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ODbjectives

e Report status and improvements of
IMPROVE carbon analyses

e Update progress on next-generation
carbon analyzer (DRi Model 20xX)



Carbon Laboratory Operations
(July 2011 to June 2012)

e Received ~1,900 samples per month (between
800 - 3292)

e Maintained 24 hours per day/6-7 days per
week operation with seven staff

e Analyzed ~21,000 IMPROVE samples per
Year (800 to 3,394 per month)

e Averaged ~3,000 samples per month in the
queue (1,000 to 4,455)

e Participated in UC Davis Artifact Study (~560

samples for December 2011, January and August 2012)



IMPROVE Carbon Analysis following

the IMPROVE_AZ2 Protocol
(July 2011 to June 2012)

Sampling Period Samples Analysis Completion
Received Date

//1/11-12/31/11 12,794 April 2012
1/1/12-6/30/12 10,850 October 2012

aChow et al. (2007) JAWMA
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Low OC and EC levels found on pre-fired
quartz-fiber filters

Acceptance Quartz Filter ID
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Improvements in Carbon Analyzer
(DRI Model 2001)

® Updated oven relay (with active air cooling) £O I"EClLICG
electrical resistance, '
ensure sufficient heat
dissipation, and minimize
outages

e Installed a new coupler (between light pipe to optical fiber) tO
ensure stability and reduce laser drift (<1 5%)

' <«— clamp locking

old coupler new coupler

1 set screw lock




Worldwide Helium Shortage Mitigation Strategy

e Current helium He) consumption is 2,500 L/day
with an annual cost exceeding $10,000

e Plans to reduce He consumption by 50% (Add new
circuit board with valves)

— Stop He-3 venting through methanator during analysis (50
mL/min)

— Toggle make-up He valves (i.e., He-3, He-2, and CH,)

e Eventually replace He with another non-oxidizing
gas (e.g., nitrogen or argon)

Gas Regulator

Helium Tanks



Implement EUSAAR-I112 Protocol In
DRI Model 2001

Temperature Residence TimeP
OC in 100% He | IMPROVE_A | EUSAAR-II EUSAAR-II
OC1 140 °C 200 °C 120 sec
OC2 280 °C 300 °C 150 sec
OC3 480 °C 450 °C 180 sec
OC4 580 °C 650 °C 180 sec
EC in 98% He/2% O,
ECO -- 500 °C 120 sec
EC1 580 °C 550 °C 120 sec
EC2 740 °C 700 °C 70 sec
EC3 840 °C 850 °C 80 sec

a European Supersites for Atmospheric Aerosol Research protocol

b IMPROVE_A residence times are predicated on peak and return-to-baseline

and range from 120 to 580 seconds.




Revised carbon analysis SOP to reflect

Improvements
(Number 2-216r3, October 22, 2012)

e Revised daily calibration schedule

Sunday Monday Tuesday Wednesday | Thursday Friday Saturday
Morning System Lab blank, Lab blank, | Lab blank, Lab blank, Lab blank, Lab blank,
(Startup; blank, lab sucrose Autocalib, sucrose Autocalib, sucrose Autocalib
7 a.m.) blank, KHP KHP

Autocalib
Evening CO, Autocalib CO, Autocalib CO, Autocalib CO,
(7 p.m.) injection injection injection injection

e Updated QA/QC activities

e Enhanced troubleshooting guide

Chow et al., ABC, 2011




Efforts in Carbon Research

e Examined data trends? between EC and filter
reflectance (ec-,) to resolve questions about
consistency after instrument upgrade (2005) with
IMPROVE_A protocol?

e Obtained NSF grant ($390,000 from Environmental Chemical
Science Program) t0 characterize source and chemical
structures of brown carbon and compounds in

thermal fractions (integrates Model 2001 with soft
photoionization TOF-MS)

e Conducted feasibility experiments for next
generation DRI Model 20XX (Enhanced optical [r=400-900 nm]

and elemental detection [c, H, N, S, 0, and m/z spectra])

e Found changes in filter mass that may be
related to organic vapor adsorption

aChen et al., 2012 AMT
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Integrated Model 2001 DRI carbon analyzer with

Photoionization Time-of-Flight/Mass Spectrometer
(PI-TOF/MS; U. of Rostock, Germany)

55 ml/min| Carbon analyzer 50 ml/min
H—y é
e
Oven Oxidizer Methanator
—_— (e e R s e ) FID
/' Ca* CO5 CO,— CH,
Sample ! ]
holder I:I \ 115""/'“'"

Pure Helium Helium / 2 % O,

L v Nd:YAG-Laser

Grabowski et al. (2012), ABC



Mass spectra of
thermal carbon
fractions from Model
2001 with Resonance
Enhanced Multi-
Photon lonization-
Time-of-Flight/Mass

Spectrometry (Rempi-
TOF/MS)

REMPI

REMPI @ 253 nm [a. u]

REMPI @ 253 nm [a. U]

REMPI @ 253 nm [a. u]
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Potential configuration for next generation
thermal/optical carbon analyzer ori model 20xx)

UV-VIS-NIR Optical Outputs:
Light Source Spectrometer Reflect ;
(=400-900 nm) (Reflectance) —> Tr:nserii?tr;%ie
Optical Spectra
Fibers o
Oxidation
O Reactor
—] . Oven NDIR CO;,
(O(Z';“O) (Cu0) » Detector — (e}
Filter Fl co-co,
Oven ow
Thermocouple Splitter
Heated Fused
Filter Loading * Silica Capillary
Push Rod Unoxidized species
L ; M
) ass
—» Mass Spectra
Flow Control 0~ Spectrometer
Network ; &
HF”Itder CHNS Reactor Oxidation >
olaer (MnOy) Oven
|—'_| »  C—CO, HoH0,  { (cuo) [ Vent —» C,H,N,S
N—NO,/N;, S-S0, CO—CO;
Four-Way
Optical Solenoid Valve
Spectrometer
s |(Transmittance) i DRI Model 2001
= g ‘ Carbon Analyzer
®) ) From . .
g T Oven | Oxidation T Outputs:
) — Reactor [-» CO,—CH, 1 FID
> C—CO; |—> C
\—Y—J \—Y—J
Calibration  Carrier/Reaction LUl Ll e el e
Gases Gases




Use annular oven to measure key
elements and mass spectra

Septum for Reflectance Dual catalytic
calibration gas Arm e ——
= \Y ( - | —
/‘ _I If:
0\ %‘Tﬁﬁﬂ |||’f'|
Sample : MnO
Cross Outlet for un Ni/C 2

oxidized fragments
Transmittance

Arm

e Allow the evolved gases to be analyzed with or without pre-catalytic
conversion.

e Two ovens contain MnO, or Ni/C catalyst for C, H, N, S, or O analysis



MS m/z = 44 (CO,*) Signal

MS m/z = 30 (NO*) Signal
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T
100% He =—@—=—98% He / 2% O,

840°C
m/z=44 (CO,") 40°C
7 o

Temperature

/ Calibration
CH, Injection

m/z=28 (CO", N,") 0.926x - 0.104
y=0. X - U.
R?= 0.989

m/z=18 (H20+): m/z=30 (NO")
m/z=64 (SO,"

Oven Temperature (°C)

MS Signal (a.u.)

Time (min)

100% He

Carbon Mass by Elemental Analyzer (ug)

580°C
3 4

Carbon Mass by Carbon Analyzer (ug)

480°C

280°C Calibration

O, Injection

I Temperature

NDIR Signal (mV)
Oven Temperature (°C)

)8

60
Time (min)




Mass
spectrometry
produced
elemental
concentrations
comparable with
other detectors

IC-CD: Ion chromatography with conductivity detector
FID: Flame ionization detector

Total Carbon by FID (ng/cm?)

Inorganic N by IC-CD (ng/cm?)

8-50,2 by IC-CD (ng/cm?)
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y =0.9242x- 1.451
Rz =0.9659
n=14

10 20 30 40
Total carbon by MSD (pg/cm?)

Nitrogen
y = 1.0256x + 0.0872
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Sulfur
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Concentration (ngicm? filter)

Concentration (ug/cm? filter)

Elemental composition varies between
summer and winter (Fresno, California)

Fresno Summer

—_
I
o

|

o

-
N !
o

S
N
100 H Abundant (NH,),SO, in summer
8.0 uC (Decompose at 200-400 C; OC2 at 280 Cin
6.0 100% Helium)
. (EC/TC=0.23)
4.0
o _
OC1 ©OC2 0OC3 0OC4 EC1 EC2 EC3
Fresno Winter
30.0
=0
25.0 S
N . .
200 I H Abundant NH4;NO; in winter
150 mC (Dissociation starts at room temperature; OC1
' . at 140 Cin 100% Helium)
10.0 (EC/TC=0.28)

.o | | _
QC4



Concentration (ug/icm? filter)

Concentration (pg/icm? filter)

Source profiles vary between gasoline and
diesel samples for carbon fractions

Gasoline (SIFQ003)
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Diesel (JERF046)

EC1 EC2

23.341

0C2 0C3 0OC4

EC1 EC2

EC3

EC3

Increased C in OC and EC1

compared to diesel soot.
(EC/TC=0.73)

Most carbon is in EC2;

S is low due to low-S fuel.
(EC/TC=0.62)



noxidized mass spectra show different patterns
between gasoline and diesel exhaust samples

SIQF001 (gasoline)
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Experimental Configuration Using Xenon Lamp
and Spectrophotometers

— >
» Y /Quartz light pipe Reflectance
Xenon lamp y Sample Spectrophotometer
‘/ / filter (200-1100 nm)
] 17
c/
Be——

Transmittance
q1 11 Spectrophotometer
- =udl (200-1100 nm)
Oven
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Future Activities

Retrofit new valves and circuit boards to reduce
helium consumption on carbon analyzers.

Evaluate comparability and differences between
IMPROVE_A and EUSAAR-II protocols.

Participate in European efforts for round-robin carbon
intercomparison and standard reference material
(SRM) development.

Develop algorithm to convert reflectance/transmission
signal to absorption and compare Angstrom
Absorption Exponent to quantify OC, brown carbon,
and EC.

Integrate C, H, N, S, with O analysis.



