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Technical and economic feasibility study on using mine ventilation air methane for

coal-fire boiler and analysis on influence of operation
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Abstract:In order to treat with ultra-low concentration methane in high flow ventilation air in mines, the ventilation
air is fed into the boiler as a secondary air.Induced draft fan,investment and operating cost, project renovation earnings
and the influence of boiler efficiency for these engineering reconstructions are analyzed.Results illustrate that the boiler
generates less flue gas after using ventilation air methane.The variation of mass flow rate of the fuel gas is so small that
there needs no technological transformation on induced draft fan of the boiler. Majority investment of such renovation
project is subject to procurement and installation of pipelines and thermal insulation cotton.Carbon sink part is the main
earnings for such a project.Low flow velocity of the ventilation air can raise the engineering investment cost but reduce
annual operating cost,which is beneficial for the profit over a long period.Earnings surplus and deficit balance curves of
the project in 20-year are plotted under different transportation distances.An optimized ventilation air methane delivery
system is proposed for both mine-side and secondary air-side.Meanwhile, the effect of ventilation air methane temperature
and humidity on boiler efficiency is analyzed.This study provides a reference for the approval and feasibility analysis of
ventilation air methane utilization projects.

Key words : ventilation air methane; secondary air; project investment; economic efficiency; boiler efficiency

H e A 4 BRHE I 5 — R IR = A4, A
DAL AR 1 U 2 SR, 2 — LA e 1
BN R B AR 2022 AETRE W B HE A R R
5567.6 J7 t, 5k HEBUS R 15. 6% , b
P5 AT P B HE Rl Rl 2 537.2 U7 t, 24,5 TR0 R e HE
BB 46% , IR R TF SRS B0 X A HE R
B 30. 2% , 3 i T HE RSP 2 KF 1 9%, L,

Yok AR A Tl 8 R o HE T, 4 v Y o ) RG34
Sk e HE TR LR,

X FHEH e AR B B — KT 30% <Ak,
] 38 g A R A T R AT R
BEVR T B 19 ~30% 2 18] AR e 3 Y Joe 2 FEL L L
PRI e 5 BRFE R E AR R T2 kR K&
FATR AN T A A A B BT R (R

%5 B #A . 2024-05-23 ; i€ B H #1 :2024-08-07
BEEWH . E AR A5 H (GSKJ-23-202)

EB RIS BT (1970-) T3, AL R TR0, WAL g TRREARTE R NS B Bk (1994-) 55, W, TR0, B 507 1o o 2 IKURI AT

AL BB ER A, 18706830601 @ 163.com,



2024 FE 10 B

W) R B 2 48 (< 0.75%) , BAR B &
K, 2 i B R TF SR T Bh L dE HE R 60% ~
70%" ) AR ERFNA A R HE

= KA AL B FH 35 205 A ok SR SRR R b
FIWE R B A2 SO B IX 2 KSEE R4, = X
FR ot 25 VAR A b A AR R AR VR B8 PR e Ry R R bR
BRI A BRI 3 7E B N A E A Iz I Y S
) HR AR T B R R R B S =
WABTR IR 5 35 AL P R e R BB, R I 7 1Y)
FAERET ) S4B SRR A B = R
TIABR, HAUARN AN 8, % F R = W%
ARG, AR e R A N A R
A BRI A B R 2 Sk A BRI R R AR AR
W R B AT IR BE S B = R e Y Ab B R A A
FHUO20)  BARH]E Vales Point HLJ W = XU AGH
WE R B R 25 SO IZ B R I St 4 4t T T AT
B {EHETE N A I Z KGR AR T
R AL P A T AR S 451

AW E P 2 M — RS T Skt
BRIER ) UEATUSCOE AR AR , 1A T e — R Ak B
Z KA B AR () B 08 o 2 4T AR B0 H IR R
Mo A3HET R MR — R I 2 KUk B AR AR 7
FREE I R R, R A% 2500 H o 1) 28 55 1
AL RS |

1 ZXAEIREEN

L1 ZRAAAXREFETTERRES

S LB TE R LG R R T 2R — IR
JGENBEIRAL,  H T LT By Ja 2R B v, 17
Z AR ARG AP, A =
WEHEE A Z R RKBLA T, X S AR S i A, A
BB s FREMBEEOR . Z XA R AL
PR 1 PR

ALY

ZHAA

K1 zRAAREREE

ABFFEIERE 4 AR Z W ik BE B AN R B
Z e B Je =z At B R — A = XURI T e 3 it

FOAIERS  MNEERIPIAGE R BB H 2 X EPIREUS AT It RIS TR AT - 209 -

BT HL AT . 45 B i SRR 1 B,
F1 BRE—GFURELERZRERER

o Lings T EN94 IR e m s Z KRR
m (m? min™") (m*-h™")
AT 3311 1.40 31.92
B/ 4785 3.20 41.70
cr 4268 4.67 43.20
DJ” 2728 1.06 49.95

1.2 ZXFAmMEZFENERE

Z WA I H 85 RA R AN (1) B

N =N, +N, +N, + N, + N; (D)

A, VBT SRR, JT I8 N, I BORAR,
TII6; N, AR B A, J1 005 Ny 9 25 T B
A, TTICN, AR A 5 90 Ny R H R G
WA, T3t

% J& B T AR BRI, W I Z A& Z
F% T ik o P Y R T AR MR
PRERIRIRLZ SR RE N 0.1 m, 8 3H AU T8N 4 31
AR A L — A A 78 F A 2 2 I Kt BE 4
Nk 2 fR, &2 M FRIHIR BE B, 2 A&
ZRI AT A e s R

x2 ZFZRMIZHHOERE C
Hh i AT B cr DI
IS -30 -35 -25 -35
Z AHE FL 20 14 20 15
Z AU E g 15.8 9 15.8 12.3

Z KRS B 9 0E (BrEh bRE) A
K2R
M=M +M, -M, (2)
A, M R EE  va, M, 2 KOR) AT
va; M, FE A= WREF 5 va, M, A=
KA R GE3E IIERE v a,
Z XA T H A/ co, WHERE T E = (3)
Fi7 .
C=C +C, =(GWP-1)Q +&M (3)
Krf, ¢ I H CO, BIHEE  va; €, = W LEF
€O, VhHER , va; €, I E=A R CO, I,
t/a; GWP S HUGE () 23k 3G IR 3455 CO, MY LUAE; ¢
FFRER) CO, HEARE; Q A= M e va; M 2l
Z AR BT va,

2 ZF AR SREP IS XS e 5 A
BB Z K G AR P 0. 75% LATR , Rl



- 210 - FAX AL L

Z G ZURAUTE Hh o6 T e 8 A B A SR
BN, BB B 25l ORI
(472X, %k 2 IRV R 3 4 — vk XU B AR %o 0 A< 3 o
A BN T BN ST . 2 XURI R 407 A B 4R <
It LA Sz SR PR A W AR S an 3R 3
o ZWAIHERATEA T BT . CT FMDJ =AW
HHA 439k 608. 1.2 578.6.3 737.5.850. 2 kg/h,
T A3 IS0 20 et e Ry 7 A o o7 A ol ) 0
o 721.3.3 270.4 .4 626.3.1 018.6 kg/h,
PR — R AR AL 2R = XU 8 (9 B2 AR BS80S 1 ™
Azt I HAR A A S0 TR g b SR AR T =
FEARTT LA, PRt Jow o e g | XG4T
i

*3 ZRBUEHIERSESK

iH AT BJT ¢J DI
Z AP ek /1076 142.9  460.4 648.6 127.3
SRS/ (m?-h™') 304522 400664 412257 477704
THFETUII B SR &L/ (kg+h™") 3.2 1323 191.7  43.6
FBEskber™ L NI 25 e/ 1.3 1.3 1.3 1.3
(kg-m™)
Z A kg e A AR 608.1 2578.6 3737.5 850.2
R/ (kg-h™")
M RIAR A &/ (kT kg™ ) 20830 12910 16140 19610
ZRITEM R/ (kg-h™) 750 513.0  594.8  111.4
MR A MR/ 1,33 1,29 131 132
(kg'm™)
Z R RIRIEA PN/ 721.3 3270.4 4626.3 1018.6
(kg-h™)

3 ZRFMAIREFEIRERSH

BRI H LA IR KUK ZE 10 ~20 m/s S B PY,
PRIk 2 X 3 k8 A PR A Y TR - Bt = AU
TR BT, X N R G % UMLFE L A 1 o, (R
Xof o7 A5 T ) R AR KRR . ARG AN ] 2 XL
s T 25 B H — R A R Y8 a5 = XUR 4
BE TR R 3 X I H B AT R R AT T A A
53T .

3.1 ZXFAIE—RERELIESHT

2 H 25 2 KRR s AR e ge - an &l 2 i
Ro TR E AF b % R A
SRS Z NAE NI HEICE, R 2 gt H 4
PEAS 5 Lo BE AU TE R PRI A B (A R T AR
BEERA 5 BRI 70% 247, BAN, Tk

F44 55105

B, BT 5 C T RS E SRS B
EET AT MD], D) HTFZRERK, KT
AT ESRA IR R B (P R RE i T A A AR
R 2 T T SRR RS, R
S|4 b AF b B AR 25 DR 2R 110 5 T, 7 A T) i 326 5 1)
KL D T AR AR T AT BRULLAAE,
25 I 2 Bt A P R 1 BT, 45 L 35 A 1 48 B AR
BWTRAT , X 555 18 B A A RRAL S 80 1 ik 5 1%
TR BUAS P AR A AT e — B . DL B it
R 3 K B N AR A5 R S U i e i
BRAN EERNE

~ 887.4

JG
55
g¢g

@ o
I

/

[

U

1019.9

12 5500} o2

}Q ‘5‘(5)88. \ 1160.9
~ 4000-\\\
§3500-

mg%M 736.5

101112 13141516 17 18 1020 1200 900 600 300 0
FHWE/ (m-s) T AR RA T o0

.

Ji

1

1—A T 32—B T ;3—CJ 34—D "
W2 TARERFHI

3.2 ZRFAIEFEILIES

FR G B T R AR TR = XUF
LK RGBT RFEIX 3 B, Hrh =
AR FH 55 10 Xt 1 5 5 =2 XUt R B B0 466 6 7 £
HESPA K, REBITHIGEFE FE L 5E KAL)
B Z R A ) A G, £ L BE STy
S AT AR T AL 3 FR . AN RIS i A 2 R T
MR GRBITHIGEHAEZE R BN, AR R Z
WIRE R P R E 22 R BOR . Ga % IEE,
TEZ WHI R E 5 5 T, 026 2% i P e i e e
F R — AL e e S B C T

= 1400

gé 1200 3,4 958.8
= 1000 B A 54
g 800 /// L [ 2 A 5908
819.8
2553.1]
705.7
1792.0

538.7

S

w

[\

=
///\
\
\

765.2

BWNWHE/(m-s) R/t
1—AJ " ;2—BJ " ;3—CJ ;4—D )
M3 HHESRIT



2024 FE 10 B

3.3 ZRFAIR_SLBBHELLE S

H e FLAT 5 B IR = 000, = XU BR e A B 2%
PR AT A AR HERCR . D34, e R Y
WS A 1) AR IR, L = AUk
PRCHE Ak S Z WA R TE oG, Z WAL B
B TR 5 R R 25 RN 4 FrR, 2K
b BB 15 58 A B TR I v i e Ak B A e S
I, B FUHTI A A )R 3 a5 AT T B e e
HAE 1 000~8 000 t, = KACHA4E CO, JHE R TR
18 721.4~37 686. 3 t, AIAI/RYE ) Z KA HL
Bt 9 22 S AR R, HLSTAz v T 6z 1 B P AR 1 €O,
WCHESE PR, AERTAE Tl 2 ORI E 1 B 26
Pk 2 it AT S et BUHR R i ¢ )

10000f

- F 8721.4 4
8000} -3
= N
B 6000f A
;% 40001 _4 TTTTe—
& i O 37686.3 3
i 2000 w

0
ﬂﬂii Z%g ﬂj 25451A5. 2
# 30000 ——
ﬁ,ZOOOO 1 11294.5 1
*2 10000~ = ‘

0 |||||||||||||||||

101112 1314 1516 17 18 19 20 4200035000 280002100 14000 7000 0

R/ (m-s7) Z WA A B /1

1—AJ ;2—BJ ;3—CJ ;4—D /)"
4 - gt

3.4 ZRFAIRWERELIESS

£ CCER W HE 5 )5, i — A fb = XUAL 2]
FHIU g 322 i 2 XUR A 5 e g A0 — S et
W IX 2 F A 4, FEAR F k23 B, CCER il
WS B E A 60 J6/t, 2 WAL BEA FH I H 1) 4F B
A B IR R 1B TR R4 IB 1T
BARIX 2 F A, AR ITEAT4AERR 10
AR 20 AFHA K 30 AR ARG = XA BRI H AR
P RASEA TS, 2 WALER] I H B s
ANEAE R TT A SZAERE AR 5 i, BiE =
Wiz BB T, R GRis A TRE L EEHE N, o A
Wl tE AT, IO H B RN T N R, R = X
AT E B2 R RE T, R e R = R iz R
T4h I BB T AERR A4 T W B AR R A B
WA, £ E 10 AEWIZEGRNE B fUE, A2 A
LM E, 20 4E) CJ7E 13,2 m/s DL F iz i i
AR IEAE, BE AT 4 PR — 2042 T, 30 4R 1)
)BT 7E13.5 m/s LT I CJ 78 16.9 m/s DL i
B IE RN, B TR C )Ry B4 X
(RPZ AR A ) Jzs e T HoAt 2 bk Tt B Rt 7E

SBRUERSE  NEERAPIERGE AR H 2 X PSS I RIB  TRAR DT - 211 -

Kz A7 i S ik = Mgz s T, = XA 3 H B
LR E T

a)

360 DD DBy R gl TS Bmihm. p 6 = “R
A S, t | oo mom et 1600 R
= 300f 5 T o | e |0 B
. <o | veres T
1B 240 8 %
5 - 200 E

0

120F 900 0. 0. o :

§ P oot ol o RPN - | A
W -400 2

)
o

388
0080

7
3

204EI A KA /(T - a7
I 1

g

10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20
BRWH/ (e s) BRI/ (m-s)

1—A ) ;2—B ) ;3—C ) ;4—D ) ;5—A J A,
6—B J A ;T—C A 8—D T HIA ;9—A ) FIiE
10—B J A ; 11—C ) FJ3E ; 12—D JF)3E

K5 TUE Yk A

4 ZXFAIRUSZ FESH

M B3R 3B AT R — Al = XU B E
2% BT = K e e e, i E
1) S B NAS A T R AR TR A LA B i i L FE
AR, L20 4RI C T AE M A T R R ]
G T AR KT 2 WA BRI H ISP
() 2 AU R I Y B3N 4 X T M i g ) R
Z AL PR H W g BB 5T & B, K s TE B A 28
Tete, BRUL, TEARGE T U A I ELAR DURIE 2 X
Wiz HETE 10 m/s 2247, XGRS EREE 1~
6 km Z a1y = KAb B H 2% B H i CCER XA
J& CCER BUSR 1Y W 3 F- i it 2 itk A7 4e 3, 45 R
Kl 6 i, BEESEKEMRT:, & 8@ KRR
MR T =7, PRI A WS P g il 2 RS B
A T B0 B S PO 4 % Vi s i, R Rl T
BT T 2 | AR B P MR — 1
b2 WAL BRI H IR RN, PR 2 il 2 1 m]
X 22 J5 0 2 XL BRI 20 AF 3 10 28 61k 3R £ 7 17 2R
P AL A

=125

min
[3*)
(=]

.

—
W
T

—
(=]
T

BLIGTA T I Bt/ (m -

(=} W
T

10 20 30 40 50 60 70
ZRER/(FTm?-h)
(a) A% f& CCER Y& 25



- 212 - A AL T 544 55510 H
Tl FHHr i, HiTHaelior M, S yLa i b J1isfr T
‘g T N N N et RN N N N
S e BB PR IR RS A R 7 AT
E 6 - 5
s ‘ = WUE R BB IR T 2t
= 4}
E AN
S 2 _ 7
£ e e L) ot 2
= 055726 30 40 50 60 70 % F imﬁa
ZREER/(JTm?-h)
(b)%1E CCER U5 T A LI A L]
B . 1—1 km;2—2 km;3—3 km;4—4 km;5—5 km;6—6 km Q Q
6 20 4 MM — b Z R4 TR T B oA U
- ) ] ) (a) ZHuE R =X (b) WA AZ A

5 B — L RF R RGE

5.1 ZREZERFEYHIRIT

W Z Mk R G Rw) iot R e 7 B
R o IR Z K5 | KU 6 Fi sl ST 20
B ARG XU LB CZ KA 5 ST = XU B H
o WU 20 S P, PR AUE = R 16 A = XU
REIEA T e . LT s B
J058 WAL KRR IR, 385 1) = G KL 13z AT
SR P ik R GE B HL BT IR AT X 2 HE AR )
TN TEI AL A2 X B S X R A I W = KUHE
WOHERER . S350 A8 Z Wik A T8 L BB — BLEE
B EA KR, DU IE Z WUk i 7 rp il
B H A BESE K Bt HEBR | FEARRS A b i 1) = X5 7K
i, RIER s TR

N ()
FERHL e

REEE = ==
HLEIITT] - | L Rm
I}
BiKki] BkIT Bk
A ' HutEEh]
=%, [T (T 5 5 2
51U | / | /g
FHZR —»Ig\ \\BCIM— THZR
| sk hshsi |

Hs U b

, Y

B b1
TR @ @ TR
W7 #HzZ Rz ZaFiitrEl

I Z AR B —OKGE AR IR L ) A0 4
HANTEL 8 s B 73O E XURTRUEE A A 00X TR IR
2 M7 Ho i T =2 WU 2=k XL A
TEHRAS , 2R I 0 U X AT R e B 70 2 U 25
KA HERT, LI AEBCRAT, XA
A R 875 2R 28 1 = K Rt
ACHH = Wy 22 Ge i Rl i, 0 2 KU A
AFFAE AR T2 A LT Sl H ) ALY

K8 #HZ M-k NaBEFR

5.2 ZRF AR RAF M

PLC T R8I, o = KAES i B2 2 20C,
AEXTREEE SR 90% , H. I8 3 57 24 45 ek 3 53 i 3¢
NG Z R T S R AR A AR T R D T
IR T A B IR A = KSR S B seR . LAFR
B B -25~30°C MR, WFFE AR A ST IR B T 2 KUF
FHXTER AR 2N, 4l 9 BioR, BE&E SN
25T IE WA, 5 I = KU B 226 o R R S I
REA, i R B TR R T S KB I 45 38 Py AT K
I K R E HE S R G BEE PREE IR B R TR
1%, 5 2 RTE R KA 1A 5 I, L= XU
JE S SR R 2 RO R BEE
PRI BE AR ARG, 58 P BORAE 50% 77 FI4UE B 1o
BAT FRCR A AR RS, B AR R S
W I Z WG TS PRIE 23R 4N, L 50% H 1
WS R IR B D e K B 2 FlOR ]
BRI SCR AR E AN, 546, NEL 9 h
ANHE 5 B R IR EREE T = KR X5 P 3803 1) A
B3 A7 B, TR IR PR BT S ZOR 38 F-B 5

< 0.8
ﬂﬁ 0.6
= [
§ 04f
.b( 3
® 02
§ 0.0 =
L o
§ -0.2 :
-0.4} )
30 25 20 15 10 S 0 -5 -10 -15 -20 -25 3 =
100 FRERSE L/ C 0 =
N —o— RO Z RARHEEE 3 U E;
Q 96 F 98.2% 270 {300
= 95.3% )
z 92r 92.5% 464 o 600§
88t 90.0%
% 87.3% 841 1900 =3
84T "34.8% 1014 =

1—HR PP AUE BT 52— 7 509 TAAT 5 3— XA 2 XL

B9 & = WA x40 3 2 i % v



2024 FE 10 B

MAAFIESLETT ML LR G 58, Z KA ARip —
YRR A AR B HE ) ] A ) T iz A5

6 it

W Z B R A b — R KUBEAT RIAL B
B AR H Z M bt . AR 245 bria
TR I Z R A — WAL B T AR A T 285
YRR/ A3 2 B EZER AT

(1) BERL — IR AL B = X e B BRI =
ICELRE B — X H AR AL B B IS T
VR WaRE S O SR N DD Rt =0l i SV RN [T =
AT DLZWEANT: . JOT R By b A T A

(2) BErL —IRAL AL B = XU e T 2 B4R B
EE MAARIRB 28T H AR R IR T = KAk
PRABIWACAT | FCIr 266 00 4 0 B ey F) LU 1 R
ABBERGEN A = X AR — U PR B BB
i, (AR B AT A B, T S A B T H
A,

(3) AWFFES A R iz KT = KU 5 R
SR R 20 AR B AP R T T S,
TR | A A (5 HEBD IR A R O
L — A Al = KU ] AR Bl i 28 0w AT M ) 2P
HH

(AT T —8 = Wik REE, X I
M 2 XA B — WU = A 28 SRR IR B 4 i T
PeATT S o Xk = MG RE | 132 25 52 i DR 3R 6 i A 8
RGBT T 0 H , 45 R R W H = K& A By
A B TAE AT N B SR B R R T

S 3k

[1] Ipce.Climate change 2014 ; Synthesis report|[ R . City; Geneva In-
tergovernmental Panel on Climate Change,2014.

(2] /AR, S, I E. < WUBk ™ EAR T ) FR el il o il 2
y5EE [ T] FREEIREM,2023,51(6) :32-36.

(E#% 207 R)

[15] Carbide U.Feasibility of the silane process for producing semicon-
ductor grade silicon[ R].New York ; Union Carbide Corp,1979.

[16] Zanta J, Laskafeld D. Liquid-vapor equilibrium in the
trichlorosilane-methyldichlorosilane-silicon tetrachloride system[ J].
Chem Prum,1969,19.539-544.

[17] Zhurenko E M,Karasev V F,Petrik A G, et al.Liquid-vapor equi-
librium in a chlorosilane-based system[ J].Zh Prikl Khim, 1991,
64:1907-1911.

[18] Olson J D.Measurement of vapor-liquid equilibria by ebulliometry
[J].Fluid Phase Equilib, 1989,52:209-218.

[19] ET9iR. =G SRR IR E B Rk e $0 43 ik i £ 22 i ik T2 20
T D] R I KR, 2016.

[20] You X,Gu J, Gerbaud V, et al.Optimization of pre-concentration,

SBRUERSE  NEERAPIERGE AR H 2 X PSS I RIB  TRAR DT - 213 -

[3] EPREEVEE (lea) . Methane Tracker (4 5 [ EB/OL].[ 2024
02-11].https://www.iea. org/ data-and-statistics/ data-tools/ meth-
ane-tracker.

[4] Mo R vk BE BT £ & U FOR T AT [ 0] BB U6 5 19 /g, 2019,
(8):143-144,147.

[5] XUz 3k, BOIR 2205 e, 45 W 32 %8 7 I8 I a0 B 307 ) P 4%
ARBJEEL)] MEHALA ,2018,37(3) :168-169.

[6] HEF,5KkF5 2 BT BB R BT 5 % M [T]. T o
r%%,2018, (31) :132.

(7] BTl R B2 B R R BT [T R ST,
2023,43(8) :9-13.

[8] WA, M AE ARV B O 2 2 H IR RO 5T [ ]9k
4530, 2017,44(6) :1-5,16.

(9] TRBR, 222 ARV 72 s W e 4 40K e FBE I8 J= AU FRY G WF 52
1] BT ,2023,49(4) : 1-3.

[10] FRDUN, Z8)7 2, SRR ARV B AR 2 4078 s I B o R e 5 3 e
[J].BU4RAL T,2023,43(9) :57-60.

[11] ZEEE 20, EEFS, 5 VT E SR X E B R O
BORG TRV J] A5 ¢, 2022,50(9) :42-50.

[12] SEmizE  DURMING 000G, 45 ™ B0 28 e Wi B i 4l o 114
FEHEREL )] P ERE 0% ,2023,53(6) :992-1007.

[13] Yang Z,Hussain M Z ,Marin P et al.Enrichment of low concentra-
tion methane;an overview of ventilation air methane[ J].Journal of
Materials Chemistry A,2022,10(12) :6397-6413.

[14] #ogi. 2 WEHIR AR B E RG] 0% e
fR,2017,44(3) :33-36.

[15] el € AR B PO & AR R PR IE T B R [ 1]l
BAR G ,2017,44(2) :111-115.

[16] Brafe MRk i & PV AL AR G n B BT [T 07k %2
L5 ¥4,2017,44(2) :62-65.

[17] MW BT, RISHE 45 e 5 R 203 PGB Bl 3 5 XUHE
FERERa AL ] P ERZET,2023,20(2) :39-42,38.

[18] BRtHkE, ¥, BT, 5 M0 2 XU $A S h i 72 B A 40
[J] k2= TR ,2023,51(1) : 78-83.

[19] AR, F 3, ZEA5 A AR B T BRI AR o %l B AR RLTE R
B Ay A AFFE [T ] 4 AE 3 01 TR, 2010, 25 (3) £ 287 -
291,357.

[20] Wang Y,Liu Y,Cao Q,et al.Homogeneous combustion of fuel ultra-
lean methane-air mixtures : Experimental study and simplified reac-
tion mechanism[ J].Energy & Fuels,2011,25(8) :3437-3445.
WAL VR B R e R R R DR T R [T ] R R AR,
2022,41(1).101-105.1

[21

[

entrainer recycle and pressure selection for the extractive distillation
of acetonitrile-water with ethylene glycol[ J].Chemical Engineering
Science ,2018,177:354-368.

[21] Medina-Herrera N, Tututi-Avila S, Jimenez-Gutierrez A, et al.
Optimal design of a multi-product reactive distillation system for
silanes production [ J ].Computers & Chemical Engineering,2017,
105(4) :132-141.

[22] Gadalla M, Olujié¢ 7., de Rijke A, et al.Reducing CO, emissions of
internally heat-integrated distillation columns for separation of close
boiling mixtures[ J ].Energy,2006,31(13) ;2409-2417.

[23] Demirel Y.Thermodynamic analysis of separation systems[ J].Sepa-
ration Science and Technology,2004,39(16) :3897-3942.

[24] Nguyen N, Demirel Y.Retrofit of distillation columns in biodiesel
production plants[ J].Energy,2010,35(4) :1625-1632. 1



