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Your interests HORIBA

¥ mMill control
¥ mEffect of size on antimicrobial activity and
toxicity

¥ W Sizing below 20 nm

¥ W Dispersing TiO,
B Pigment analysis

¥ mDifferent technologies

¥ ®% Nanoparticles, number concentration
B Advice on choosing TiO, grades, efc.
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Featured technologies A

mLA-950/LA-300

Laser Diffraction

mSZ-100

Dynamic Light Scattering & Zeta Potential

B CAMSIZER & CAMSIZER XT

Dynamic Image Analysis

HPSA300

Static Image Analysis

HSA-9600

Flowing Gas BET Surface Area
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LA-950: Laser Diffraction HORIBA

M Particle size performance leader
® Ninth generation

B Ultra durable

M |owest total cost of ownership

B Suspension, emulsion, powder,

paste, gel

B 10 nanometer — 3 mm
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SZ-100: Nanoparticle Analyzer™®™="

M Size: .3nm-8 pum
® 90° and 173°
B Zeta potential: -200 - +200 mV

® Patented carbon coated electrodes
B Molecular weight: 1x103 - 2x107 g/mol

Nanoparticles Lo purtlca

: SZ-100 series
*Colloids

Proteins m & F

Emulsions -
Dispersion stability '
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CAMSIZER: Image Analysis HoRBA

M High resolution size & shape
M [ntelligent sieve correlation
B Patented dual capture

B 30 micron — 30 millimeter
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The Many Uses of TiO, HORIBA
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Properties Dependent on Particle Size"'OR'BA

B Hue/Tint Strength

B Hiding/Transparency
B Gloss/Flatting and Film Appearance
® Flocculation
B Viscosity

B Stability §
® Weather resistance e tun
B Photocatalytic activity

B Air / liquid remediation

Gloss vs. % > 1 um
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TiO, Commercial Data Sheet "2%*©"

Particle Size Distribution (Horiba Laser)

Figure 1.
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Fon DuPont™ RPD Vantage® rutile paper dry titanium
dioxide delivers improved opacifying value for
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| h
coating and wet end paper applications.

Frequency

N Key Features
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Particle Size, um * Superior pigment dispersion
» Highest opacity/hiding power

Particle Size
Particle size and distribution are important con-
tributors to light scattering by diffraction. Figure 1
shows the RPD Vantage® particle size distribution
compared against anatase. The lower median
particle size (D50) and the narrower geometric
standard deviation (GSD) of RPD Vantage®
et combined with the higher refractive index of rutile
result in the highest scattering efficiency.
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Crystal structure of Anatase titanium dioxide Crystal structure of Rutile titanium dioxide
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Effect of Size on Hiding Power??%"=4

Relative scattering power

0.0 025 050 0.75 1.00 125 150 1.75

Relative scattering power Opacity of TiO,
rutile TiO,, vs. size mean 0.25 and 10 ym

0.05 0.1 0.15 0.20 0.3 0.5 0.8
Size (diameter) in ym
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Effect of Size in Sunscreen  "2%EA

B As median particle size increases...
® AL* decreases, i.e. becomes whiter
®in vitro SPF decreases, i.e. sunburn faster

® Absorption cross section shrinks, i.e. absorbs
less efficiently across multiple wavelengths

Full document available from Evonik’s website here: http://personal-
care.evonik.com/product/personal-care/en/media-
center/downloads/publications/Documents/2013 05 Titanium_dioxide
_particle_size vs sun_protection_performance_ CT.pdf

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific

© 2014 HORIBA, Ltd. All rights reserved.



Evonik Sunscreen Study HORIBA
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Effect of Size in Photocatalysis'“™""

B Ti0O2 photocatalytic activity useful in
many applications
® Antimicrobial coatings

® Pollution control (noxer blocks, wastewater
remediation)

® Possible explanation for superhydrophilicity
(defogging and self-cleaning glass)
B Photocatalysis generally improves as
size decreases - surface area and
SA / Volume increases
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TiO, Superhydrophilicity HORIBA
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TiO, Measurement Procedure %4

W Decide wet or dry analysis

B Choose technique: typically laser
diffraction, sometimes DLS, others
® Next HORIBA webinar! Thursday, April 24

® \Wet: disperse sample using surfactant and
ultrasound
® Method development using Method Expert

B Dry: Use smallest nozzle, highest air
pressure, feedback control
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® Unique guided method development

B Optimize parameters

B Choose the best refractive index

® \\Vith TiO2 RI well understood, this is useful for
coatings, etc.

B Create “one button” SOPs

Graph Summary | Distributions | D90,050,010 | R Parameter |
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DuPont Ti-Pure Procedure  "9%EA

M Pyrophosphate anion

B Kodak Photo-Flo 200 surfactant

M Significant time (30+ mins.) to disperse

M Designed to use with the HORIBA
LA-series particle size analyzers

B Spec’d on D50 and GSD with less than
1% tolerance at 95% CL

Full document available from DuPont’s website here:
http://www2.dupont.com/Titanium_Technologies/en_US/tech_info/t
est_methods/PARTICLE_SIZE DISTRIBUTION_ OF_ RPS.pdf
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Importance of Sample Prep  HOREA
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Dry Analysis of Two Samples ™27
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Measure Powders as Powders"'2R"BA

......

E B Simplify
o . dispersing
=\ 4 ... mQuick, easy,

= e [ B Measure in

B - natural state

for more
actionable

i L results
| ® Lower costs
Webinar TE016: Optimizing Dry Powder Measurements
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Wet vs. Dry HORIBA

hMean Size
kode Size
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B Farameter
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Wet
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Sunscreen with TiO, HORIBA

Mean Size : 0.21941(pm)
Median Size - 0.15503(pm)
R Parameter : 0.2560
D(v,0.1) : 0.09093(pm])
(v.,0.5) : 0.15503(pm)
(v,0.9) . 0.36061(pm)

Cumulative % on Diameter : (1)0.100 (pm)- 14.473(%)

100

Powder dispersed in
water using surfactant
and ultrasound.

Note: 14.5% < 100nm
Safety concerns?
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Measure Without Dilution HORIBA

B Concern that dilution
iIn anything but
perfect background
will change PSD

B Possible solution
with Paste Cell
accessory

B Small amount of
paste/gel/cream
between two glass
plates
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LA-950 Monitors Milling
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LA-300 Result HORIBA

®(0.1-600 microns
W Portable, rugged

M Suitable for micron-range
dispersions
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TiO, Size & Zeta Potential on SZ-100
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Zeta

100 150 200

potential

Date : mardi 13 mars 2012 13:40:23
Measurement Type : Particle Size
Sample Name : Tio2 P2
_ Scattering Angle : 173
* Temperature of the holder 248 °C
Run duration : 60 Seconds
N Representation of result ! Scattering Light Intensity
= || |count rate : 1766 kCPS
a |||Calculation Results
E Feak Mo. | §.F.Area Ratio hean 5. 0. hode
=] 1 1.00 S57.4nm | 998 nm | S46.Enm
2 === MM --- M --- M
= == M === MM === MM
Tot=l 1.00 SET.1 nm S99 nm SA4E.E nm
Cumulant Operations
Z-Average : 566.7 nm
Pl : 0.047

note: Intensity distribution

Measurement Results

Date

Measurement Type

Sample Name

Temperature of the holder
Viscosity of the dispersion medium
Conductivity

Electrode Voltage

Calculation Results

Feak No. | feta Potertial | Electrophoretic Mobility
1 -84 mh 0000375 crZivs
2 - - Cm2MNs
2 - - cm2MNs

Zeta Potential (Mean)
Electrophoretic Mobility mean

oH=7
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: jeudi 23 février 2012 10:50:08
: Zeta Potential

:TIOZpHT

1250 °C

: 0.895 mPas

: 0.105 mS/cm

134V

: <48.4 mV
: 0.000375 cmi/Vs
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Summary HORIBA

M Particle size plays critical role in the
performance of many TiO, applications

® Hiding strength — pigment

® \Whiteness & SPF — sunscreen

® Antimicrobial efficacy — coatings

® Photocatalytic efficiency — pollution control

B TiO, (and related) applications extend
from nanometers to millimeters

B HORIBA has the expertise and
technology for every TiO, application
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Particle Characterization Home + Scientific + Products + Particle Characterization

Environmental

Particle Characterization

HORIBA designs, manufactures,
and supplies state of the art
particle characterization
instruments:

Every instrument across the five

business segments must meet

stringent requirements before the

HORIBA name is attached. The Particle Characterization group of analyzers
_has incomorated this_orincinle into sach. new desian since entering the
business in 1979. Relentless innovation united with high performance to
attain the ultimate goal: a new standard in usability.

Particle Characterization Products

HORIBA offers instrurnents for particle size, particle shape, zeta potential, and
surface area analysis. Measurable particle size range is from 1 nanometer to
30 millimeters, at concentrations ranging from 1 ppm to 50 vol% with shape
determination available starting at 1 micrometer. A range of analytical
technigues are employed including laser diffraction (Mie Theory), dynamic light
scattering, acoustic and electroacoustic spectroscopy, and dynamic and static
image analysis. (measuring both paricle size and shape information).

HORIBA's advanced designs and powerful software, combined with flexible
sample handling systems are available to meet every analysis need. These
instruments can incorporate small volume pumping systems for precious
materials, high throughput automation, dry powder dispersers and
temperature controlled flow systems in order to provide the user with the best
possible solution with none of the trade-offs that might otherwise be
necessary.

Particle Size

o Laser diffraction
o LA-950V2
o LA-300

o Dynamic light scattering
a 57-100
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