solution to create a thin conversion coating on the surface of
zinc plating with self-healing ability. However, the compound Cr{V[) has been convinced as a
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ce f ds Cr(VI) is

substance that may cause cancer. The use o P
rf‘:rzal::e‘f l:;Eumpcan countries and others over the world [3, 6]. Hence, many other reatnient
methads have been presented with requirements to replace ?r(Vl) based conversion coatingy
with safer treatments [6]. i which Cr([Il) conversion coating is introduced and become populsr

in 1ndustnal practice.

In Viemam, some research organizations such_ as Hanoi Upiversity of Science and
Technology. the VINU University of Science and Iqshtute for Troplc:al Technology efc. have
been studying and fabncaung successfully passive Cr(1h solm?nns._ Nevertheless, the
combination of nanostlica with tvalent chromium conversion coating is a novel rt{search
durection. where there are very few reports published in the world, \fvnlh purpose to fabricate g
conversion coating with hgh anticorrosion durabihty and self-healing i.lblllt)" Howeverl. itis
hard to disperse nanosilica in low pH solution [7]. Nanosilica quders e{:sd){ agglqrpem|e in low
pH solution. Hence. the requirement of passive Cr (III) nanosilica solunon.us stability as reduce
the agglomeration of nanosilica. In this paper, effect of soine dispersion aids on the nanosilica
powder dispersion in passive Cr(11l) solution has been investigate by zeta potential, particle-size s
distribution, FT-IR with a desire to determine suitable dispersion aid for dispersing nanosilica
mto Cr(111) solution

2. MATERJALS AND METHODS E
2.1. Materials

The chemucal materials are used which includer “aOH, HNO; (both used pure grade W
(China)). iridescent passive Cr(I1]) complex solution (contaimng: Cr'" in type Cry(SO.);.6H,0at  §v
Sg/L, complexion agent at 16 g/l and pH at 1.5 and was fabricated at Institute for Tropical
Technology). Zinc electroplating was fabricated according to the ENTHONE process [5]. The
components of zinc plating solution are ZnCly (60 g/L); NH,CI (250 g/L); additive AZA (30 !
ml/L) and AZB (1.5 ml/L). Nanosilica Aerosil (Belgium) has a specific surface area of 200 m¥ig
and average diameter of 12 nm. Some of dispersing auxiliaries: polyvinylpyrrolidone (PVP}
(France). Lauryl dodecyl sulfate sodium (SDS), nontonic surfactant op-10 (Qp-10), C12-14
aleohol ethoxylate AE7 (AE7) and polyethylenimine (epomin) {China).

2.2. Preparation of passive trivalent chromium with nanosilica solution.

Preparation af passive trivalent chromium solution containing nanasilica:

+ A 1 gof nanosihea was dispersed in 100 mL distilled water by ultrasonic machine TPC- |
15 (Swss) wath frequency of 20 kHz and power of 30 W in 10 mmutes.

- B 100 mL Cr(IIl) solution was djluted by 700 mL distilled water and then 0.1 g )

surfactant was added which was followed by vibrating with ultrasound machine TPC-15 for 5 {
MUDWES.

Finally. A and B were mixed and deionized water was added to the 1L of solution. Afler Il

that. the solution was vibrated agam in (0 . pH of solution was adjusted to 1.5 - 1.8 by 10% | 4
of NaOH and 10 % of HNO: solutson

Table | 1liustrated notation of passive Cr (II) solution and nanosilica with differet
dispersing auailianes.
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All of passsve Cr{(TTT)-nanasilica solution with various surfactants were fabricated and then
stabilised in 24 h, which was followed by ultrasound treatment m 10 run before further anatysis.

Table I The notation of passive Cr(I1]) solution and nanwosilica with varjous agents.

Passive solution Notation

Passive Cr(lll)-nanosilica solution, dispersing agent SDS Cr(II1)-S:Q:-SDS
Passive Cr{1Il)-nanosilica solution, dispersing agent PVP Cr{l11)-510,-PVP
Cr(Th)-S$1G,-AE7

Passive Cr(1ll)-panosilica solution, dispersing agent AE7

Pagsive Ce(11l)-nanosilica solution, dispersing agent op-10 Cr(i)-810,-0pl0

Passive Cr(11l)-nanosilica solution, dispersing agent epomin Cr([M)-S10>-Ep

2.3. Zinc electroplating preparation

Steel low carbon plates (100<50% 1.2 mm) were degreased by unmersion it UDYPREP-
1T0RC (Fnthone) with 60 /L of concentration at 50 ~ 60 °C of termperatnre for 5 - 10 min. After
that the samples were immersed 11 solution containing HC1 (10 %), urotropin (35 g/L) at
ambient temperature for 2 - 5 mun.

The stecls were industnially slectrogalvanized in piating bath with solution of Enthone
Company. The conditions were followed. cathodic current density of 2 A/dm? the zinc anode
with a purity of 99.995 %: rate of square anode/cathode of 2/1 and at ambient (emperature for
30 min with the swinging cathode opcration. Subsequently. the samples were rinsed by
detonized water. Zinc coating had thickness of 12 - 13 um.

Immediately after the electrogalvanizing step, the sample surface was activated i a 0.5 %
HNO; solution (pH 1) for 3 - 5 5 Subsequently, the surface was passivated by the following
treatments green-colored Cr'™ {with and wathour nanosilica)-based conversion treatment, The
parameters used were pH 1.5, 1n 60 s 1n industrial immersion bath with mechamcal shrring,
Finally, the samples were rinsed in deionized water and dried in an oven at 80 °C for 3¢ mn. All
samples wete stored 1n desiccators at ambient temnperature in 48 h for stabilized samples.

2.4, Analysis

+ Stability and floceulation of nanosihica in solution was assessed by gencral appearance
immediately and after 7-days fabrication.

+ Functional group of passive solution compounds was determined by means of an FT-IR
spectrophotometer (Perkin Elmer GX) with 4000 - 300 cm’' of range wave number and
reselution at 4 cm™.

+ The particle-size distnbution of nanosilica in the passive Cr (111 solution measurcd using
laser scattering particle-size distribution analyzer (LA 9502, Horrba} produced a wide range of
0.01 um to 3000 pum and resolution < 0.01 pm

+ Zeta potential was detenmined by usig the Doppler velocwty technique on Zetasizer-
Nano ZS equipment (Malvern — UK} that had a measuring range of -200 — +200 mV

+ The neutral salt spray was lested on X-cut positions on sample surface fabricated form
various passive Cr(IIl}-nanosilica solutons according to standard JIS 8502 1999 by means Q-
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FOG CCT 600 (USA) at Tnstitute for Tropical lechnology, VAST.

3. RESUL.TS AND DISCUSSION

3.1. General appearance asscssiment

Although general appearance assessment is simple lechni.que xjvith non-equiprnent, obtained
results 15 importans 1n onenting further studies and thus saving time and moncy tl‘or rcsgaml;
Inrtially. all of passive solunon with different agents were assessed appearance immediately
fabricated and after 7 days with purpose to selecting suitable agent with rfam)slllca dispersion
into low pI{ solution. The results indicated that almost sclunions were uniform and stabitized
afler 7-day fabncation except Cr(lID-8i0-Opl0 and Cr(Il)-SiO,-Ep which had nanosilics
agglomeration after 7-day fzbneation. Therefore, passive Cr(I11)}-8iO. solu.uon containing
dispering agents. namely SDS. PVP and AE7 have been selectzd for further studies.

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

The stabulity of solution 1s an important criterion for dispersed nanomaterials into solution
in general and dispersed nanosilica into solution in particular, especially in cases dispersing
nanomatenal in unstable conditions, such as dispersing nanosilica into low pH solution, and thus
testing stability of solution to find out suitable fabricating condition and stability enhancer is
indispensable. Zeta potennal can be used to determine the stability of dispersed nano solution
Zeta potential values of passive Cr(I11)-Si0s solutions were presented on Table 2

Tohie 2 Zeta porentiat of passive disperszd nanosilica solutions.

Pussive solntion Cr(Ji1)-510--8DS Cr(IM-8102-PVP Cr(l1}-510,-AEY
Zeta potential (mV) 4.5 -4.9 -6.1

As can be scen from Table 2. algebraic values of Zeta polentials were not high. It means
that colloid solutions were poor stabihity and unrehahility due o characteristic nanosilica, whick
15 eusily agglomerated n low pH solution According to previous studics, Zcta potentials’
lgebrase values of nanasilica colloid solution at low pl was usually small, for example, Zet
potential value was approximately zcro at pb = 1. Ay pH = 3, nanosilica in colloid solution
ul‘wssnmj of dispersing auxifiancs starled flosculation [7]- The obtained results showed that,
dispersing agents enhanced Zeta potential leading to passive solutions containing nanostlica was

stabilized 1 a fugher level. afier 7-day fabricated solutions were still uniform and of non-
agglomeration

As from Table 2. Cr(I1)-$10:-AE7 solution cxpericnced the highest zeta potential algebraic

valve than CrI-SI0-PVP and Crilll)-Si0,-SDS sofution Hence, the Cr{ITT)-SiO-AET

;t:gﬂ_!:';): :;‘]Lt‘zs::vmc extent. the most stable in comparison with Cr{HI)-3i0:-PVP and Cr(illy

.
P
=4

- d



1=

Effect of some d:sgrsmg auxiliartes on nanosilica dispersion into passive chrome trivalent solution

3.2.2. Particle-size distribution

Particle size can affect to not only the stability of solution but also conversion coating
contaiming nanosilica. For example, nanosilica affects msignificantly to microstructure and
morphology of conversion coating surface if the size of nanosilica is small enough [9] However,
nanosilica particle-size depends not only on ininal size of nanosihca but also on dispersing
condition, and surface of nanosilica statws, Therefore, using the dispersing auxiliaries or
modifying surface of nanosilica can iead to reducing diameter of nanosilica as well as reducing
of agglomeration. The obtamed resuits of particle-size distributions are displayed on Figure 1
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Figure 1 Particle-size distribution of nanosihca m passive soluticn contaming dispersing auxilianzs,

As can be seen from Figure 1, the average paiticle size of nanosilica in passive solution
using different dispersing agents could be arranged follow. AE7 (59.51 nm} < PVP (70.9 nm)
< 8DS (79.07 nm) Particle size of nanosilica in passive solution was much higher than that of
inttial nanosilica (approximately 12 nm of average size). It can be explained that, nanosilica
easily agglomerated at low pH, nanosilica started agglomeration at pH = 3 [7]. Because proton
H' from environment casily attached to oxygen of nanosilica to create S1-OH and then the
hydrogen bond established [4, 8]. Thus, nancstlica agglomerated to create a huge particle when
nanosilica was dispersed mto solution at pH =15, Wuh presence of dispersing auxiliarics,
dispersing agents could covered around nanosilica, preventing nterraction of nanosibca and
proton from environment Jeading to slow transition from SiQ to 51-CH as well as reducing
process of flocculation of silica in an acid environment. Hence, nanosilicas were, up 10 a pomt,
better dispersed into passive solution at PH =15 with dispersing agent 1n comparison with
solution ahsence dispersing auxihanes [7] However, average particle size of nanosihca n
passive solution using dispersing agents was lager in comparison with initialy diameter of
nanosilica and thus 1t was not exaggerating to say that effect of dispersing auxilianies mn this
study were, more or less, not enough to dispersing nanosilica as well as stabilizing new system

From obtained resuits of Zeta potential and partcle-size distribution, dispersing auxihianes
of dispersion awds of nanomlica into passive Cr((Il) solution can be arranged as follows SDS<
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PVP < AE7. Thus, passive Cr(lli}-nanosilica so[uFion using AE7 agent was predicied to crea
conversion coating with the highest protection ability.

3.3. IR analysis

IR spcctroscopy was used 10 determine functiunal_ groups and chemical lmks which
indicated refationship benween nanosilica and compounds in passive Cq I'H)—x}anoslhca soluticn
with dispersing auxilianes. IR spcctra of passive Cr{llI)-nanosilica solution with different agents
were iltustrated on Figure 2.

As can be seen from Figure 2a, absorbance at 3200 - 3700 cm™ with strong intensity is
corresponding characteristic ~OH of silunol (SiOH) and water linked with nalmosilica surface by
hydrogen bond. Besides, absorbance of OH group also shown at 3440 ¢’ and 1645 cm™, is
corresponding of characteristic -CH group n water [8].
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Firgure 2 IR spectrum of passive Cr(UI1)-S:0- solutsor: with different dispersing agents Fmduced
wavenumber range of 4000 - 400 cov”' (a); 1400 — 800 ¢m * (b) and 800 — 400 em” (c}

Figure 2b shows that ubsorbance peak of $i0, in passive solution with different dispersing
agents w.c‘re<var10us wavenumber at 1078 ¢!, 1094 cm’', 1099 emi”’, 1103 cm”’. Absorbance at
1093 em™ va 770 cm ' were corresponded to fluctuating asymmetry of —S$i-0-Si and fluctuating
symmetry _"f S\-QH. respectively  Moerover, absorbance at 953 em’, corresponding to
charactenstic Cr(Vl) was not appeared while absorbance at range 610 - 600 cm” wes

corresponded with Cr'™ [3). This results were i WIth p .
@] 0f
oo ded g 4 compatible with photometry results of pas:
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34. Natural salt spray testing

Natural salt spray testing is one of accelerated test methods, which are the most popular and
widest methods, using to evaluauon anticorrosion durability of coating on metal. In this work,
natural salt spray testing was used with a desire to compare the anticorresion of samples which
were fabricated from passive Cr(Ill)-nanosilica solution using vanous dispersing agents.

Time of white rust appearance on X-cut positions of samples were determined in natural
salt spray testing. Time of white rust appearance or X-cut positions of samples which were
fabnicated from various passive solution were presented on Table 3.

Table 3. Time of winte rust appearance o on X-cut pesinions of samples which were fabncated from
passive Cr(H1)-S10; solution using different dispersing agents.

Time of white rust

Sample fabricated from appearance (day)

Passive Cr(111) soluhon !

Passive Cr(111)-$10.-5DS solution 8
Passive Cr(11I)-5i0:-PVP solution 8
Passive Cr(MI)-Si0,-AE7 solution 9 j
Easswe Cr(1113-$10-Op 10 solution [
%

Passive C([11)-S10,-Ep solution

Nanosiliea can affect insignificantly to microstructure and morphology of conversion
coating surface if the its size 1s small enough [9). However. anticorrosion of conversion coating
based on Cr(II1)-nanosilica on zinc plating ssgnificantly improved White rust appeared earlies, |
day, on X-cut position on sample based on Cr{Itl) conversion coaitng while X-cut positions on
ather sample only appeared white cust after 6 day or later It can be explained that with presence
of nanesilica, the anticorrosion durability of conversion coating substantrally enhanced due to
self-healing of nanosilica These results were compatible with previous results Passive Cr(T)-
nanastlica solution usmg AE7 agent, up to a pomnt. fabricated comersion coating which was at
highest level of anticorrosion ability

4. CONCLUSION

Influence of various dispersing auxihanes an the nanosilica dispersion into passive Cr(ITl)
solution were mvestigated. AE7 shown the hest dispersing aad abilaty in the comparion with
dispersing auxilianes stuty. However, average particle size of nanosilica m Cr{I1l}-nanosilica-
AET was approaimately 60 un, which was quintuple minal average nanosilica Hence, ¢ffect of
AET7 was not strong erough either to enhance nanosilica dispersion into passive Crili) solution
or to creat a stbtlity for system. IR specirum shown that passive Cr(I1[} solution did not contam
Cr{V]) Charactenstic absorbance of functional group indicated interraction betw een nanositica
and compounds m passive solution with dispening agents
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Anh hoong cia mat sé lear chit
tauryl dodecyl sulfate (SDS), chds hoat
ethoxylate AE7 (AE7) ang polyethylen

hé o phin tan, nhu polyvinylpymrolidone (PVP), netd
déng bé mat khong 1on op-10 {Op-10), C12-14 alcohol
inune (epomin) dén qua trinh phin @n nanosilica vée

384




=

Ay T

Effect of some dispersin, auxliaries on nanosiica dispersion into passive chrome trivalent solution

trong dung dich thy ddng Cr(Il) c6 pH=1,5da dirge nghién cl’m}ﬁﬂg phd héng ngoar, thé zeta,
phan bd kich thudc hat va thir nghi¢m mi mudi. Két qud cho thiy dung dich thy déng Cr(IIl)-

nanosilica déng nhit va khong c6 ket t céc hat silica sau khi ché tao vi sau 7 ngay ki sir dung
thém téc nhin SDS, PVP and AE7, Téc¢ nhan AE7 cho thiy kha ning tro phdn tén 6t nhét cho
nanosilica vao trong dung dich thy dng Cr(11T) so v6i céc tac nhan khic duge nghién ciru. Mang
thy dong dwoc ché tao tir dung dich thy dong Cr(i11)-nanosilica-AE7 c6 do ben chong an mon tét
nhat. Vét gi tring trén vét rach cia mau dugc ché tao tir dung dich trén xudt hidn sau 9 ngdy
phun mudi, 14u nhit so véi cic miu khac. Tuy nhién, kich thudc trung binh ciia hat nanosilica
trong dung dich Cr(lll)-nanosilica-AE7 khodng 60 nm 1én han gdp 5 ldn so voi kich thudc hat
nanosilica ban du (lme).lDD d9, t4c nhén AE7 c6 thé gilp nanosilica phan tan vao trong dung
dich thu dng Cr(lI1) tSt nhit trong céc tic nhén nghién ctr, nhumg anh hwémg cia AE7 chua du
4¢ phén tn 16t céc hat silica vao dung dich thu déng ciing nhu dé duy tri sy 6n dinh cho hé méi
che tao.

Tir khéa- Cr(111), chit hé frg phée tén, nanosilica, ming thu dong, ma kém.





