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Characteristics of specific surface area N, adsorption and desorption method in the
characterization of cow dung particles and their efficient combustion products
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(1.School of Energy and Power Engineering, Inner Mongolia University of Technology, Hohhot 010051, China; 2. Inner Mongolia Electric Power Con-
struction (Group) Co., Ltd., Hohhot 010000, China)

Abstract: Under the background of green and low-carbon development of energy, the clean and efficient utilization tech-
nology of biomass energy has become a hot spot of current research, which provides technical support for the gradual re-
placement of coal resources by biomass energy. The physical conditions that affect the combustion efficiency mainly in-
clude the particle size of the fuel particles, different combustion conditions, and the surface characteristics of the fuel
particles. For this reason, the microstructure of cow dung particles with different particle sizes and their combustion

products under different working conditions was visually observed by transmission electron microscopy. The specific sur-
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face area detection method was used to compare the characteristics of pore size and specific surface area of each particle of
raw cow dung with different particle sizes and ash samples obtained under different working conditions, and the combus-
tion effect of each group of cow dung was obtained by elemental analysis. Through the extraction and calculation of the
characteristic parameters of each particle, the combustion effect of each sample is discussed. The results show that if the
particle size of cow dung is too small and the air volume is too large, it is not suitable for combustion. The factors such as
air volume, combustion temperature and particle size have an impact on the combustion process of cow dung, and the ef-
fect is not monotonous; among the three particle sizes, 200 um is more suitable for combustion, and as the particle size of
cow dung is closer to a reasonable value, the influence of working conditions on combustion effect is narrowing. Through
the comparison of 6 groups of test results, the combustion effect is the best when the particle size of cow dung is 200 um
and the feed rate is 115 kg/h and the air volume is 101 m’/h. For the adsorption of ash particles, the adsorption effect is
better when the ash particle size is larger under low pressure adsorption. Under high pressure conditions, the adsorption ef-
fect of ash particles with smaller particle size is better. Through the HRTEM method, the lattice fringe size of the ash

sample is larger than that of the cow dung particles.
Key words: cow dung burning; the specific surface area N, adsorption desorption method; biomass burning; TEM test;

cow dung ash sample
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Table 1 Element analysis of cow dung original particles

AR w(C)/% w(N)/% w(H)/% w(S)/% w(0)/%

Rt 31.75 1.28 4.463 3.086 15.979

A-ERERLD 30.33 1.32 4.740 1.186 12.976

AR e 30.69 1.30 4.653 1.823 13.866
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Table 2 Industrial analysis and calorific value test of raw cow dung granules

FEh 24 K5 1% W53 1% YER S/ % 152 8t 9% BRI/ - g7 TR/ - g7
- ZERE Tha 11.70 20.46 56.23 11.61 13.08 10.47
MM 11.71 18.99 55.08 14.22 13.42 10.71
AR e 11.73 19.26 55.97 13.04 13.26 10.60

SRR A R 1 0y g BB p A o/ N = N E
FE T I B0 R M Ui 30 45 RN 52 JRURE 52 ), 5 Rk B
AR ZERE A a U TS L 0, RRHISURL B 41, S0k
Fz fib B TR 43, RBERS 5, IR T . TrdiE
ARG IR IS, 1 50T 0 R AN ) O A2 (A e
BOR, DU AR | BCA | 3 h = BRI
TR AR X R B R A A IR 56 o AR SO 3 AR TR]
RIARTT (425060 (53028 62, 150 F1 200 pm, i 44

RAFERE SN 1, AR AL 2 A4 ERE A 3), MHAEAR
[FHRIE SR 7™ A B AR AT T, 128 T e ik
W2 3. A T3 BIRIRIRE SR A2 T RGO, 43 %t
3R S AN KRFEREA AT T OCER T, A
F B 5% (Scanning Electron Microscope, SEM), % 5
HL ¥ i /5% (Transmission Electron Microscope, TEM)
Wi%< . BET(Brunauer-Emmett-Teller, BET) H. 3 i £k
ML eSS 4T (Energy Dispersive Spectrometer, EDS) .

T3 TR
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Table 4 Element analysis and calorific value test of cow dung ash-like particles

FES 2 FR Ww(0)/% w(C)/% W(N)/% w(H)/% w(S)/% BRHEK - g7 RN /%
JRFEL-1 13.931 24.66 1.26 1.791 0.286 8.429 8 35.53
JKFE2-1 9.487 12.55 0.58 0.606 0.503 34510 73.59
JRFE2-2 4.898 3.48 0.14 0.074 0.278 0.426 0 96.74
JRFE3-1 6.448 3.65 0.13 0.099 - 0.214 1 98.36
JRFE3-2 4523 1.99 0.05 0.132 - 0.0477 99.64
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Na,0 0.171 Ca0 30.894 g 60
MgO 3.384 TiO, 0.890 E
ALO;, 6.462 V,0s 0.008 5 40
Sio, 44.156 Cr,04 0.023 E
P,05 3.028 MnO 0.291 § 20
SO, 1422 Fe,0; 5419 &
K,0 3.589 C030, 0.017
NiO 0.006 As,05 0.001 0
Cu0 0.015 BaO 0.090
Zn0 0.048 PbO 0.001
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Fig.5 N, adsorption-desorption curves of ash samples



55 4 3] o

A LU IR N, W B A2 2 B s R 7 M A v B

2277

(c RRFEARTF T KAEE 1-1, 2-1, 2-2, 3-1, 3-2
JZ W B3R 7,79, 6.68. 5.27. 10.38, 7.98 cm’/g,
DLBAE 3-1 110 BRI B4 de O, T KA 2-2 1 B 2
B i dpe /N, X5 BT AT A R — B X TR 3-1
F13-2, JRAE 3-1 (AR R T IR 3-2, T JRAE 3-1 11
B S R FIRRE 3-2, 3X T BEJ2 AR 3-2 FE 4 IR
BEFTIT, AP R, IR B KR I BRI AR, 5
SRV PR 0300 T e A 9, el R B A1
3.3 HFESRERILESHT
331 JKEESSLAR S AR A
AL TR L R S ik, 151 6 X 3 A4y
FERE i JCHAE AN R be T8 7= A= KRR A (1) BITH £L
ROAGHEAT T30, K 6a—IKl 6¢ 73 A= 26kE0 1,
2.3 HHAEBR BT 0L 1, 2 FAY BIH LI A | . *t
e 3 5k AT LA H, RRE S 4 06 58 I T2 FE R i,
IR LR —, X U IR RE I 19 A 2SR LA 43
A BN, B AVE IR 5 K b B A ) o o
I XTHE 6a. [ 6b, &l 6 1T I H, 2285k
BRLAE M 62 pum HE N E] 200 um A, J5 4 3% 5 KRR
VAR 25 I BRI . X ULRH, AR FERDR AR AN
B, A= 2R BR T HGFLIR R BRI AR dE 254 b, ik
AFEFLBR AN REL Y . 510 55 28 BRACAK 1 47,

SRR R REL-1

EZR2EFE 2 ERRRR2-1 CORFE2-2

FECLA LR A Bl 2 2 R T ORDA A2 1 12 7
B, A aE ) | B S R TR, B
B AE AT AR, XA S B RAL B N . dE
TEM [ Mapping M1 2 & 7 4-26kE 5 a S 2 41K
FERURL KFE 3-1 SRR 3-2) 19 EDS 43 J= K& il C,
N, O3 TR MEE R . 2 ah C R MmE
B, BB TR 3-1 F 3-2, 11 C 7RI
A R AR T2 e b Bl 2R 26 N Y
BRBE, P HER TP C BREAE N CO, IBES HifT e, 78
JRFE S EAS R FLBR 2548 (&1 7, B 75). X A
7o, Bl 7g. Bl 7k AT LAE H, SRR a BN SR
i TRHEE 3-1 01 3-2, X & i T N 2428 rh LU & 53
QARG AETE, FERA B N R 1R Be i R v b
SEUKFEP I N & RS, FEELBR N, X
K 7d. B 7h, B 710 ATLAE H, AR 38AE R a b O B &K
TFIRAE 3-1 F1 3-2, 32 T 2R 2500 i o B R AL A S
eIk bt AR rh Bl AL G RIS T LA Y, A
FEAR R KRR, O 434 A B AR B A AL oy
A7, T BARRT 8 R G — B FLBRZE#E o 25 1 nadk, 47 4k
SERLERR be Tt B v ] DLl INIORE 9 FL DR, T RE | 45
e tE R et FE B L E | 85 Ak, XL A S5
OISR

E/F R 3 B KRE3-1 COREE3-2

0,025 0,025 _

- z L 0.05F

£ £ £

= 0.020 00— —=CG33704,0.024 1) < 0.020 ¢ 0.025 < =

. INEi(3-370 4, 0 . C,.1(3.891 4,0.024 8) . sk —C:(3.891 4, 0.052 3)

T L C1.1(3.7524,0.023 8) T 0.020f \CZ,Z(S,()OI 7,0.024 4) T 0.04 22451 1™Cy,(3.601 7,0.048 1)

*0.015 20015H ot Zoosl]

S o010 S o010 O010T £ —C,(3.4035,0.008 2) g 0.0l "

= = 0.005 5 X = 001kl C1x(33969,0.009 7)

¥ 2 ey g

= 0. ~ 0.005 = 0.

= 0.005 - = 10 20 30 P 0.01 0 10 20 30

= = 0 SN — .

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 0 20 40 60 80 100 120

FLBE %8 FE /nm FLBR 96 /mm FLBR %8 % /nm
(a) 4F R (b) FFERE 2 (c) 2 FEREM3

K6 AIFAFORARTE TOL T IR KR BIH fLAE S i

Fig.6 BJH pore size distribution of ash samples obtained by combustion of different cow dung particle sizes under working conditions
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Fig.7 EDS layered images and distribution results of C, N and O elements of cow dung sample a, ash sample 3-1 and ash sample 3-2
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Table 6 Cow dung solid-state nuclear magnetic resonance 13-C analysis results
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Table 7 Physical adsorption data of cow dung and its corresponding ash particles
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Fig.8 TEM analysis of cow dung particles and ash samples
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Fig.9 TEM lattice fringe analysis of cow dung particles and their

corresponding ash samples
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Table 8 TEM lattice fringe size of cow dung particles and

their corresponding ash samples
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