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Life Cycle of Inadvertently Produced Nanoparticles
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Detailed Understanding of Particle Formation
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INSTRUMENTATION ENABLES NP STUDIES

 Workhorse Electrical Moblility Measurement (SMPS,
NanoDMA: ~ 10 nm)

e Low size resolution CPCs (can count ~ 1 nm)

» Fast DMAs (down to sub 1 nm) [Anal. Chem., 86:
7523-7529 (2014); J. of Aerosol Sci., 71(1): 52-64 (2014)]

 Portable Size Distribution Measurement: Nanoscan,
PAMS, DISCmini

e Time of Flight Mass Spectrometers [Atmos. Chem. &
Phys., 13(2): 3345-3377 (2013) ]

« Tandem DMA — Mass Spectrometers
e LIBS, LIl — Composition Analysis

e Bring to bear Nanomaterials Characterization Tools
(BET, AFM, HRTEM, SEM, XRD, Raman, etc)



MECHANISTIC PATHWAY OF PARTICLE FORMATION

DURING OXY-COAL COMBUSTION
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Oxy-Coal vs Air Combustion: Air vs. 21%0,+79%CO,
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When AIR is replaced by 20%0,+80%CO.,:

O Geometric mean particle size decreases from 40 nm to 29 nm
O Total number concentration decreases from 6.4 x10* to 3.9 x10*

O No effects on particle shape

(Submicrometer Ashj e [Submicrometer Ashj
AIR 02-CO2

Coarse Ash

Energy and Fuels, 20 (6)
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, 2357-2363, 2006
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*High CO, conc. delays devolatilization
process due to thermophysical properties
of N, and CO,

*Flame temperature higher in Air (2311 K)
vs CO2/02 (1722 K)

- Cp: N,=20.78 kJ/kmol-°C, CO, = 58.84
kJ/kmol-°C

- Doono= 1.7x10* m?s; Dgyjcoo = 1.3x104
m?2/s

*High CO, conc. delays vaporization
via reduction of metal oxide

MO, (s) +C0(g) o Mo(n—l) (9) +C02(g)

(n-1) (q) +0.502 © MO(g) - MO(S)

Washington University in St.Louis
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Pathway of Particle Formation: Organic & Inorganic
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ORGANIC CONSTITUENTS IN NP FROM COAL

OXYGEN / COAL RATIO
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AMS and TAG-GC ANALYSIS
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Chemical Composition of Particles: Coal Combustion
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ESPS: How good are they to remove NPs ?
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CAPTURE CHARACTERISTICS IN THE ESP
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CHARGED FRACTION OF COAL COMBUSTION PARTICLES
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CORONA INITIATION VOLTAGE (POSITIVE VOLTAGES)
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Comprehensive Charging Model: Apply to ESP

m0c; 52 exp(-U (8)/k,T)

Attachment coefficient ﬂi (v,q) = 5
L exp(-U (8) /eT) o’ 90'°n5 [ exp(U (al y) /K, T)dly
Photoelectric yield coefficient I 7 a
Thermionic yield coefficient ]/+ (V, q) _ BT? exp(_ CDlEV_i_q)) 47Tea
B

Spatio- temporal number concentration of particles with size (volume) v and gq elementary charges at location x and time t

—(n(vqxt)) B (v,q-1N;n(v,q-1,x,t) - B (v,q)N:n(v, g, X,t)
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—V-n(v,q, Xt (v,q) + V- n(v,q, X t)[z V)(V - u)u]+ D(V)V°n(v,q, X,t)
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(g X0 Y [ A W)@, s kv
| Jiang, Lee, Biswas: J. of Electrostatics,65, 209-220, 2007.
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PENETRATION AS A FUNCTION OF SIZE
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SXC — ESP: ENHANCES NP CAPTURE

SOFT X-RAY ENHANCED CORONA SYSTEM
ENHANCES NANOMETER SIZE PARTICLE CAPTURE
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SXC-ESP COLLECTION EFFICIENCY
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Capture efficiency at different particle diameters

from 10 —225nm (O=10 Ipm
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Capture iIn ESP at Various Pressures
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« Deutsch-Anderson equation gas pressure
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Washington University in St.Louis
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Fine Particle Capture in a Pressurized ESP

V-l Characteristics
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Fine Particle Capture in a Pressurized ESP

Challenging aerosols: NaCl Particles
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Capture Efficiency at Different Pressures
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Modified Capture Efficiency Equation
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e Detailed source and control technology studies for NP
are essential

 New Iinstrumentation enables detailed studies which will
help tackle potential NP problem (design new systems)

 Timing for NP study due to changing energy source mix Is
now

e Coal combustion aerosols complex: cannot ignore organic
constituents (related to inorganic constituents)

 Performance of ESP can be improved by using photo-
lonizer charging systems

o Effect of pressure on charging NPs and capture efficiency
elucidated

Washington University in St.Louis

SCHOOL OF ENGINEERING & APPLIED SCIENCE

Aerosol & Air Quality Research Lab (AAQRL)
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