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sodiiim^lic, '̂  ** auxihanes, namely poly^mylpynolidonc (PVP), Lautyl dodecyl sulfate 
sodium SDS), noraomc surfactant op-IO (Op-IO), C12-I4 alcohol ethoxylate AE7 (AE7) and 
polyethylemmine (epomm) on the nanosilica dispeision into passive Ci(III) solution pH - 15 
t " " L ' " ; t ' n f - ' ^ / ^ T ' '": •""'"'""• "^""'"^'^^ distribution and namial's'lt spay 
fahZf c T ' " '""""=' ' """ P""̂ ''™ Ci(III)-nanosilica solution aftei 7-day 
fabncation was umfoira, having no agglomeiation if using SDS, PVP and AE7 agent AE7 saw 
the best dispeision aid ability fot dispeising nanosihea into passive Ci(III) solution in thos" 
dispeismg auxihanes studied. Convcision coatmg fabricated from pass ve C i ( S ™ s hca 
AE7 solution had a highest level of anticonosion duiability White rust appealed on X Cut 
position of sample abi cated from fonnei solution aftei 9-day natuial salt spiay testing wMch 
was the longest in till of samples, Howevei, aveiage particle size of nanosilica in pass veC^HD 
nanos, iea-AE7 solution was appioximately 60 nm, which was quintuple ^nit a^ave a,c 
nanosilica size. Hence, AE7 could help nanosilica dispeision into paliv Ci(l I) so ut on bu 
effec of AE7 was not stiong enough to dispeise nanosihea weE into solution a weVa 
maintaining the stability foi new system solution as well as 
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I, INTRODUCTION 

Zinc plating is widely used to against cotrosion fot steel due tn the l™„ , j 
technology [1-4] . Howevei, zmc coating's mte of conos'„ ipLh be J 1 ' T " ! 
enviionment since zinc is a chemically hieb leacve mem" The e fo le^ ^^' '" " 

zinc Plating with seLealmg ibillty" r e r S ^ V o C u T d l ^ " h : f ^ i ° c : : r - : 
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hazardous substance that ma> cause cancer. The use of compounds Cr(VI) is mcr^asir_, 
forbidden bv European countnes and others over the world [5, 6]. Hence, many other treatmea 
methods ha've been presented vMth requirements to replace Cr(VI) based conversion coatings 
% îth safer treatments [6]. m uhich Cr(tll) conversion coating is introduced and become popular 
in industnal practice. 

In Viemam some research organizations such as Hanoi University of Science and 
Technoloey the VNU Uni\er5ity of Science and Institute for Tropical Technology etc. have 
been smdyma and fabncanng successfully passive Cr(III) solutions. Nevertheless, the 
combination of nanosilica with tnvalent chromium conversion coating is a novel research 
direction, where there are very few reports published in the world, with purpose to fabricate a 
conversion coatins with high anticorrosion durability and self-healing ability. However, it is 
hard to disperse nanosilica in low pH solution [7]. Nanosilica powders easily agglomerate in low 
pH solution. Hence, the requirement of passive Cr (III) nanosilica solution is stability as reduce 
the agglomeration of nanosilica. in this paper, effect of some dispersion aids on the nanosilica 
powder di.spersion in passive Cr(IlI) solution has been investigate by zeta potential, particle-size 
distribution, FT-IR with a desire lo determine suitable dispersion aid for dispersing nanosilica 
into Cr(lll) solution 

2. MATERIALS AND M E T H O D S 

2.1. Materials 

The chemical materials are used which include' " 'aOH, HNO3 (both used pure grade 
(China)), iridescent passive Cr(Ill) complex solution (containing; Cr''* in type Cr2(SO.i),i.6H20at 
5g/L. complexion agent at 16 g/L and pH at 1,5 and was fabncated af Institute for Tropical 
Technology). Zinc eiecffoplating was fabricated according to the ENTHONE process [5]. The 
components of zinc plating solution are ZnCb (60 g/L); NH4CI (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'/g 
and average diameter of 12 nm. Some of dispersing auxiliaries; polyvinylpyrrolidone (PVP) 
(France). Lauryl dodecyl sulfate sodium (SDS), nomonic surfactant op-IO (Op-IO), C12-14 
alcohol ethoxylate AE7 (AE7) and polyethylenimine (epomin) (China). 

2.2. Preparation of passive trivalent chromium with nanosilica solution. 

Preparation of passive trivalent chromium solution containing nanosilica: 

+ A I gofnanosihca was dispersed in 100 mL distilled water by ultrasonic machine TPC-
15 (Sw ISS) with frequency of 20 kHz and power of 30 W in 10 minutes. 

- B 100 mL Crdll) solution was diluted by 700 mL distilled water and then 0,1 g 
surfaciant was added which uas followed by vibrating with ultrasound machine TPC-15 fori 
minutes. 

Finally. A and B were mixed and deionized water was added to the IL of solution. After 
thai the solution was vibrated agam in 10 mm. pH of solution was adjusted lo 1.5 - i .8 by 10 % 
ot NaOH and 10 % of HNO. solution 

Table I illustrated notation of passive Cr (III) solution and nanosilica with different 
dispersing au.Mlianes. 



Effect of some dispersing auxiliaries on nanosilica dispersion into passive chrome trivalent solution 

All of passive Cr(ni)-nanosilica solution with various surfactants were fabricated and then 
stabihsed m 24 h, which was followed by ultrasound treatment m 10 mm before ftirther analysis. 

Table 1 The notation of passive Cr(m) solution and nanosiiica with various agents. 

Passive SOIUHOD 

Passive Cr{IIl)-nanosi!ica solution, dispersing agent SDS 

Passive Cr(III)-nanosilica solution, dispersing agent PVP 

Passive Cr(III)-nanosiIica solution, dispersing agent AE7 

Passive Cr(III)-nanosilica solution, dispersing agent op-IO 

Passive Cr(Iii)-nanosilica solution, dispersing agent epomin 

Notation 

Cr(III)-SiO,-SDS 

Cr(III)-Si02-PVP 

Cr(ni)-SiO,-AE7 

Cr(I]l)-SiO-OplO 

Cr(ni)-Si02-Ep 

2,3, Zinc electroplating preparat ion 

Steel low caibon plates ( I 0 0 X 5 0 K 1.2 mm) weie degieased by immeision in UDYPREP-
1 lOEC (Enthone) with 60 g/L of concenttation at 50 - 60 X of temperature foi5 - 10 mm Afler 
that the samples were tmmeised in solution containing HCl (10 %), uiotiopin (3 5 e/L) at 
ambient tempeiamie foi 2 - 5 mtn. 

The steels wete industnally elech-ogalvanized m plating bad, with solution of Enthone 
Company. The conditions were followed, cathodic cunent density of 2 A/dm'- the zinc anode 
with a punty of 99.995 %; rate of square anode/cathode of 2/1 and at ambient tempeiamre fot 
30 mm with the swinging cathode opetation. Subsequendy, the saraples weie rinsed by 
deionized water. Zmc coaling had thickness of 12 - 13 pm. 

u..J"""!^""^'y "'*'" " ' ' = '=»°Sil™nizing step, the sample surface was activated in a 0 5 % 
HNOj solution (pH I) for 3 - 5 s Subsequently, the surface was passivated by the following 
tieatments green-colored Cr' (with and without nanosilica)-based conveision treatment The 
paiameters used were pH 1.5, in 60 s in industiial immeision bath with mechamcal sti'ning 
final y, the samples weie imsed in deionized watei and dned in an oven at 80 °C fot 30 mm All 
samples were stored in destccatois at ambient tempeiamre in 48 h fot stabilized samples. 

2.4, Analysis 

+ Stability and flocculation of nanosilica in solution was assessed by general appearance 
immediately and aftei 7-days fabncation. appearance 

+ Functional group of passive solution compounds was detennined by means of an FT-IR 

S t i o n t w . ' " ' " ' ' ' " " " " " ° ' " " ' * ' ° ° ° " ""' '"•"' "' ^""S^ " " - " u - b e t a S 

laser ^ ^ '^"'^''•.'f" d'stttbution of nanosilica m tbe passive Ct (III) solution measured using 
laset scatter ngpanicle-size t^ishtbution analyzei (LA 950V2, Honba) produced a wide range of 
0.01 pm to 3000 pm and resolution < 0.01 pm ^ 

+ Zeta potemial was detennmed by using the Dopplei velocity technique on Zetasizei-
Nano ZS equipment (Malvem - UK) that had a measunng range of-200 - +200 mV 

+ The neutral salt spray was tested on X-cut positions on sample surface fabncated fom, 
various passive Ci(IH)-nanosilica solutions according to standaid JIS 8502 1999 by m e a n s ™ 
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FOG CCT 600 (USA) at bsnmte for Tropical Technology, VAST. 

3. RESULTS AND DISCUSSION 

3.1. General appearance assessment 

Although general appearance assessment is simple technique with non-equipment, obtained 
results IS important m orienting further studies and thus saving time and money for research. 
Inuially. all of passive solunon with different agents were assessed appearance immediately 
fabricated and after 7 days with purpose to selecting suitable agent with nanosilica dispersioa 
into low pH solution. The results indicated that almost solutions were uniform and stabilized 
after 7-day fabrication except Cr(llI)-SiO:-OplO and Cr(lIl)-SiO:-Ep which had nanosilica 
agglomeration after 7-day fabrication. Therefore, passive Cr(lll)-Si02 solution containing 
dispering agents, namely SDS. PVP and AE7 have been selected for fiarther studies. 

3.2. Zeta potential and particle-size distribution 

3.2.1 Zeta potential 

The stability of solution is an important criterion for dispersed nanomaterials into solution 
in general and dispersed nanosiiica 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 suilable fabncating condition and stability enhancer is 
indispensable. Zeta potential can be used to detennine the stability of dispersed nano solunon. 
Zeta potential values of passive Cr{III)-SiO; solutions were presented on Tabie 2 

Table 2 Zeta poleniial of passive dispersed nanosilica solutions. 

Passive solution 

Zela poleniial (mV| 

Ci(lll)-SiO;-SDS 

-4,5 

Ci(lll)-SiO,-PVP 

-4,9 

Ci(lll)-Si02-AE7 

-6,1 

As can be seen ftom Table 2, algebraic values of Zeta potentials were not high. It means 
Ihal colloid solutions weie pool stability and unreliability due to charactenstic nanosilica, which 
IS easily aggloraeraled m low pH solution Accoiding to previous sftidies, Zeta potentills' 
algebraic values of nanosilica colloid soludon at low pH was usually small, foi example, Zell 
potential value was approximately zero al pH = I. At pH = 3, nanosilica in colloid solution 
absence of dispeising auxilianes started flocculation [7], The obtained results showed thai, 
dispeising agents enhanced Zela potential leading to passive solutions containing nanosilica wis 
slabihzed in a highei level, aftei 7-day fabncated solutions were still unifonn and of non-
agglomeiation 

As from Table 2. Ci(lll)-SiO,-AE7 solution experienced the highest zeta potential algebiaic 

>a ue than Ci(llll-SiO:-PVP and Ci(lll)-SiO,-SDS solution Hence, the Ci(lll)-SiOrAE7 

S°O '"S 'DS soluuon™ " ' " ' ' " " " ' " " " " ' ' ' " ' " = ™ P " " " ° " ™ * CidlD-SiO^-PVP and Ct(III)-



^ ^^gc/ of same dispeisintj auxiliaries an nanosilica dispersion Irito piasslve chrome tnvalent s 

3.2.2. Panlcle-stze dislribulion 

Particle size can affect to not only the stability of solution but also conveision coating 
containing nanosilica. Foi example, nanosilica affects msianificantlv to miciostmcmre and 
moiphology of conveision coating surface if the size of nanosihea is small enough [9] Howevei 
nanosihea particlc-size depends not only on initial size of nanosilica but also on dispeisin= 
condition, and surface of nanosilica stams. Therefore, using the dispeising auxiliaries or 
modifying surface of nanosihea can lead to reducing diametei of nanosilica as well as leducin" 
ot agglomeiation. Tlie obtained results of parttcle-size distributions aie displayed on Figure I " 

CiflII>SiO-P\T 

- t>(III>StO>SDS 

• Cl(III>SiO.-,AE7 

Diameter (nm) 

Figure I Pamcle-size distribution of nanosilica m passive solution contaimng dispersing auxiliaries. 

As can be seen from Figure I, the average particle size of nanosilica in passive solution 
< ' sns : ^ ' S ' ' * ' f ^•^'"g "E™"! " " I ' l be ananged follow, AE7 (59.51 nm) < PVP (70.9 nm) 
< SDS (79.07 nm Particle size of nanosilica in passive solution was much highei than that of 
nitial nanosihea (approximately 12 nm of average size). It can be explained that nanosdica 

easily agglomerated at low pH. nanosilica started agglomeration at pH - 3 [7] Because proton 
H from environment easily attached to oxygen of nanosihea to create S-OH and then the 
hydrogen bond established [4, 8], Thus, nanosilica agglomerated to create a huge particle when 
nanosihea was dispersed into solution at pH - I 5. With presence of dispeising a ^ x i r ^ s 

p o Z Z ' ' " " " ' "°rf """'"? •""""""• " ' " " " " g ™ = ™ . o n ' o f nfnosili a nd 
proton frotn environment leadmg to slow transition from SiO to Si-OH as well as leducing 
process of flocculation of sihca in an acid enviionraent. Hence, nanosilicas were up o a pomt 
bettei dispeised into passive solution a. pH = I 5 with dispersing agent in compa "son with 
solution absence dispeising auxilianes [7] Howevei, aveiage pamefe ize of nan" s" ca m 
pss ive solution using dispeising agents was lagei in companson „ „ h imt i a lyTam e of 
nanosihea and thus ,t was not exaggerating to say that effect of dispetsing a J l i a leT m tb" 
study were, more oi less, not enough to dispeismg nanosilica as well as su ib i l l i n"„ rw system 

From obtained results of Zeta potential and particle-size distribution, dispeismg auxilianes 
of dispeision aids of nanosihea into passive Cidll) solution can be ananged r f o l f o w s S D S < 
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PVP < AE7, Thus, passive Cr(III)-nanosilica solution using AE7 agent was predicted to cnat 
conveision coating with the highest protection ability. 

3,3. IR analysis 

IR specftoscopy was used to detennine functional groups and chemical links whiti 
indicated relationship between nanosilica and compounds in passive Cl(III)-nanosilica solution 
widl dispeising auxilianes, IR spectta of passive Cn;ni)-nanosilica solution widl different ageiils 
were illustrated on Figute 2. 

As can be seen ftom Figure 2a, absoibance at 3200 - 3700 cm"' with sttong intensity is 
conesponding characteristic -OH of silanol (SiOH) and water linked with nanosilica surface by 
hydrogen bond. Besides, absoibance of OH gioup also shown at 3440 cm"' and 1645 cm"', is 
conesponding of chaiacteristic -OH gioup m watei [8], 

Wa\ enumber (cm"') 

(c) 
Figure 2 IR spectmm of passive Ci(lll)-SiO, solution with different dispeising agents produced 

wavenumbei tange of 4000 - 400 cm"' (a); 1400 - 800 cm"' (b) and 800 - 400 cm"'(c) 

Figure 2b shows that absoibance peak of SiO, in passive solution with diffeient dispereiiig 
agents were vanous wavenumbei at 1078 cm"', 1094 cm"', 1099 cm"', 1103 cm"', Absoibance al 
lUVJem i a 7 7 0 c m were conesponded to fluctiiating asymmetry of-Si-O-Si and flucttiating 
symmetiy ol Si-OH, respectively Moeiovei, absoibance at 953 cm"', conesponding to 
cnaiaclenstic Ci(Vl) was not appeared while absoibance at range 610 - 600 cm"' was 
onresponded wnh Ci [3], This results were compatible with photometty results of passive 

t-i(l!l)-nanosilica. v j 
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3,4, Natural sait spray testing 

Namral salt spray testing is one of acceleiated test mediods, which ate the most populai and 
widest methods, using to evaluation anticonosion duiabdity of coating on metal. In this woik, 
namral salt spray testing was used with a desiie to compaie the anticonosion of samples which 
were fabncated from passive Ci(III)-nanosilica solution using vanous dispeising agents. 

Time of white mst appearance on X-cut positions of samples were detennined in namial 
salt spray testing. Time of white mst appearance on X-cut positions of samples which were 
fabncated from vanous passive solution weie presented on Table 3. 

Table 3. Time of white lust appearance on on X-cut posinons of samples which »-eie fabncated from 
passive Ci(III)-Si02 solunon using different dispeismg agents. 

Sample fabricated from 

Passive Cr(IlI) solution 

Passive Cr{I[!)-SiO:-SDS solution 

Passive Cr(IIl)-SiO:-PVP solution 

Passive Cr(III)-Si03-.AE7 solution 

Passive Cr(III)-SiO:-OplO solution 

Passive Crdllj-SiO.-Ep solution 

Time of white rust 
appearance(day) 

I 

8 

8 

9 

6 

6 

Nanosihea can affect insignificantly to miciostmcttire and morphology of conversion 
coatmg suiface if the its size is sraall enough [9]. Howevei. anticonosion of conversion coating 
based on Ci(lll)-nanosilica on zmc plating significantly improved White nist appeared eariies 1 
day, on X-cut position on sample based on Ci(lll) conveision coaitng while X-cut positions on 
othei sample only appeared white nisi aftei 6 day oi latei It can be explained that with presence 
ot nanosihea, the anticotrosion durability of conversion coating substantially enhanced due to 
self-healing of nanosilica These results were compatible with previous results Passive Ci(lll)-
nanosihca solution using AE7 agent, up to a point, fabiicaled comeision coatins which was at 
highest level ol anticotrosion ability 

4, CONCLUSION 

Influence of vaiious dispersing auxilianes on the nanosihea dispeision into passive Crillll 
solution were investigated. AE7 shown the besl dispersing aid abihiv in the companon with 
dispersing auxihanes smiy. However, axerage particle size of nanosihea m Crdlh-nanosilica 
AE7 was approximately 60 nm, which was quintuple inmal average nanosilica Hence effect of 
AE7 was not sttong enough either to enhance nanosilica dispersion into passive Cr(lll) solution 

Cr(VI) Charactenstic absorbance of ftmctional group indiealed mtenaction between nanosilica 
and compounds in passive solution wnh dispering agents 
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T 6 M TAT 

ANH HUONG CUA MOT SO CHAT TRO PH A N TAN DEN SU PHAN TAN 
NANOSILICA TRONG DUNG DICH THU BONG CROM (III) 
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Anh hucmg ciia mot s6 loai chiit h6 tto phan tan, nhu polyvinylpynolidone (PVP), nalli 
lauryl f°'''==yl ^''Iftte (SDS), chat hoat dong b l mat khong ton op-IO «Dp-10), CI2-I4 alcohol 
cmoxyiale A t / (AE7) and polyethylemmine (epomin) den qua trinh phan tiSn nanosilica vao 
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trong dung djch thu dong Ci(III) co pH - 1,5 da dugc nghien ciiu bjng ph6 hdng ngoai, Ihl zeta, 
phan bo kich thuoc hat va thu nghijm mil muoi. Kit qua cho thSy dung d|ch thu "dong Cr(lll)-
nanosilica dong nhat va khong co kit tu cac hat silica sau khi chl tao va sau 7 ngay khi sii dung 
them tac nhan SDS, PVP and AE7. TiSc nhan AE7 cho didy kha nang aa phan tan tdt nhit cho 
nanosihea vao tiong dung dich thu dong Ci(III) so vol cac tac nhan khac ditoc nghien cira. Mang 
thu don| duoc che tao Kt dung d|ch thu dong Ci(lll)-nanosilica-A£7 co do bin ching an mon tot 
nhat. Vet gi trang tien vet iach ciia mlu duoc chl tao tii dung dich tten xuit hien sau 9 ngay 
phun muoi, lau nhat so vcti cac man khiSc. Tuy nhien, kich thuiic oimg binh cua hat nanosilica 
trong dung dich Ci(lll)-nanosilica-AE7 khoang 60 nm Itjn htm gSp 5 lln so vtji kich thuoc hat 
nanosihea ban dau (12 nm). Do do, tac nhan AE7 co thi giiip nanosilica phan tan vao ttong dung 
d|ch thu dpng Ci(IH) tot nhat trong cac tac nhan nghien ciiu, nhung anh huong cita AE7 chira dii 
dephan tan tot cac hat silica vao dung dich thu dong ciing nhu dl duy tri su iin dinh cho he moi 
che tao. 

Tirkhoa- Cr(III), chat hi tro phan tan, nanosilica, mang thu dpng, ma kem. 




