Nano-Particle Reinforced
Latex Dispersions

With Modified Colloidal
Silica

by Peler Greenmwaod ‘ he inepact of adding epoxysibene-modified collnidal sifica t water-based coating ferui

Ela Chemicals AR, a Puginess Tatians on he wactienical properiies of tesin films way studice, I general, the effact of che sl
Unit within Akzo Nobel* Loy petttivles depended strongly on the resin and other components uf the coating formbhidion

But very significant improvements of fardness eowdd e ohsened. The effect on ihe wbnisiort o
sistamce of Wi Cnatitgs was Less oler i still noticeable in peary coehiTig spstems, Also, the
~ sadificetinn enrres good oo peatibility awith the vesin i thutt the acsthetic properties of the
wgtieg {elass amd hute] are nor conprised,
Addition of silica particles o cierborne wond lacguers enbunces the groin structure in o
mrnar similar to soleemiborre lacquers,

‘ INTRODUCTION

Tn the pasl, there have heen numerous investigations on the use of silica
nanc-particles in rexin-based systems. Waler-lree systems of silane-maodilied
colloidal silica particles have been found to enhance the mechanical proper-
ties of roatings.? Silane-modified fumed silics bas been used to enhance
coating properties.” Organcsols have heen used to improve scratch resistance
in clear coatings by surface enrichment® Aquecus colloidal silica has been
utilized in copolymenization of resins,” and copulymerized colloidal silica
resin hybrids are also used to enhance a variely of coatings properties like
hardness. anti-blocking, and reduced dint-pickup.® Silica particles made trom
TEOS hiave recently been investigated in copolymerization of hybrid coatings
where hardness and adhesion properties were found to be improved.” Non-
surface maodilied colloidal silica has been tested is a nano-liller in latex coat-
ings with encouraging results concenring imechanical properties.® However,
there ave been very fow studies done on the use of silane-madified waler-
liased colloidal silicn used in formulaiions of walerbome coalings.

Prazantes g7 the 2007 FusureCoat! Covference, spoisored by Federation of Seciet’es tor Coztings
Technalouy, 1 Toranmn, et Cataca, Ockeber 3-5, 2007,
*445 RO Hobws, Sweden,

44 Felruary 2008 JET Coatings Tech



Recently, there has Leen greal inlerest in such parli-
cles in waterbome lacquers since they often provide
benefits like anti-blodking and *anfeverung” in acrylic
emulsion-Tased wood coatings. [t is also very desitable
to improve mechanical properties. such as hardness
and] abrasion resistance, of coalings. 'l Lhis end, highly
crosslinked systerns Tike twe-pack, or 2-k systems are
often required. Addition of colloidal silica disperyions
to waterhbome lacquers pronvides coatings with excellent
wechanical priyperlies.

Conceniraled epoxysilane-moditied colloidal silica
in the torm of aqueous sols is one of the most readily
available sources of nano-particles for the coating area,
Such sols are chiracterized by high solids content, up
1o at least 5000 by weight of silica depending on parti-
cle size, which ranges from about 3 to 100 nm. Com-
pared with conventivnal silica sals, silane-modified
colloidal silica provides greater stability wowards aggre-
gation and gelling, both as 13 and in latex-based coat-
ing fonmulations, '™

Finally, from an environmental poin of view, it s
advantageous e use colloidal silica in latex-based coat-
ing formulations, Less resin will be needed as it is par-
tially replaced by silica, with accampanying tower
amuounls of VOO Soller resins can be used since silica
addition will improve their mechanical properties o
the level of those of harder resine, olndating the use of
potenlially hazaedous (Glm-lorming agenls such as
MNP or glyeol ethers,

EXPERIMENTAL

2-K Sysfems

The varnish formulatons are delailed in liables 1 to
& Product welghts are given in grams. The vamnishey
were applied by meany of anoappicator on aluminam
sulusloates abdry M thicknesses between 40 and 50
nm. Persoz hardnesses were measured after the follow-
ing duving times; 1 day, 7 days, 2 weeks, and 1 ronth
at arnbient temperature. Gloss Measuremelits wele per-
formed after 30 days of diving, Fefore testing. all the
samples were cotclitioned wt 237 and 50% R | during
24 houes. The resislances 1o abrasion were also deter-
mined by means of a Taber abraser atter 30 days of drey-
ing at ambient termperature. The addition ol colloidal
silica was 0, 10, and 20% by weight calculated as dry
silica based om dry resin,

Materials
REass: Vhe tesins used are shown o fable 9.
Haroeners: |[lacdeners used included:

* [hodocoat X TZ-DM0 [a water-dispersible
aliphatic polyisooyanate)
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# Bhodocoat X L2-3501 {a water-dispersible
atiphatic polvisocranate; more hvdropliolne than
Rhodocoat ¥ FX-D401 )

S Silane-merdified colloidal silica dispersion:
Bindzi1® CL30; eposy silane-moditied colloidal silica,
1.40 GPIMS/nm” colloidal silica surface, pIl 7, parlicle
wiwg: 7 N, silica comtent 30 wit%n,

Lacquer Formulations— Two-Pack Systems

Lacquer formulations for the two-pack systems are
shown in Tables 1-8.

Gloss and Haze

Closs {20 ] was measured of coarmgs applied on
alwminum plates afer 30 days of drying at amblent
temperaiure. Llaze index, defined as a gloss difference,
was calculated from gloss measurements at 207 and
B following ASTM 1 4039 et (rellection haze of
high-gloss surfaces).

Hardness—Persor Hardness

The handoess of the dillerent varnishes was deter-
mined by means of a “Persoz pendulum"” according to
ASTM Dy 4366, The ploss of the varnishes was deter-
mined as the average of ive measuremenis.

Abrasion Resistance—Taber Abrasion

The esistance to abrasion of the different varnishes
with and without addillon of epoxy silane-modified
eolloidal silica applied on aluminum plates was deter-
mined by means of a Taber alimser [ollnwing ASTM
T} 4060, The 1est was perlormed after 30 days of dry-
ing al ambient temperature. An abrasive wheel, C517,
under 1 kg load was usedd. The weight loss of the sam-
ples was measurad alter 1040, 500, and 1004 revolu-
tinns. I he weight loss was determined as the average
I:Ifﬁ‘.-'ﬂ MEASLTETMETTS, n ROITTIE: AN, ll"ll". lesl was
stoppredd Belfore 1000 revolulions were reached due
o delamination of the films or due to local substrate
braring.

RESULTS AND PISCUSSION

Compatibility—Gloss and Haze

‘The resulls of gloss and haze measurements are
given in Tables 10 and 11, These results are very depend-
ing on the resin used. Bor two ol the resins, Mo, 2 and
N0, 3, there is a big decrease in gloss when silica nano-
particles ave added to the resin. For the other resins,
there is lillde or no change in gloss or even an increase
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Table 1—Frormulation for Resin Ne. 1

Table 5— Formulztion far Resin Ma. S

Fesin Ha, 1 Refarampe 08, Sit, B 5ill, Resin Ho. 5 Raferanca 10%: 5il, 0% 5il,
01 Seralus 741 . v ool 100 100 10 L1 Setalox &5100 ... ... ... 100 100 100
Bowanel PFNB ..o 2 .81 281 Snleessu 100 ..ol u e %,14 214 214
Gowancl OPM . oL oo 2.81 281 281 Buty. acetate ..., ... ... 510 5.19 5.19
TINSTAR &L 277 Butyl giyeol aceate oL L 450 4, b LAk
{19 ds Solvesso 100% .. .. 100 L.00 1.08 TIMATAR BL 277
Bind=l CC30 ... h| 14,853 0,66 (1% ds Solwesso 2000 © . . 1.00 1.00 1.00
. Bindal CC3OD L0 o0 e s on o ] 14,48 28.06
L2 Rhodocoat ¥ FP-N401 . .., 21,85 21.85 21,85
[2 Rrodocoas X EZ-D4070 ., ., 4317 43,17 43,17

Table 6—Formulation for Resin No. 6

Table 2-—Farmulation for Resin No. 2

i ! Refi S0, s &0

Resin Ko, 2 Reference 16 5, 2% 50, Feonho ErEne e e
01 Selalux 6511 ....... .. 100 100 100
Ch Setalux 6756 .. ... .. .. 100 100 100 Butlglycol. by b e
e DA hcomens - oo L) L) L Butyl avelale . ......... 2.83 283 283
Dnlﬁncl D.FM """""" el LEl 1.08 Butyl nlyco. aostete ... ... - .24 n.ac 034

TIKSTAB BL 277 _ IINSTAB BL 277

(1% ds Sowessa my ... LG 1.00 1.00 {19 ds Salvessa 100% . .. . . 1.00 - o 100
Binddl 0030 . ... .. -Ssii 0 137 £7.58 Bindzil €030 ............ O 16.21 32.42
C2 Ritodocnat ¥ EZ-D401 ... . 20,33 20,93 20.33 e T . 45,08 .08

TEIJLE 3—Formulation for Resin No. 2

Table 7—Fermulation (or Resin No. 7

Resin Mo 3 Refarenes 10% 310, 20% 5ild,
il b il
C1 50tae B0E2 . uveinn. 100 190 100 Resin NI efeience b3, goedd,
Butw'ghyral ool 210 ?.19 q.1% £1 Mensar E-180 o oo oo s. 200 100 200
Dowveanol BPrE oo o o u ot s 3L 334 334 Buty.diglyzol 300 .00 5.00
Butyldigleel oo oL 483 493 9% TING 1 &E HL 2'."1‘ """""" i i i
TINSTAR BL 247 (1% ds Sobesso Z60) ., . - .00 1.00 1.00
(1% s Sobeesso 1000 .. ... 1.00 1.00 Laon Bindzil O30 i 1.3 2276
Bindzit CC300 .. ... 0w w00 15.17 1 - '
- - ceea £S5 . 32
€2 Rondorpat & F7-Da01 _, L. 2736 M 2236 = haaaon- 4 EEMCRL — - -3

Tahle 4—farmulation for Resin Na. 4 Table 8—rormulation far Resin Mo. 8

Resin Ho. & Refersnce  10% $10, 20% SiT, Resin Mo, 8 Refermnce  10% Sil, 20% i,
N C1 Weorez R-2335 ... ..... 100 100 100

e i o 10 L Ogwanol D#nB ..., ... ..., B.0O0 B0 600
Dawaral DFNE .. ... . .- 6,60 6,60 B6.60
IL451 B BL 277 TIHSTAB BL 277

(1% ds Solvesso 100) ... 1.09 1.00 1.00 .[1’."... d= Solvesso 1007 . .. . . 1.00 1.00 1.00
Bindzil (36 ... ..., o 15.17 30,34 Binezl €030 ..o oo ¢ 1747 s
2 Rhodacoat ¥ EZ-D401 . .. . 2236 72,36 EER (2 Rhodocoat X F7-M301 ... . 487 8.7 a8.¥
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Figure 1 -Peisaz hardness in functinn of coating comoesition and dry-
ing time at ambicnt temperature.
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Figure 2---Persnz hardress in furction of coating composizion and diy-
ing time at anbient tempe-ature.
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Figure 3 Persoz hardness in function of coating compesition and dry-
ing time at ambient temperature,
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Figure 4—Parsnz hardness in function of coaling composition and dry-
ing time at ambient temperature.
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Fqure 5—Persoz hardness in function o ceating composition anc d--
‘g time at ambient temperature,
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Figure ?7—Persoz haidness in function of coating composition and dry-
ing time at ambient temperature,
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in pgloss upon silica addirlon, indicaling geed compati-
biltty of the silica with the resin.

Hardness—Parsoz Hardnass

Cvolution of hardness as a function of drying dme
and coating composidon s presented for the differemt
reging in Fignres 1-5 The mean hardness values for
each varnish are noted on the dillerent graphs.

The effect of silica addition seems w be mosl pro-
nouneed for resing No, 5-8, Tor these resins, the effect
ol epogysilane-maodilied colloidal silica i mosl pro-
nounced for the 20wt silica addilion 1w the resin
{dry om dry). There is no propordonality between the
amounl of added Inoreanic particles and the properly
response. To achieve good improvement in hardness it
is irnprottant to have good interaction, crosstin kg be-
lween the resin and the silica particle, as well as to
build a stracture, like a skeleton, of silica in Uwe resin
matrix. Insuch cases it is possible to significantly im-
prove the mechanical properlies even at low silica addi-
tions.'?

With the exception of resin No. 1, and in particular
(oo eesin o 6 acddition of 20w of epoxysilane-

Jable O—roviny

Figure 8-—Peisaz hardness in function of coating compositon and dry-
ing time at ambient temporatune.

Resin Mo, 8
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maoditied silica improves the hardness of the coatngs al
all dirvicys limes studied. The increase in hatdness was
particularly nolceable al sharer drying tiines. Silica ad-
dition accelerates the development of e {inal hard-
ness Of the [lms, which is probably due to increased
interacions/crosslinking between the components of
the systeim, e.g.. resin No. 8 with 200 silica addition
will reach the ultimate hardness in seven davs instead
ol 28 davs.

The swface of the epoxysilane-modified silica pari-
cles contains diol groups, which can reacy/crosslink
wilh cathoxyl, hydroxyl, and isecyanate groups on the
arganic componenis ol the systern. Addition of silica 1o
the acrylic binders 2 and 4 inceases hardness consider-
alrly less than it dows for the acmvlic polyol binders 5
and 6. Lhe polvol component of the Tatler type of
binders contribanes more reactive groups (o the system
than The pure acrylic bindems 2 and 4, Taor vesin No. 4,
the hardness Improvement is insignifcant ar nomexise-
cnt at all diving times at 20% addition ol silica,
whereas 10% acddition cases o modevate increase of
hardness. 'The seemingly inconsizient response of hared-
ness to the amount of silica added may be due (o ag-
gregdle [orroation. Albowve s certain eritical concentra-

Resin Mo, Type = Lombant ()
il ncanoc Selalux 6741 Acrylic 3%
Fl o8 Setalux 6756 Acrylic 4%
L) e Setalus 6762 Slyrens-acrylic 46%
4 L. Setaluxn 6778 Acrylic H4%5
ST Setalux 6510: Acrylic polyol A2%
& ... .. Setaluz 6511 Acrylic polyal 47%
T o HeaPac E-180: Aciylic-PU 4%
B oL, NecRer-2135: P ERb
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Huiite
pH &
pH 8 Sufactart Mres, sel*-crusslinking
EH &
zH39 Gradient parlicle reophology, self-crosslinkirg
7H 2 Acid valuz: 7.5 -9.9 mg KOH/Ag
il & beid value: 6.6 -3.5 my KOH/ g
FH 2 Lopolymear
pll = Aliphatic PU dicpersich
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Figure 9—FResin No. & with 10% 50,

Figure 11—Resin Ho. & with 10% Sic..

Figure 10—Resin Mo, 5 with 20% 5il,,

Figurz 12—Resin No. & wilh 20% S0,

50 February 2008

lated or enriched at the binder-air
inkerface. However, tn contrast 1o
Lhe sitnation wich eesin Mo, 5,
Figures 11-13 show that the silica
particies bave clustersd around the
draplels of the polyisocyanale hard
ener, perhaps preventing them from
reacting effectively with the binder,
There is no enhancement of the
abrasion resistance at 10% and only
maodest improvement at 2% silica
addition om resing s might be ex-
pected from poor inleraction be-
tween the silica and resin. On the
crlbver hand, the eilTect of the silica
particles on the Perace hardness
while small or non-cxstent at 109%%,
i cquile Targe al W94 addition of sil-
ba. Lhe increase in hardness of the
resin by the larger aggrepates of sil-
e particles ar 20% silica addition
may theretore be analogous 1o Lthe
observation that aggregation of
nane-parliches leads tor ingrease in
Young's modulus, especially by cre-
ating some occluded volumes in the
malrix which augment the effeclive
fraction of nano-tiller*

Anfevarung—-Enhancemeant of
Grain Structure and “Anfeuerung”
by Wood Lacquers

Tt has heen reported 1o literature
that celloidal silica in waler Dased
wood coatings comprising colleidal
silica, omganosilane, and latex emul-
sicany can penetrate inle the wood
substrate.’® As indicated in HNguwe
14, that addition of eposysilane-
medified 7 nmsilica pardeles 1o
veaterbome one-pack coating for-
mulations conkaining acrylic
binders enhances and complements
the wood grain stucture by so-
called “anlevernng, ™ giving ao ap-
pearance similar to solvent-based
coatting sysleons. This valuable aes-
thetic effect ran be expecied 1o be
present also with waterbome two-
pack coating sysleins Tased on
acr¥lic binders to which silica parti-
cles have heen added, combined
willl the excellent mechanical prop-
ertes characteristic of such sysiems.
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Figure 14—1-K water-based lacquer formulated on resin No. 2 without
(left) and with (right) 20% Si0, addition of epoxy-silane modified col-

loidal silica.
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