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Growth of fine particulates
of typical coal ash components in supersaturated water environment

ZHOU Lu-lu, ZHANG Jun, XU Jun-chao, YU Yan, MENG Qiang, YANG Lin-jun, YUAN Zhu-lin

( Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education,
School of Energy and Environment, Southeast University, Nanjing 210096, China)

Abstract; By using the droplet size meter, the growth of fine particulates of typical coal ash components,
including quartz, ferric oxide, calcium sulphate and mullite, was investigated in supersaturated water
environment. The supersaturated water vapor environment was built through the contact of hot water with cold
air. The results show that the fine particulates with good wettability grow easily; the smaller the initial particle,
the fast it grows. The temperature of hot water has a great influence on the growth of particulates; higher
temperature is favorable to form larger particulates. Overall, the diameter of particulates with different physical
and chemical properties can be increased to 1 to 6.6 times larger at low supersaturation.
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Schematic diagram of
the particulate growth measurement system
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Table 1 Test parameters for the particulate growth measurement
Q/ us c/
Test  Parameter T./K T,/K . . t/s s S
(L min"") (L-min") (m-s™) (1-cm™)
1 number 293.6 303 3.5 1.012 0.33 1.2 (1~2)x10° 1.047 5
2 number 293.6 308 3.5 1.012 0.33 1.2 (1~2)x10° 1.0805
3 number 293.6 313 3.5 1.012 0.33 1.2 (1~2)x10° 1.1198
4 number 293.6 323 3.5 1.012 0.33 1.2 (1~2)x10° 1.2119

T, . inlet air temperature; 7, : hot water temperature; Q. gas flow; Q, : hot water flow;

in

U. gas flow velocity; f; growth time; c¢: number concentration; S: mean supersaturation
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Figure 2 Supersaturation distribution
(T,=313K, T,=20.6K)

HIZR AT, T 326 52 360 2 JOE Y i 40 0 2 7

)
=
T

(@)

» L —o— initial size distribution

—e— size distribution after growth

w /%

Proportion

Particle size d/um

2 o (©)
20 L —o— initial size distribution

X 18 —e— size distribution after growth

= 16

=

14
12
10

Proportion

[SST
T

(=}

Particle size

d/um

1 ~1.25, B S A [R) AH B 25 1 i 5 04 3 1 R B8 (2
~5) RSz A BOK S R ORI A
AT T I , B4 e BRI I 7= A, S50
A A AR A A I FROK 5 0 T IS SR B SR
JiE R 3 A, SR 5 T S AR R A T UK AR ER K
TR S B e RS RREAR A, B T (A5
A I e 45 A A AR B o B A, /INBURL ERSR AR
USR>S0 FARZ , H/ BRI K
S R R PR, B B AR R Y K R
B B X, IR ELPL X490 B Kl i vk 3 470 4|
SRR R 43 LU 2 A1 0 58 BB 4 L A3 A, e
BT SR

2 R 5vHe

2.1 FARASFRKKHER

P 3 S R T BB TR A Ko A

24 r —e— initial size distribution ()
2 F

20
18 H 4
16 |
14 .
2R |9
10

—e— size distribution after growth

w 1%

Proportion

Particle size  d/um
22 + d
3 —o— initial size distribution @
20 +
18 -

—e— size distribution after growth

w %

16 H |

Proportion

Particle size

d/um

&3 HBTURA KA AR 1
Figure 3  Particle size distribution before and after growth (7, =313 K,T;,=20.6 K,r=1.25s)
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(a): quartz; (b): ferric oxide; (c): calcium sulphate; (d) : mullite

HIFEl 3 LA Y, K K5 A 4 43 0k v /N Jot
LA BT/ i R ISURE A i 388 in, {EAS ) b J5U0RE 7 4
KECRAR], A S 0R W) kA B R AR SR,
PEWETE 50 ~0. 1 wm, K& KGR AR s &, /h
F0. 1 wm W FRLL-F-ARI AN R T, FLAOK S50k 5

T 0 Yt 5 S A Bk BURE A R R AR I I AR 50 ~
0.1 pm, KRJF PN BN /T 0.1 wm B
KA IR 2 OR BB R R A K SRR ES W 4
SARAERZ/NT 0.1 wm (Y BURLAE K 5 #BAS L
TN 1 pom ORI B A, HAD 46 50 A ok



6 1

Je B 45 o SRR B A AOR W T Ao P KRR 85 R R

757

GUBORAR D EAER R B I 38 SR A7 10 ki A
BB R RO — 18 LK O ROR FOBURL R LR
BREG /D OR PUBORL LU IR RR S 2228 | 5k A1 S RIR S
FH ECBHAR R M AOK ZFORL D8 AN BB, TROK %
PR RARA A

I3 3 Al R OC F 2 R IR G > 41 9% ~ 54
i > AL, MR Kulmala ™' 28 St 5 500 31
1, PURLIE R P AT 28 PR ORE 2 1T BE A5 I R A HE
AR, A9 FALBRAN LR AR S AT U AT g &
A SEARBEAS KRB R BRI, IR B AR R

BORB AR IF s 3 TR B -5 R AR TR
U BOBRIREY T2 5 K FEBRAS R, TN, R RAICR
R EY
2.2 RIEXTHRLIK KA R200

XFECR 2 MR 3 s S A S i a4 B
EATRE A AR, (H/IVRLAR B A0 S URL I A% £
TR, IR KA A REE R AR K 2L 3 ORI KR Y
— AN, e, BT PR R )OS 8 4 SR
17 7R RS, SCYR A R LA 4,

x2 BHKKETEFHRE

Table 2 Mean particle size before and after growth

Name Quartz Ferric oxide Calcium sulphate Mullite
Intial mean size d/nm 133 143 258 518
Mean size after growth d/nm 795 398 1 695 1200
Multiple of growth 6.0 2.8 6.6 2.4
®3 HEBMRE
Table 3 Characterization of wettability
Name Quartz Ferric oxide Calcium sulphate Mullite
Contact angle 35.7 55.9 17.2 33.4
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Figure 4 Quartz particle size distribution before and after growth (7,=313 K,T;,=20.6 K,Q=3.5 L/min)
(a) . fine quartz particle; (b) : bold quartz particle
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Table 4 Mean particle size with different hot water temperatures

(=}

T,/K 303 308 313 323
Intial mean size d/nm 518 518 518 518
Mean size after growth d/nm 720 987 1200 2 816
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