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Impact of particle fractal dimension of ultra-clean micronized
coal water slurry on its combustion characteristics
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(State Key Laboratory of Clean Energy Utilization ( Zhejiang University) ,» Hangzhou 310027, Zhejiang, China)

Abstract: The particle size values of three ultra-clean micronized coal water slurry, Huainan, Yanzhou,
Shenhua, were measured with Malvern Mastersizer 2000 laser mastersizer. Their combustion
characteristics were investigated with TGA/SDTAS851e/LLF1 1600 thermobalance at heating rates of 12. 5,
25, 33.3 and 50 ‘C + min~' . Their apparent viscosities were measured with HAAKE VT550
viscometer. The specific area and pore diameter of the ultra-clean micronized coal powder were analyzed
with Autosorb-1-C physisorption analysis instrument. Experimental investigation and theoretical analysis
proved that the specific area of the ultra-clean micronized coal powder increased while pore diameter and
particle size decreased with increasing fractal dimension. The apparent viscosity of the ultra-clean
micronized coal water slurry increased with increasing fractal dimension. The ignition temperature and
apparent activation energy of the ultra-clean micronized coal water slurry decreased with increasing fractal
dimension. The ignition temperature of Huainan ultra-clean micronized coal water slurry decreased by

41.36°C and its apparent activation energy decreased by 77. 71 kJ + kmol ™',
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Table 2 Average volume particle size of testing coal sample

Average volume particle size /pm

Coal sample
Grind time 4 h Grind time 8 h Grind time 32 h

Shenhua 14. 35 8. 44 2.72
Yanzhou 16. 81 9.89 2.34
Huainan 15. 34 9.02 2.17
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Table 1 Ultimate and proximate analysis of three ultra-clean micronized coal
Coal Proximate analysis Ultimate analysis Qb
sample  My/%  Aw/Y% Va/¥% FCu/% Ca/% Ha/¥% Nu/% Sw/% Ow/¥% /M ke
Shenhua 6. 66 1. 76 28. 39 63.19 74.00 3.11 1.08 0.15 13. 24 30151
Yanzhou 1. 24 1. 15 37.12 60. 52 78.57 4. 96 1. 67 0. 76 11.70 32284
Huainan 0.75 1.21 31. 22 65.33 86. 44 5.25 1.48 0.51 4. 37 34925
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Table 3 Specific area of ultra-clean

micronized coal powder

Coal Average volume Specific area
sample particle size /pm /m? e g !
Shenhua 2.72 13.4
8. 44 10. 3
14. 35 8. 04
Yanzhou 2.34 13.1
9. 89 11.3
16. 81 7.55
Huainan 2.17 12.8
9.02 10. 5
15. 34 6.13

M RT LA AN [RDRLAR 8% 20008 ) £L 20
M AR —HE . BEE BRI/ . (RO B Y LA
I TR — W0 70 i 2oz i B, JC I LAALAe 2.0
nm ({8 e M . XU ALAE 2.0 nm AL
FHm. LA R fLAE (R ATILALAR) B

BRI R, HRpEE R AR, I
A (1 FL SRR B 0 3K 10 BH 7 J5 T JLAL AR Ak 1 £L
B R AR I BEAR S B HE— B 1y . R Rl G kit
MREAG, 7E 2.0 nm B AL 20 38 i [e) s, e ]
JLALRAE LR S i — 2B P e . BERPASTH . Rl
JUALE IR R I . 3 Fioks 478 L 45 i oBi i T 1
FLA R e K AR X B B FL AR 40 B0 k. 4 4E 3.7 nm,
M 4.1 nm, ER§ 4.2 nm,

FESERIURL ) 22w AL, AL TR 9504,
FERRBE T R R i T B A, SR LB A 1R
SR A TR RRAE . Avnir 2507 5A K 7E W K S2 5 o,
M5 % B AR 8 FE X T AE p/ po <<0. 37 S DY
ATRUA R SRSy F R B /NLN R A T 05 F IR
BiF . I BRHIRE O0 BB A% 58 42 S e [ 1R i R E A5 R . /D
FL I R 1 3 18 43T 4 00T AR B Avnir 23 20K 15

0= Klln(p,/p 1" (D

Kb O XM s K WM % ~=3—D.
D Sy SR B 14 2 T T 4R

AR AR AN [RD KL AR 1) 2 T 3 T 4 i n 151 4 e
7 s B RS AR R R/ s R FLAR AR N, A
20 BB FURE N ¥ T 5 ) /ML H B2 L L 3 T AR
Ko fLESHMIA . HAR M2 4ERO0 K .

2.44F

= Huainan
242t e Shenhua
“ a Yanzhou
.S 240t
g
k| 2.38¢
s}
3 2361

8

£ 234t
2.32¢
230}

2 4 6 8 10 12 14 16 18
particle size/um
B4 ORS00 43T AE 80 5 R0AR K R
Fig. 4 Relation of fractal dimension and particle size
2.2 fEHKERMREEYE
TEFYIE AR 100 s ' T, RMEHIE4E80 5 £ M
FHBER R AN 5 i s A [PRLAS 1 4% o 4 7K 5
WA LIRS E AN 6 PR
M 5 6 AT LUE Y, BERAR D, R
SPICAERCE N . R AR ORI A8 5 A Al . W T
PEREIG 58, ST B P UL A I 1S s 5 0K 41 K
B RGN B K8 . SRR B iR . K
PR RS AN T Rk 2. 329 B TFF 2,375, hr



« 1808 e T

F [

% 58 &

800+ = Huainan
e Shenhua
a Yanzhou

apparent viscosity/mPa - s
%4
S
S

2.30 2.32 234 2.36 2.38 2.40 2.42 2.44
fractal dimension

B S KK RS R 5 2 1w A0 TR e O &R

Fig. 5 Relation of apparent viscosity
and fractal dimension

900
o 800f
pi‘z 700 |
E* 600 o Shenhua
§ 500 - = Huainan
E 400 - a Yanzhou
B
g

100 |

0 L ! L ! L | | |
2 4 6 8 10 12 14 16 18

particle size/pm

L6 R A K 3K 2 WL 2 B 5 kAR O R
Fig. 6 Relation of apparent viscosity

and particle size

J HT 15, 34 pm FEF] 2017 pm @ER T, 100s 'R
MIFEMEE H 60 mPa « s FF+5| 800 mPa « s, #fi
NI T AE % 2. 372 1 FH3 2. 437, RifEH
14.35 pm [&#] 2. 72 pm, 100 s ' R AR WA B
101 mPa » s 7+ % 611 mPa » s, % MW 405 40 T 4
o 2,302 ETF#) 2,421, KL 16. 81 pm [ F)
2.34 ym, 100 s FHIFRWEE H 80 mPa - s I &
820 mPa - s,
2.3 REHEKE RIS

R IR 530K 2 7K S A B e e 1k . R
e I TG-DTG 12 2k i 2 K 4 7K 5 1 & iR
BE, BPYE DTG ik b, b (E SEEL S TG i
LT — i, o EE TG ihg sk, %45
IR TR BT AT 2R A 3 A T 6 IOF 1) 3l B 5 Sl K
RS,

MR Vamvuka % 15 2 /) T 5 # 50K W) 0
Tk BB 3 A R AR 1 4518, A R L Friedman-
Carrol I3 H (1 22 T i 78 256 125 % 4G 41 7K B 9% 1 =

WL AL REHEAT SR i .

3 oK A0 K BRI 3 IR BE 20 TE 4 BRI L A%
ML RN 7, 18 8 Pin . 3 4 25 KG 4K
HACT AL 40 00 T 1 F WL Ak e Bl

480

m  Huainan
® Shenhua
A Yanzhou

4701

460

4501

ignition temperature/C

2.30 2.32 2.34 2.36 2.38 2.40 242 2.44
fractal dimension

B 7 R AK R 3 JGRE 5 0 TR RO R

Fig. 7 Ignition temperature wvs fractal dimension
480 -
] IS-Iﬁlarllrﬁan
° enhua
O 4701 A Yanzhou
E 460
g
g /
g 450
2
§ 440
£
2 430
P20
2 4 6 8 10 12 14 16 18

particle size/pm

B8 KA K IR 105 Gl BE 5 PR A2 56 &
Fig. 8 Ignition temperature wvs particle size

x4 FBEKBERORWNEUEE

Table 4 Apparent activation energy of ultra-clean

micronized coal water slurry

Coal Particle size Apparent activation Correlation
sample /pm energy/kJ ¢ kmol ! coefficient
Yanzhou 2.34 31.70 0. 9509
9. 89 83.99 0.9991
16. 81 103. 94 0. 9539
Huainan 2.17 38. 69 0.9961
9.02 75.32 0.9847
15. 34 116. 40 0.9970
Shenhua 2.72 38.02 0. 9676
8. 44 65.03 0.9943
14. 35 103. 17 0. 9990
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