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Abstract Based on the diffusion-limited aggregation model, the aggregated soot and its mixture particles with water
coating are generated. The aging process of soot aggregates is simulated. The effects of particle morphology and
water coating on the optical properties of the two kinds of particles at the wavelength of 550 nm are studied by the
cluster T-matrix method. The results show that the difference of optical property parameters between the freshly
generated soot aggregate and the spherical soot with the same volume is larger than the difference between the aged
soot aggregate and the spherical soot. When the fractal dimension D¢ is 1.8, the relative differences of scattering
cross section and single scattering albedo reach 61.58% and 49.44%, respectively. As the aging process proceeds,
the differences decrease. For the mixture particles, ignoring the cluster structure of the soot core can lead to
underestimation of the forward scattering intensity, scattering cross section, extinction cross section, single
scattering albedo, asymmetry factor, and Fi /F, , and overestimation of the backward scattering intensity,
absorption cross section, -F1,/Fy,, Fs3/Fy, and F,,/Fi;. With the increase of the water coating thickness, the
scattering matrix elements of mixtures are more turbulent with scattering angle, and the relative differences of

optical property parameters caused by ignoring the soot core and the aggregated morphology of soot core are both
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reduced. This study has significance for decreasing the estimation error of radiative forcing estimation due to soot
aerosol.
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Fig. 1 Simulated results of soot aerosol particles. (a)-(d) Different fractal soot particles, « =15 nm, N=100, £;=1.19;

(e) spherical soot particle with the same volume as those in Fig. 1(a)-(d)
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Fig. 2 Scattering matrix elements of soot aerosol particles as a function of scattering angle
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Table 1 Optical parameters of soot aggregates with different D; and spherical soot particle with same volume

Cow /pm® C.pe /pm® C.w /pm* fssa g

Spherical soot particle 0.0152 0.0117 0.0035 0.2316 0.1428
D;=1.8 0.0116 0.0102 0.0014 0.1171 0.3523
AX(D;=1.8) /% 24.0100 12.6800 61.5800 49.4400 —146.6700
D=2.0 0.0116 0.0102 0.0014 0.1175 0.4753
AX(D=2.00 /% 24.0200 12.7300 61.4600 49.2700 —232.7800
D;=2.2 0.0117 0.0101 0.0016 0.1388 0.4371
AX(D=2.2) /% 22.9700 13.6600 53.8400 40.0700 —206.0100
Di=2.4 0.0123 0.0102 0.0020 0.1662 0.3330
AX(D;=2.4) /% 19.4900 12.6200 42.2400 28.2600 —133.1400
D;=2.6 0.0128 0.0104 0.0024 0.1877 0.2611
AX(D{=2.6) /% 15.9300 11.1200 31.8800 18.9700 —82.8200
Di=2.8 0.0136 0.0107 0.0028 0.2086 0.1991
AX(Di=2.8) /% 10.8900 8.2100 19.7500 9.9500 —39.4000
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Fig. 3 Simulated results of soot aggregates with water coatings [ parameter settings of soot core of Fig. 3(a)-(c) are
same with that of Fig. 1(b), (d), (e)]. (a) Aggregated soot particles with core D; of 2.2;
(b) aggregated soot particles with core D; of 2.8; (c) aggregated soot particles with spherical core; (d) pure water droplet
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Fig. 5 Effect of water coating thickness on scattering matrix elements of soot aggregates with water coatings

(D; of aggregated soot core is 2.8)
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Table 2 Optical parameters of soot aggregate with water coating (N =100, a=15 nm, £r=1.19, R g =0.20 pm),

spherical equivalent particle and spherical water droplet

Coy /pm® C e /pm® C.. /pm® fssa g
Soot aggregate (D;=2.2) with water coating 0.1740 0.0195 0.1545 0.8877 0.6883
Soot aggregate (D;=2.4) with water coating 0.1743 0.0198 0.1545 0.8862 0.6880
Soot aggregate (D;=2.6) with water coating 0.1743 0.0200 0.1543 0.8853 0.6876
Soot aggregate (D;=2.8) with water coating 0.1742 0.0202 0.1539 0.8838 0.6867
Spherical equivalent particle 0.1734 0.0212 0.1522 0.8777 0.6842
Spherical water droplet 0.1496 0.0000 0.1496 1.0000 0.6880
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Fig. 6 Effect of water coating thickness on optical parameters of soot aggregates with water coatings

(D; of chain soot core is 2.8)
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