Immersion Freezing of Combustion Coal Ash in the Texas Panhandle
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XRD pattern of F_Ash_TX_PH XRD patternof B_Ash_TX_PH 1=Quartz

Immersion freezing is a primary pathway for the development of ice nucleating particles (INPs) in Immersion freezing experiments using super-microliter-sized droplets (Sul) were performed in a Si0, 1= Quartz 2 = Anorthite
super-cooled water droplets in the atmosphere, which can impact local weather and public health clean booth on a Al cold-stage L_Jsing the Cryoge.nic Refrigerator Applied. to Freezing Test Sy_stem 7 = Mullite ! 3 = Mullite
(i.e. hail formation and air quality). The diversity and quantity of INPs has influenced investigation (CRAFT) (Tobo, 2016) at a cooling rate of 1°“/min. The CRAFT system is located at the National 3 = Hematite 4 = Hematite
into the physico-chemical properties of coal combustion ash. We examined the molecular Institute of Polar Research (NIPR) in Tachikawa, Japan. Visual analysis for ice nucleated 4 = Belite | CaAl;Si;04 5 = Belite
composition, nanoscale surface morphology, and freezing efficiency for two by-products of coal droplets was determined for every 0.5°“ based on transparency of droplets. Fe,0; | | AlSi,0,
combustion relevant to the local Texas Panhandle region, specifically fly ash (F_Ash _TX PH) and 2 54 CaZSioJ Fe,
bottom ash (B_Ash_TX PH) (sieved to <45um). We demonstrate the diversity between the coal Mm@;@%“
combustion ash by-products and their effect on ice nucleation efficiency.

Sio,

B e ao

Intensity (Counts)

30 35 30 33 40 45 50 55

Angle (20)

Angle (20)

XRD patterns indicate minerology phases and intensity for F_Ash TX PH and B_Ash TX PH. A key difference is the presence of
anorthite (CaAl,Si,Og4 ) in B_Ash_TX_PH

Coal Combustion Ash in Texas Panhandle s | R B Surface Morphology

. . re . . - 5 =l -7 " 8 Y ' ' Y : : ' , - - ' : ;‘ Y ' ‘l

In Texas, 19 reporting coal burning facilities produce | EATC 4 . o ST > SN SR - ' Ll =2.89um B - \‘-'. o %
>24,000 metric tons of PM,,, for Potter County, TX in | Vg | ‘ ' ' :
2014, nearly 900 metric tons of PM,, (course
particles) and PM, . (fine particles) were emitted into
the atmosphere from coal combustion. We analyzed “
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cOal combustion y ash an _ O om.as >amples, .a used to conduct immersion freezing
heterogeneous mixture of inorganic and organic experiments
compounds, representative to the Texas Panhandle
using various techniques. F_Ash TX PH and
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Fig. 9 Scanning electron microscopy image Fig. 10. Scanning electron microscopy image Fig. 11. Scanning electron microscopy

B Ash TX PH are similar in composition consisting of F_Ash_TX_PH_02 of F_Ash_TX_PH_02 (24hrs in suspension) image of B_Ash_TX_PH_02
mainly of aluminum oxide (Al,0;), quartz (SiO,),
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Preserved coal fly ash and bottom ash samples were first dried at room temperature ~20°C for 48 hours.

Secondly, the ash samples were sieved to < 45um diameters in a 3-stage cascade of New Perlon Sieves (< |Ce Nucleation (Time Trials)
1000pum - < 180um =2 < 45um) using a Retsch AS200 Sieve Shaker. These samples were used for the
further investigations namely F_Ash_TX PH 02 and B_Ash _TX PH_02. Suspension were prepared in a
known volume of Milli-Q purified water (18.2 MQ cm resistivity, TOC < 4ppb) using a known mass to Only Organic (%) 0 2

1 1
create a 1 mg/mL mass concentration (0.1wt%) then diluted tenfold based on each specific experiment. 0.9 : ‘ l ‘ l ‘ 5% Only Inorganic (%)| 12.5 33 57 33 15

34°C (frozon =0.78) _ -33°C (frozen =0.20) _ -30°C (frozen =0) ___ 0.8 \ = As 02_Oas (0. AwER) 08 X Inorganic + Organics Internal mixtures (%)| 87.5 50 39 65 85
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Temperature (°C) Fig. 7(a). Fraction of 3uL droplets frozen as a function of temperature of fly ash from the Texas Panhandle at a mass concentration of 1 mg/mL ~ . o
Fig. 3. Fraction of frozen droplets as a function of temperature 0.1wt% over a period of 0 days, 1 day, 1 week, and 6 months. (b) Also shown is fraction of 3uL droplets frozen as a function of temperature of bottom B_ASh_TX_PH is a more efficient INP as
carried out by Tobo (2016) using the CRAFT system (a) images ash from the Texas Panhandle. compared to F_Ash_TX_ PH
captured by convention WEB camera (b) fraction of frozen

droplets (ff,.,.) Of ultrapure water
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