Hygroscopicity and CCN Activity of Biomass-Burning Aerosol
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- | | L e | - | | | 3. Experimental Setup
We measured the hygroscopic size growth factor (GF) in sub-saturated relative humidity (RH) and cloud condensation nuclei (CCN) activity in supersaturated RH of fresh biomass-burning organic carbon
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(OC) aerosol particles. Atmospheric processes, collectively termed ‘aging’, change the hygroscopic nature of OC. Our purpose is to identify reactions that affect climate-relevant properties of these Note: Figures 1, 2 and 3 are NOT to scale
ubiquitous aerosols. We compared CCN results of fresh OC with that of OC aged with reactive tracers (NH; and O;) found in the lower atmosphere. RH during aging was controlled to simulate RH Note: smoke darkened for illustration purpose only. Actual smoke was white.
conditions in the lower atmosphere (5-85%), as water taken up by particles may participate in the aging reactions. We use the activation diameter (Dc,), the diameter at which 50% of the total aerosol Annular sampling probe
particles are activated, as an indicator of CCN activity. A reduction in D, implies greater CCN activity. From D, we calculate the hygroscopicity parameter, k (x.-), and compare it with the x obtained — ——— ——— ‘ . N—
from GF results (k). Theoretically, .-y and k., are the same. We calculated an average k.. of 0.075 for replicate tests and an average K., 0f 0.077 (0.3% supersaturation). These kvalues are consistent | 1S LPM
: : : : : . . : : : : : : : Dilution Air (NH,-frec) |
with those reported in the literature. OC aged with 10 ppm NH; for 45 min had minimal change in D, less than 5% reduction, for either low and high RH during aging (5% and 85%, respectively). OC l To T 23 LPM Ojﬁ“ stack with gate valve
aged with high concentration of NH; (800 ppm,) at 70% RH had a 23% decrease in D, (7% increase in potential CCN). We find 30 atmospheric-day-equivalent of NH; aging not affecting OC e gg;ggg‘;;)gj;g;gigﬁgf;ggg)g’;;f;eg;jf;ddedm | ~— Thermocouple
aging. Aging with 100 and 300 ppb, O, for 5 min (RH < 5%) showed no change in D, of the OC, but the structure of the activation curve was different than that of fresh OC. We find that activation T P ‘=:_._.___-_-_-_-_-_-:_4_f‘i’f’f‘_"fﬂ’j’f’f‘f"_bf_ff’ff S <\/> Watlow
behavior is more consistent across the particle population after aging; D.,is not sole indicator of CCN activity. 00D pom, N1, njeted s wsing 0 L yrneel | I \ ( S&Z\
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* First indirect effect: cloud condensation nuclei (CCN) increase the . . . - 3 ixing Chamber s
(CCN) _ 1. OC Generation: Pyrolysis of oak wood at 300 °C [Fig. 1]. N = Activated Droplets (cm™) _ (1) viing Chamd TN, inlet
number of cloud droplets, enhance cloud albedo, cause global cooling /7. : .. ““N'" Condensation Nuclei (cm™)
o _ _ _ _ _ 2. Measuring CCN Activity: L . . .
* Pyrolysis in the anoxic core of burning biomass emits organic carbon (OC). Select dry mobility diameter and measure its 1. (s=0.3%) [Eq. 1] A4 Fig. 1: OC Generation, Sampling and Handling
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* CCN activity of OC depends on its hygroscopicity (represented by single- - . . v CCN T 57 )3 12 (2) Aging time with NH; = 45 min, Agmg time with O; = 5 min,
_ i _ * C(Calculate activation diameter (D.,) (diameter for which n,.,= 50%). so 1S Temperature of pyrolysis = 300 °C
parameter, k)!/?l. k depends on chemical composition and size. _
A Hord _ Lt i _ Hermical _ | 3. Measuring k (K .yand K.;): i M
* Atmospheric aging (coagulation, condensation, chemical reaction) alters « . . _ 40y,
£ O P ging (coag ) * K.y — Calculate from D, [Fig. 5, 6] of CCN results via Eq. 2, 3. A= RT/p . (3)
of OC. . . W
o * Kkgr— Calculate from hygro. size growth factors (GF) [Fig. 4] |[Eq. 4, 5]. Onerating conditions
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activity of OC reported less. CCN activity of aged OC not yet reported. GF = IJ{ 1—g } (4) wnalyze HEPA fters o cheath-in and sheathout
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» What are the hygroscopic properties of actual biomass-burning OC? 0/, = water surface tension M,, = molar mass of water =D Dl -(1-Ky) : Supersaturation 0.3%
» How does CCN Activity of the OC change upon chemical aging? R = universal gas constant Dgy= wet diameter Quasi Monodierse,_| (| seat
aW = water aCtiVity Ddry = dry diameter out _lﬂ CCN activity curve
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» What are the hygroscopic properties of actual biomass-burning OC aerosol?

 Calculated x values (0.075 and 0.077) consistent with k reported by Engelhart et al./*/ for OC with high organic fraction (> 80% by mass).

* The value of k (and D) for fresh OC different in Fig. 5 than Fig. 6: source of biomass was different. Engelhart et al./*/ reported a convergence of k (and D.,) after 3-5 hours of photochemical aging for
aerosols from burning of different biomass species. Acknowledgements.
* This study is being conducted under the United States Department of Energy grant number DE-SC0006689.
» How does the CCN activity of actual biomass-burning aerosol change upon aging? * Conference travel partially funded by Ivan Racheff travel grant.
 Largest change in CCN activity (23% AD.,) seen for 800 ppm, NH; aging [Fig. 5]. Based on particle size distribution, this corresponds to 7% increase in CCN. We find 300 atmospheric-day- * R.U.Shah would like to thank all members of the Bond research group and the Air Quality Engineering and Science
equivalent of NH, aging does not participate in aging mechanisms of OC [assuming 1 ppbv atmos. NH, level]. (AQES) research group at the University of Illinois at Urbana-Champaign for their valuable feedback and support.

* D.,0f OC does not change upon aging with 100 and 300 ppb, O, [Fig. 6]. Scan direction was reversed at 300 ppb, O; aging to see effects of exposure time. No changes observed [Fig. 6].

. r re of th N ivi rve chan n mor nsistent increase in observed across the size distribution with increasing [0,]. We find that k¥ (and D-,) is not a sole indicator of
Structure of the CCN activity curve changes and a more consistent Meen g [0s] ( 50) *Contact Information: Rishabh Shah, Masters candidate, Graduate Research Assistant

CCN activity and the activity curve cannot be reconstructed from D.,alone. Size-resolved CCN activity should be measured to characterize aging impact on CCN activity of OC. 4140 NCEL, 205 N Mathews Ave., Urbana IL 61801 USA | rushah2@illinois.edu | (217) 819-6377




