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LA Tl B He AR 22 B Ab2e TARRSERE  TTO8 0 221140,;2. Fp BV R AL T 23k TTo5 4 221116)

i OE R BRI BOR G AT K ZF R, RBEREZFLRA T A I EE L, W FEE
RAT A= 5 4ely 0% BARMRFSLR V@R K 4075 a0 a A 2GR 2, A RIBIES 5] 5 R F s 69 4 4
TR (B R T KA ) REAT RS R R R A, H & KA B ARRAL 38 1T B 5K I AT SO AL IR - R AT A
Wy R AR 6 TR R T A AR AR A 6 ROR Ik B LA A R AL 6 R R R e £ B 0T J M HEAK
B F AT T Mk Fe 5t L REN, EA DR E 55 20% A LR 1 mm R AR F) 25 MPa 4645 7
JRENHNO% S HACH B & T LT IR AN R BB EIRE R &, K 3] 15.98 kKN/AS, *F 68 3%
TIREALA 99.87% ;AT A R AR FIG 0 T 81% ~137% ,PM, s 09 He# B F 4K T 90~98%,CO
A HEAL B F AR T 48% ~92% ,NO, A= SO, AR PM, ket A # L% As.Se Pb #9334 B F 4 K@ B
MeAR, £ 40 i o RIBBE IS HRBE g Vi RIAE R ST AR k09 2R R, A4 b e N AR T AL o9 24 fif
B K EARIIR | AR AR B TR BE B RIS R AR 4 B % 5L A R Bk 6 3 — R
BEARME T AR 0 A RkRE A TRAL B A A 54k MR, AR AR 5, 15 F 9 09 HEAUEAK,
KRR A4 AL HEA R MR 15 4 B AR MRR
HE 5 2S5 X703 SCERAREG A X EHS:0253-2336(2021)07-0197-06
Optimization of preparation parameters of biomass briquette and

emission characteristics of combustion pollutants
QI Juan"? , WU Jjianjun®,LIU Yongju'
(1.School of Chemical Engineering , Xushou College of Industrial Technology,Xushou 221140, China;2.School of Chemical
Engineering and Technology , China University of Mining and Technology ,Xuzhou 221116, China)

Abstract: A large number of pollutants are produced by the inefficient combustion of civil solid fuels. According to China’ s economic de-
velopment level and the reality of various regions, the consumption of clean solid fuels suitable for rural areas and towns is an effective way
to reduce the emission of non—point source air pollutants. Anthracite was mixed with different proportion of biomass ( wheat, corn and rice)
straw to prepare civil solid fuel. The process parameters of cold briquetting of anthracite—straw biomass briquette were optimized by orthog-
onal experiment. The combustion thermal efficiency and main pollutant emission factors of biomass briquette were tested and analyzed on
typical civil stove. The experimental results show that the maximum compressive strength of briquette is 15.98 kN/pellet, and the corre-
sponding drop strength is 99.87% under the optimized conditions of biomass dosage 20% , particle size upper limit 1 mm,molding pressure
25 MPa,binder 10% ; The thermal efficiency of biomass briquette was increased by 81% ~137% , the reductions of emission factors were
90~98% for PM, 5 and 48% ~92% for CO,and the emission factors of NO,,S0, and toxic elements As,Se and Pb in PM, 5 were greatly
reduced as well. The synergistic effect of biomass and anthracite is an important reason for energy saving and emission reduction. The addi-
tion of biomass reduces the pyrolysis temperature ,ignition point and burn out temperature of briquette. The pyrolysis gas of biomass sup-
ports the combustion of anthracite particles. Besides,the volume of biomass shrinks and is porous after burning out, which provides a devel-
oped gas channel for further combustion of anthracite. Due to the full contact between oxygen and solid phase,the combustion is full,the
thermal efficiency is improved,and the emission of pollutants is reduced.

Key words: biomass briquette; emission factor; combustion;solid fuel; pollutant
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G, TCHIE LW TR 5 RO D AT LA b BRI b
B2 — Bl AR A ROk, JE I 580 A HT 3R
[l F4F3L 800 Mt YA AR MRS AT 45 [ R AR by B I 2
RREEIEEA R, T BA BT S, WSS AE O AR B I
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JRRE, BTESCETCARIE R RRRETERE , AR THICARAE A
FEATBURERFIIRCR IS BRI HEL, ket
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1 MEERE

1.1 REER

VEPRE T AR 3 AR AR (/N2 KRR
TR ) FEFFAE A F 5 A4 0 5 AL I B4 SR, A B R
R 1, Hor, Tk ki 2 AR i GBT
30732—2014 1 Tl 43 BT AR 1) , TC R B ks
M2 18 GBT 476—2001 (MR TT R 30T 5 15 , BT

R b Bl A ) T AR e R 8 AR 1% g , 2 ) I
®1 ERHNILSH TESNAERE

Table 1 Proximate analysis, eultimaee analysis and calorific value of feed materials

i LA A BT A

- Tk 57/ % TLE G/ % Quet,ar”
a M, Aq Viaar FCyy Coar Hyy 0 gut Ny St (MJ - kg” )
INERERT 5.68 8.97 81.34 18.66 49.76 7.17 42.00 0.71 0.33 14.90
IKFEFEFT 6.36 10.38 82.92 17.08 49.18 7.40 42.30 0.81 0.28 13.42
FARFEFF 5.44 5.03 84.85 15.15 48.66 7.08 42.86 1.00 0.37 15.04
TCHRIEE 4.77 13.10 7.19 92.81 89.70 3.50 5.11 1.29 0.35 28.79

1.2 RIWHAE
1.2.1 R & A w1 5 Al o &

FRPEFT A2 Bt 1 4 AR AR A= 9 i
RIS 7% T o B RNTR SR B A PEIN R AR 4 IR 3
K IIEASIR S, Horf 4 R WA Y Ras & |5
RERCIRRL B E B R Y R ) AR (RS R B
i, UL 2, 3E Ak A AT TG AR N AR ) BT G i
PRSI 2 bR I, e BRI 50 7 R 1 LD — 4 TR
G B AFEEE R EE 1, s 5 i K R A A
Ji Fe HEAN TR (9 F 398 F e 28, 6 5 45 B it

TR R 80 B 5 T i B A WA v 43 R
MT/T 748—2007¢ TV Y45 ¥4 F i B I g 92 ) 11
MT/T 925—2004¢ Tk BYIE S 58 BEIHA T |
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Table 2 Orthogonal experiment scheme of

straw biomass briquette

KV AW/ % RiE/mm JEEE S /MPa B FRR Y %
1 10 <1 15 5
2 20 <2 25 10
3 30 <3 35 15
122 K F %

SR AR AT A 4 TR R RERA G I R e R 7 2k DL
SCHRL27] o IR A HOM R GEIE bR b R e B
BTG R, aad 98 i = < oE i 5|
WHLT IR A | #h b 75 v R 4 < e e 70
MBI, 8 b 5 P IE D7 0 R A AR 22
em BYH BRI, 7 R T8 R S Sl i UL 22 5] Y
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DA 32 10 XUBIL A AR i e 459 Pl A A s o, R
HSRECHE T 0 P, SR P BE A K DA B7 1k LA 75 4
PG I B SR i 3 L/min, #40RH 7%
BT WA o e R R AR A AE R R IE
L, FEZR UGN CO ARk, 2 A rE £ W00 7k 2 /N
50 °C,CO Y% /N T 3 mg/L I, Wi BRBESE R,
BR K Ah, ARG R IR [ SRR b, Tk T,
ARG B E A 3 UK, AR IE R i AT 363
1.2.3 P E A RAE WM &

5L RO 0 T £ 2 R SRl b o A
J7i5: GB 4363—1984 ¢ F& FH 48 | Skt $ ik e I 3k
Jriky s ERRE R E KR R
BEHATBIE, BT KZER S TSGR
FUEORL 4 I SOKE K IR B BR % R 90 C L A
R W I 2 7K R A 3] 1 BRI B B S 1 A E K
dker, HEIREEE R,

1.2.4 AR5 44 0GR 07 %

ORE ) RAE SR A TR AR 0T URG ARlA
F=H) URG-2000-30 EH 1 URG-2000-30 EHB JiE
RYIE S A HICEE PM, s T PM, , SRAE U 5 H ot
WAETHEH N 16.7 L/min; ZEF B E FIFFLIRE
SRAE R FRRPREAR SR 4 AN [RLSRAE 11 SR A 3] 7 4 i
FRFIRUIe BB L e FREAC A 0 < v A TR 49 FH TR
AR FHRTRCEE 550 °C BBl 4 b )5,
SRV HI 2 23R SR e e T e SR TRLRE R X
FEHITE 25 °C ,40%) 24 b, FECEIRS EE M 10 pg B9R
- R SRR PM, R IR IR B X
SR EIEAL (NAS100) I By 1 A A R0 2%
ML, BRASRARR B E N 10 L/min, HASE
V54 CO NO, FIT SO, FELRE WA 5%

1.3 SHEItE
FERRBE A TR SR, BRI B 1 K

B WS 2 A S Y HE R T S AT
JIT SR FH B4 L o P A9 28K 9R 0 AR o, R 3
HE A+, BRI AT

n=(M,C,AT/M_Q.)x100% (1)
K M, A oK & ke; C, h 7K 9 #ZE
kI/ (kgC) s AT R7KTHIR, °C s M, R BRI MR B R RL TR
it ke QMBI RHA A kI ke

EF,= M,F/M, (2)

A EF 0B 0 57 g B HE ik P mg/ g MR
T PR R S A AR B A TR Y R ) o
i ,me; FOR G RS I A U 5 U003k SR AR U
ZlIt,

Qr psextin('tiontime
= ca (3)

K Q AR BEARE FP AT R, m/ s 50 AR ER IR IR
BE TR AR o/ om’ ;€ A R SEHHRE  mg/ L,

EF

EF =EF,/(1,0.) (4)
X EF N RER AN F  mg/k
EF,  =EF,d+EF e (5)

A EF, SRR AR W 5 AU B o LR 100%
A=W TR 1000 LI 5 ¥ 22 1 F) 4 (L, BRIV 5 o A
SEHIE, mg/kJ; EF, Il EF 43 40 3 4l A= 4y ot i 784
BB RIAEE RS A HE R I 5, mg/K) 5 d Fl e 2353102
FEAFLE W IR R RS AT AR IR & e, % .

2 #R5itH

21 BHEYREKIHIESREERN
S AR AT I, TOABEA 3 RS AR 5
T RIS R S AR A — 2, BLLL/ N RS
LR Wy o R ARE T S K0 (9 R4 T B, LR 3
MR 3 R P Z SN T 7% T3RRGO

®3 DMERBFEMREEEZ KB EIRE

Table 3 Orthogonal experiment data for biomass briquette samples mixed with wheat straw

A B C D
K TR/ PR/ N/ iR/ N/ BRI/ WY, PURRE/
% (kN - A1) % (kN - A1) % (kN - A1) % (kN - A7)

1 98.44 13.91 98.65 14.29 95.23 13.74 97.63 14.19

2 98.9 15.19 95.81 14.00 98.49 14.88 98.55 14.22

3 94.71 12.90 97.59 13.71 98.33 13.37 95.87 13.59

A H/NERFT R0 (10% 20%H130% ) ,B 3R (1 mm 2 mm F13 mm) ,C %R /7 (15 MPa 25 MPa #1135 MPa) ,D N %5+ 4y
B(5% 10% 15%) , 3 BV BUE B KB HIE

JERIE A D2 0 K P (B0 /N 22 AT A 1 ot B 25 MPa B RCR B, UL E RS 4550 35 - (9 Tt 20 K

v I o R AT R SR BE B R2 MR, N IET 1 B
TRURERA) 55 B2 T /N 22 5 FF B i 3 B0h 20% I AL
LT PO 9 R BRI R AT, R T 7

N 1090, 7 5 B2 RT3 B 1 Ik B A R AR, 4%
PER SN A« A2 ) B o> R T g > %66 4
A > KL R 2 R RN BE TR A
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Fig.1 Effect of factors’ levers on drop strength and compressive

strength for biomass briquette samples mixed with wheat straw
YIS 1 43 B 20% , R E < 1 mm, BB R 7 25
MPa, %+ /050 10%, $2 06 T 25 2% A il AE 1) A
S VR SRER 99.87% , HUEIRE R 15.98 KN/,
2.2 TEFEYREERSRYHERN
SR A ) BT R R B, FBIE S TS e HE

JHCREE ARSI LU A BT T AN 5 2 0 J5 1 28 T AR A4
RIS (P& 2a) IFE A0 B 11 A RS FF AR 4 o O (&
2b) AN B TCHRARE 8 2l A= W o e PRkt ([ 2¢)

B

(a) ZETCHRIETLE (o) FEFFAEMRE (o) did=)i
BT

B2 MRS A
Fig.2  Photograph of combustion samples

INZERERT A ) SR | R KA FF A ) S R
FEf AR 0 o AR I 1) I 2 1B 43 0 46 5 O M- WS = C.
M-MS-C Fl M—RS—C, A X} 7 9 3+ 58 ( J5 & A
XA, AR AR I AR S A ) B ) 5 4 B7E 100%
TCHRIEFN 1009% A5 9 500 152 (8 22 18] B4 ) 40 1) 4
-} C-WS-C .C-MS-C I C-RS-C. F&FF4=% %
Y ) RORL I HE TR 5 | SRR R B3 % Jo 2 AL
SEEEWE 3 iR, 3 F RV 5, 46 TE 8.5% ~
10.7% , 5 T f A SR LU, /N2 R A 4 o 2
R FORAEFE AW I RARE R R A 0 o R AR S S 3
T 88.8% +11.8% . 81.4% +17.7 % F1 136.7% +
13.7% ., PM, HF i K 73 ] & 0.36+0.16,0.34 +
0.07 F10.30+0.01 mg/kJ, 5 i & INACE A EA L,
A3 T 93.3% £3.1% 90.4% +2.2% F1 97.6% +
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0.2% ., TE[FA IR 5 N AT, JCHHI B PM, 5
B RER L HEUA T4 0.33£0.16 mg/k), m, N 4.7+
0.2% , Z AN RS PM,,  HECR 422305 F T A 4
P n B TR R R Z

180 eygp 118
TE 16 === PM2.5 116
. | === PM1.0 N ]
0] - 14
< 127 1122
= 10t 1103
X =
=2 o 18 %
T 6F 16
S 4p 14
=
& 2 12

0 N IS 0
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B3 AT A A o AL B R A HE T
IR A R E AR A
Fig.3 PM EFs and 7),, for straw biomass briquettes and

corresponding mass weighted average ones
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HRARESEAT RS R A A ) TR AR ax 2]
BRI AR AR AT PR , TR IR B0 K e,
AR SARIRNR | Ry TCHR I URL B At 78 70 1 BIRAE
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KR 200~300 °C, BV L 2928 450 °C, T T A
PR K5 450 ~ 550 °C RAFGREE KT 700 C,
I S, ARSI (RS FEJE T O AR R e
FEFFRRIS G TCURIERIURE A TR LR IR DS , BRI 5 1 5 FF
A AR R 4 HL 22 1L D5 38 A0 BUA e TE AR
SRS 1] (RS AT IR B T e 3K (0 S 38, £ P9 3R G
SR RERURE AR R A% 3 R v DR B R 3 43 1) SRR 25 15 L)
FEoTIARE BRI m, B X — R BT
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Hes F 7B mREAR . 3 FRSFFAE D L AVE R o 11
fig B HEA T3 902 0.032£0.01,0.02+0.01 0. 12+
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+0.03 F1 1.5+0.1 mg/kJ, b 5T & AT 24 43 51 %
KT 69.8%+2.1% 93.8%+1%H 54.4%+3.1% ;3 Fh
FEAF A9 B RSB NO, 1) B 2 35 HE ik R 740 J31)
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Fig.4 EFs of CO,SO, and NO, for straw biomass briquettes and

corresponding mass weighted average ones
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Fig.5 EFs of As Se.and Pb in PM, particles for straw biomass

briquettes and corresponding mass weighted average ones
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