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ESH Testing and Evaluation of New Chemicals

New Substance
/ N\,

Chemical formulae the same as bulk materials.
Using existing CAS number.

REACH only applies over 1 tonne.
Nomenclature issues.

N\

r

Physico-chemistry changes with particle size.

Physico—chemical) Toxicity

Ecotoxicity

Reference materials and chemical standards.
Dose-response relationship holds true?

Surface Properties: capacity,

Toxicity test design (what solvents & end points?)

affinity, rate expression, and activation enerqy.

v

Hazard ldentification

Measurement of environmental concentrations of
engineered nanoparticles are lacking.

No effect levels for human exposure?

Reference dose for population level hazard?

v

Risk Characterisation

Not enough data for a probabilistic approach yet.
Risk to the general human population?
Uncertainty needs to be reduced.

v

Risk Management

Too late for a moratorium, nanomaterials are in use.
Build product data bases to identify producers.
Benefits known, risks mostly unknown.

Handy, R.D., Shaw, B.J., 2007. Toxic effects of nanoparticles and nanomaterials: Implications for public health, risk
assessment and the public perception of nanotechnology. Health Risk Society 9, 125-144.
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Absorbance

ETIR Application on Quantitative A

Measurements

3500 3000 2500 2000 1500
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Bordiga, S et al., 2005. FTIR adsorption studies of H,0O and CH;OH in the isostructural H-SSZ-13 and H-SAPO-34:

Zeolite Catalyst
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(a) zeolite oxygens O-H bonds, v (O-H, ) - 1355

cmi,

(b) unperturbed O-H bonds in H,O, v (O-H, ) -

3670 cm,

(c) O-H bonds being involved in weak H-bonds to
zeolite oxygens, v (O-H, ) - 3560 cm,

+ (n-1) H,0

formation of H-bonded adducts and protonated clusters. J. Phys. Chem. B 109, 7724-7732.

H,O clusters
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Objectives and Method Approach

Objective: Characterization of the surface sites on nanoparticles that
contribute to concentration, retention, and enhanced transport of
toxic chemicals.

Method approach: Surface hydroxylation (adsorption and
desorption of contaminants).

Materials: SiO,, HfO,, Supplier APS*
and CeO.,.

Parameters: Oxide type,
particle size, temperature.

(reported by supplier)

(nm)

CeO, | Sigma-Aldrich 20
Results: Capacity and _ _ _
energetics of capture SIO, Sigma-Aldrich 10-20
and retention of HfO, | Sematech 20
contaminants on
active sites. HfO, American 100
Elements
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Schematic Diagram of the Experimental Setup
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Heating Element Design

Voltage Input
FTIR chamber Temperature probe
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Diffusion

@ Sample holder

Schematic Diagram of the NP Sample Holder
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Mechanism of Multilayer Model

Adsorption rate coefficient Desorption rate coefficient
_Ea _Ed
ko = kaoexp(ﬁ) kqa = kdoexp(ﬁ
Adsorption activation energy Desorption activation energy
Cso — Cs Cs Cso — Cs Cs
E,=E, —~———+E, — E,=E, % S, p 5
a aq CSO a, CSO d d1 CSO dz CSO
1: Chemisorption 2: Physisorption
H H H H H H
| on| oH| oH| oH| oH]
0 o | o |o | o | o |o
\ 7 7/ /s / /s v
Si Si Si Si Si Si

/N /N /N /N /\ /\
J 00 00O 0O 0O 0G0 O
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Process Simulation for Data Analysis

Adsorbent concentration in the gas phase:
0& _p 04C,
ot ¢ 0x?

Diffusion term  Adsorption and desorption term

3
+ (1 _ 8); [des _ kan(SO - Cs)]

Adsorbent concentration on the surface:

dC
— = kan(SO — Cs) — kqCy

dt
C,  concentration in the gas phase, gmol-m3 S, maximum capacity of the surface, gmol-m
C, concentration on the surface, gmol-m- & packing porosity
k, adsorption rate coefficient, m®-gmol-1.s r radius of nanoparticle, m
k, desorption rate coefficient, s D, effective diffusivity, ms*

Gas Phase

o $od Y

>

Substrate
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FTIR Spectra of Moisture Adsorption on NPs
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Comparison of Adsorption Profiles of NPs
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Observed Activation Energy for Adsorption,

Observed Activation Energy for Adsorption,

E, (kJ/gmol)
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Activation Energy of Surface Processes
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Moisture Retention (%)
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Effect of NP Material and Size on Surface

™~

Retention

SiO,, 20nm
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Time, t (min)

The surface retention characteristics depend on the material as well as on the particle

size.

The affinity of nanoparticles for adsorption and retention decreases in the order: CeO,
> HfO, > SiO,. The surface available sites under certain challenge concentrations

200

Moisture Retention (%0)

decreases in the order: SiO, > HfO, > CeO,,.

Nanoparticles with smaller size will have larger density of surface sites and larger
surface retention capacity for most cases. They also have higher affinity for retention of

contaminants.
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Parametric study of Species Effect

Maximum capacity Saturated surface Fractional coverage
S, (gmol-m-?) concentration 0 (%)
C; o (gmol-m-2)

Sample ka, 0 kd, 0 Ea, 1 Ea, 2 Ed, 1 Ed, 2

(20nm) (m3-gmol-t-s1) (s (kJ-gmolt) (kJ-gmol?t) (kJ-gmoll) (kJ-gmol?)
SiO, 0.003
HfO, 0.200 0.010 0.8 0.3 12.0 1.0

CeO, 0.800 0.003 1.2 1.0 9.0 2.0
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Parametric study of Size Effect

Sample Maximum capacity Saturated surface Fractional coverage
S, (gmol-m-?) concentration 0 (%)
C; o (gmol-m2)

HfO, (20nm)
HfO, (100nm)

Sample K, o Kqg. 0 E, E

a,2 Ed, 1 Ed, 2

(m3-gmolt-st)  (s1) (kJ-gmol?) (kJ-gmol?l) (kJ-gmol?l) (kJ-gmol?)

HfO, (20nm) 0.010 0.8 (
HfO, (100nm) 1.29 0.035 0.6 0.4 6.0
S

1.2
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Separate Domain Process Simulation

Nanoparticle

Nanoparticle Domain

Adsorbent concentration in the gas phase:

anin 10 Zacgm
7 - Deinr_zg (T 7) + [deSin a kanin(SO - Csin)]

<SP

Adsorbent concentration on the surface:

dC.. |
Sin — kanin(SO — CSin) — deS Sample hOIder SI:_

at in y
Sample Holder Domain wlga
Adsorbent concentration in the gas phase: gt
aC 9%C C, %
égout - Deout gzout - Dein —n |7'=7‘04'T”'02N17 A TT——
t dx T > X
x=0 x=L/2
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Numerical Method

+1
0, _ Cii - Cgh
Jt At

Discretization

92C, 1(ClMI—20 T+t
Forward Euler Crank-Nicolson dx2 2 Ax?
Method Method N Colier — 2C5; + Cliq
Ax?
1
Cy =73 (Ct+CFh), Cs = C.
alAt _ 1 alt _ alAt _
CI'tl + [ (6CM — At — — — 1]C Y + —— CH
: 3 3 2 A2 g.i+1 2 S0 Ai2 g,i 2 A2 g,i—1
Linearization aAE . B
= "o Cg,i+_1 + =560 — VAt + =
Next Time-step Triangular Matrix —m QAT .
Estimation Solver ~ UCqi — gaz2 Coima — ALBCsy

n
N\
n+1
n-

}

AN Cn+1 /

s,in

f

Iteration ‘

Update the new Update new value
value for C, ;, for k,, ky and so on
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Special Absorbance, I

Comparison of Adsorption Profiles of NPs
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. Effect of Temperature on Surface Retention\

HfOz, 20nm
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Moisture Retention Percentage
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Adsorption Activation Enerqy of Surface Processes
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Desorption Activation Energy of Surface Processes
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NP Porosity Study

HfOz, 20nm, 25°C
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Parametric study of Temperature Effect

Sample Maximum capacity  Saturated surface  Fractional coverage
(20nm) S, (gmol-m-?) concentration 0 (%)
C; o (gmol-m-2)

HfO,, 25°C
HfO,, 55°C
HfO,, 80°C

Sample Ka o | E.. | Eg1 Eq,»

(20nm) (m3-gmol-t-s1) : (kJ-gmolt) (kJ-gmol?) (kJ-gmoll) (kJ-gmol?)

HfO,, 25°C 0.0025 705\ /£150\ [/ 24\
HfO,, 55°C 0.03 0.0025 5.0 ( 28 1 ( 2151 1 201
HfO,, 80°C 0.03 0.0025 5.0 W48 1 ool 11!

~—— = ~——
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Summary and Conclusions |

H H H H

- Hydroxylation is a powerful method for characterization of
ool ol e capture and retention (adsorption/desorption) properties of
NPs.

The surface retention characteristics depend on the material as
*F well as on the particle size.

The affinity of nanoparticles for adsorption and retention
decreases in the order: CeO, > HfO, > SiO,. The surface
available sites under certain challenge concentrations decreases
in the order: SiO, > HfO, > CeO.,.

Nanoparticles with smaller size will have larger density of
surface sites and larger surface retention capacity for most
cases. They also have higher affinity for retention of
lj contaminants.

v/

SRC/SEMATECH Engineering Research Center for Environmentally Benign Semiconductor Manufacturing




and Conclusions 11

Purge under the higher temperature will reach the same
baseline more faster.

The affinity of HfO, under different temperatures for moisture
retention decreases in the order: 25°C > 80°C > 55°C. The
saturated surface concentration under certain challenge
concentrations decreases in the order: 25°C > 55°C > 80°C.

The adsorption and desorption activation energy of moisture on
HfO, decreases in the order: 80°C > 55°C > 25°C.

Higher NP porosity will increase the diffusivity inside of the NP,
and it will have higher desorption rate.

oL B L B .k

. s £ ;
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;
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Keep on studying
the surface
properties of

different NPs under
various
temperatures

Future Work

Upgrade the
experimental setup
to increase the
energy of the IR
light to get more
intensity of
absorbance

Upgrade the
numerical model

for porous NPs and
Increase the
efficiency
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