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Abstract

To effectively utilize biomass straw and reduce reliance on traditional energy sources, this study
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proposes a co-gasification scheme of corn straw and coal. The gasification behavior of straw and
coal co-gasification is simulated using the Aspen Plus process simulation software. Sensitivity
analysis is conducted on various operating conditions, focusing on the composition of synthesized
gas. The results indicate that gasification temperature has a significant impact on the simulation
results below 750°C. An increase in gasification pressure and oxygen flow rate has a detrimental
effect on the simulation results, while steam flow rate has a positive influence on H; volume frac-
tion and yield. By integrating these observations, and considering synthetic gas yield as the or-
thogonal optimization objective, the optimal operational conditions are determined through
range analysis. The corn straw-to-coal ratio is set at 40:60, gasification temperature at 723°C, gasi-
fication pressure at 1 bar, oxygen flow rate in the gasification agent at 200 kg-h-1, and steam sup-
plementation flow rate at 440.43 kg-h-1. The optimal simulation results yield gas components with
H: occupying 29.72%, CO occupying 20.18%, CO2 occupying 6.49%, CHs occupying 0.298%. The
hydrogen production rate is 78.21 kg-h-1, and the gas yield is 2.923 Nm3-kg-1.
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1. 518

FEATAE Aol A = i R b e WK R S, AR E 7 sURLAR IR . Mhbess s, (HIXEET7 ik BA mis
B, DRIRFCHAHIZAR, ACBLACA R G5 6R (1] [2] [3]. HASFHE AR BRI —Fr, H BRI
R R, AR HERE R n, BT s AR5 Gt i 750 F RS T BE U S Ak 2 23 S ) #A )
Ao WEFRNGIRIL, TR E SRR AL AR A A, HOX AW AL R o aT DL
WATTR IR & R TR I RE R ARG, (HAEYIBUE 9 A G BRI, A U U
(AR, AT SR LA SRAE RS AT vh s I A P s AR B AT XU 70 3 S mT AR R A AV T A%
ACRPRAE Tz o0 A, HAESER A #EL & 7 Al 3R e . R 2 T IRbe A B S5 A% S RE IR UK,
EARGUR A7 O AR SIS P26 1 T S [4] [5]o AHELERIN &, AR AT DASEEUG B ) 2 #E 4L
A, AR LA R PR 75 2, 10 HLRER BRI AR E BN M s A S 1 ) SE BRI [6] [7]. 25
JE I (B R RRAS Rad ,  AEAUL R Ao A LR FA S S ) AT 703 5 35 b xS A AR P i R 2R AT
arirAnLA,  BEAMIEFEN SRT LA RSB AR R 2 AT 7 B S L85 (30 1 2 et L AR SR, A
PRI T R SN FCSENE L, A S S SRRt T k. Wegs TR, Al R Aspen Plus BB 1t
REAT S BEREAT I AR, IR FERAE SRR HEAT W T, DR B AT

BRI RS 9 B AL R T, v T [B]AE AR AT BT FExt &, 4R T — R AR
WAEA L Z, - Aspen Plus BEUANF AL AP0 ST B A RS PRI S, 45 SRR AL i &)
KA CO, AT ASR 7™ dil v H FOAR 70 B [FIREM, 7 SR [9] LA A KAEAT AT AR R, 3lid Aspen Plus
HE AL R IR s R AR, B AR R LG(ER) KR SIBNE (S/B) LA S S AR T 3 B AR
PERIFE, i 1A SRR R PAT S AR IR M iR LT 58 Bk T RSAT, KREHAERAANR. R,
LIS IR IO N EYI BGERHA 7, Gt BR[ 10T LA JE A B R, DU UARARAL B, S R R
ISR S R SR . 5 IR, Raquel Tavares [11]00) DU & 4 #R AR IR FE 0 N FE0T 5,
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FC T AR EE AT BE R AP 57 A5 G 8 2 Honk 7 S IS o TTTAE 5% T 1 5 AW B XUAE 73 36 <
WHARKIHEFE L, Singh [12]03E1d Aspen Plus JT % 1 8RS AE IZ&F OB, 318 7 ROV A8 FE
SIB. HRLE BN NG K /)5 T ES O A PERIFEM . 10 Rosha [13]00) S50 SR A BRI 7 43t
AT, I BT ADR AT AR B ER XA TR IEABR SR R . Okati [14]
JU3E R Aspen Plus S S7 /S FIRERY,  SRAEIU AW B AT A 25 B T AL <A s, 58 T ER. S/B. )%
AN TR A SR L 2R IR R o 177 2 R [ 151388 5 0[] B 0 PR IR AR A SR, DA 35 1 28 AL 2450
NBFFR R, 28T T ER AUKZTHC LU 2R I5EM, JRiE 1 IREERAE & MF. B T LR YR
JERE, A TTEIE T TS AR E Y O 2 3R, IR . AR AN AT S [16]-[21].

ZR L CLRO SRR R T, A A TSR I AL BT b, RO BT XA A Ay
—HA IR TE, HAORE ER SUEFIR BN & KT A RE RN o SOASSCE ST T RS AFA
BRI R, IF TG SRR KA R IR R 15 2 A R A
gy ARSI . AR AN S L E WA RO R R AL E A B R S, T RLE A
T 1 AN R3O0 AR R rh & B 7 B R o RO HE RS AT AN S5 BRI R s ORI - HE Sl i v RE YR
A e BT R Lo

2. RBENT
2.1. ¥RLERE

A% F AR b A 77 ik R A ) R OR RS AR N AE W R R, AR Sk s I EERL R E SC#ik[22], F ks
FrRTR ST 1 s . AU T KRFEF SR ER RS2, SRS L, ME
1 RK-Soave 4 J5i /71

Table 1. Industrial analysis and elemental analysis of corn stalks and bituminous coal
= 1. ERFEFATAEER T A F T = 54

. 7
TALSH71% TEE AT I% ﬁﬁ@@
) '
M FC V A C H (@] N S
*%*?(BIO) 13.10 13.45 60.77 12.68 42.49 5.36 34.57 1.12 0.63 13.75
ﬁ(BC) 4.33 65.38 7.57 22.72 70.03 3.74 8.23 1.42 0.86 29.76

2.2. RERBHSAELRE

A T A R B AR SRR RO R A R s PE AR i L Al B2 & < 32 %E H,. CO.
CO, CHyv Npv 7KFES. FREMAMESIRA K. BRI TEER LR =B RN
AR B RN o HAER SN 2 TR P RHE TC S B AR A R NI o, FE m iR N R A B 4
fR RN TR, B AR BRI o S . AR SO B RE AL O BLAE i RS, AR H
TR BN SACI BRI A SACA R R N AE L CO Hyy CHyy COL 28R AR . AL FE i 32 B A
b2 8 WL 2 [23] [24] [25] [26] [27].

ML UL IR AR B R ST 3R, 7E Aspen Plus B {E B ST AS T AL SRR, A 1 TR
AL ERE 12 MEEEL, PEILE 3. K} FEED-BIO il FEED-BC 43 %l \ RStoic #He 08, I JlE
SEP2 i /) Bk 4y, 73 BG I T HEkE N RYIELD #Herh /0 i i . H,0 S K%y, B e kit
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SEP2 FEBR AR S prid 2 b R S 2 (B, K 3R A B 5 U 7RI RGIBBS 5Bk S LLASR ) vy LA 198 B I (8
e R EE N R1CR2 H R3), KERBE SN JG T EHE N RGIBBS 5N s Bl A v B e i A S i (3
LRSS AGE RN, SN (7 28 I IR 93 o B 48 AR 93 3 B s A 0 P B AR Gy MUK 93 8 o

HBRAMRMIE AN, N T A, FEH DUR S EES[28] [29]: (1) MR EIsAT P R R
W&, T SEA R R AT (2) RBEFEF 7 TR il L= B, HEAG;
(3) MBI RNTETENIR, A2 5540 R (4) S5 S AE W BUBURL R AL P I 8] 58 VR A5+
(5) I UM R SR S 5n,  HIJIAE P4, (6) AMFURRLIR S, WERRENE, (7) " RBE
IS8 Hys COy COzv CHys HoO. CoHys CoHgo

Table 2. Gasification reactions

2 "URE

S R SR TS
SEA AR S B C+0, - CO, R1
3 A SR 2C+0, - 2CO R2

— S AR IR R R 2C0+0, — 2CO, R3
IR RN 2H, +0, - 2H,0 R4
FBERR e I CH, +20, - CO, +2H,0 R5
ikt 2 S C+CO, — 2CO R6

— YOKBE R H,0+C - CO+H, R7
RIS N 2H,0+C — CO, +2H, R8
IR e S 8 H,0+CO — CO, +H, R9
R BeAL, s L 3H, +CO — CH, +H,0 R10

Figure 1. Process flow diagram of straw and coal gasification for hydrogen production
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Table 3. Description of Aspen Plus modules
52 3. Aspen Plus #&1R 15 BB

B4 B ik 18
Il RStoic P2 28 SEAEITKS
RN RYield i e )RR LR

B-BURN R AvE AV TR B A

B-GAS RGibbs BRI TR AL

N SEP Y415 2% SRR 1K 5

D-SEP SEP Wy oy esds DERSY IR

B-SEP1 SSPLIT TR A ISP P L K g

B-SEP2 SEP Y55 S 2% 5 BRI R
B5 HEATER e IE o BEHIK SRR

2.3. {RBEGR R YHIE

XTI ST AR, ATOR LG 7 SR b FORREFF[O] AL Ak, AT ADUA R AR AR A B XU 53 [30]
SACAE SRR 2 A1F T S RADL A5 R AT AR IO UEAR R, SR ESS RANKE 4 o, RS RAR YIS seie
IR BA RIFH— Bk, MZEE TR 2 A, Hom 22 FORIE AT RE 2RI TR R 22 5%, ER] T A
SCHT AL A AT -

Table 4. Simulation results vs experimental results
4 BRHERELNER

RS H, co CO, CH,
SERE[9] 11%~17% 14%~18% 11%~17% 0%~1%
HAME 17.251% 14.10% 12.77% ~0%
SEEHAA[30] 50.32 34.71 8.49 4.10

EDN[EN 55.56 30.89 9.21 3.38

3. IRUGRS L
3.1 ERFHSEREEMNEIE RO A

W 2 FiR, M0 T T KRREAT S0 Bt & SR R B s i . S R BA 1000 kg-h™,
RS AFIT R A 2040.78 kg-ht, Pt FOKAEAT S B RO BT R EL AR, B SR ELBIE n, AT LRI CO
H1CO, KA N AR, 5 BEAYIGAIE SR [30] AT AH [F] 1) ARk 34, b CO 25 & A\ 16.76%35 1 % 32.18%,
1M CO, & M 11.47% NI Z 1.16%HH iR /vl LAESE y, SR Lol g in Al 45 & i 2 3, i el 2%
SAMFIPESRERBRS], 15 C FESKRAEANT MR N, BT &M Rl. R3 M R6, #Hflif
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CO, #TH#E, RIEAEAFT CO KT IA3HT, M Hy A% TN mf IR T R7, R8 Hil RO M H
E AT, WA SCH H A T KRS AT 50 UE AR T KRS FT AT o EE R e AN, WO R KRS AT 5
Tk L. 451 Ay 40:60.
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Figure 2. Effect of corn stalk to coal mass ratio on syngas composition

2. ERFEFFSRRELNEHRSERSHHIFNT

3.2. SHREXEMERAIFNT

wiE 3 Frow, SRR G A RS e —, B 3(a) R AR LR AR T AT R
SRR, 7R 750 C 2R, A A& KARIZIAEAL, 10 CO Fl Hy 437l A\ 0.41%F1 5.03% 54 i1
£ 25.87%F1 17.99%. MHJ5 Hy FUB0E A T R, ESARRFRRE, MTE 750°C 2 G S M A s B A K.
R ERI R R FE N, H—, RERREET, BRI AR R B A R . BEE RN
TR, XA FE R R R NS, HIn AR - KRR E R RN, B CO, F C (AR HGE S
RN, XL AR T CO, ZE5HRFE CO, MR, 1 CO Al Hy PRI EFt. H=, 7ElREH
750°CJ5, Hy MR Hams A R, RAIREIEA KR X FE B H LR B 9 1% B 7K BRI e B o 32
SHUAL, T ETIHFER Hy 5 BRI R Hy iE 3 1 PERIRAS, X2 Hy R BB B A IR R A .
3(b)E7R ARG E X A A BRI E SRR F108 1 bar, MURURSFTHERLAE SRR 1000 kg-h™, A,
3 2SR A 2040.78 kg/h, SALIRFEE AN 400°C~1500°C ML, 2S4S ALIREE N 750 CHY, &S5~
Bk KAE A 4057 kg-h?, IXEFEAZE R6. R7. R8. RO RBAIRAI, AE & ETF, XA
IR FEIR B — (AR, SN R BRFETAT, S EIREHEE .

3.3. SHENEMEREIFNT

wiE 4 For, SAETJHR PG RAARME RN EER R —. B 4@) BT NSRS
B AR RIS, PR Hy M CO MATR - BRI, 11 CO, F CH, SRR 1 Bt &
Ha IR BN A 700 1 bar I 17.68% B AIC 2 46 He 77 50 bar IS /) 12.55%, 1M CO FIAFR 7%
MM 26.72%F#A% Ny 17.82%, CO, H1 CH, IIARFA 73 20U 7 A3E K 2 10.01%A1 1.92%. X ZF N R6, R7
R TR R M N, &R A7, AR SO ) 3 F- RN 7 AT, BRARIT H, &2 CO 1)
A, BRI Hp B2 CO =232 BEARIT, R CO, =2 Ty o FF HLE 3 i, {345 s CH, B SE3E Jn,
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i CH ™3 BT BRI, A S e m S & B A & R . B 4(b) W feos 1 <
PO I AR R B2, CRRFIAD S AN, K JI7E 1~50 bar 3 [ A 284k, 205 B 39.70 kg-h™
PEARE] 24.79 kg-ht, HHULFT WAL IR AR sy, 5 FESrRokil, R E R KA 5.
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Figure 3. (a) Effect of gasification temperature on syngas composition; (b) Effect of gasification temperature on hydrogen

production
3. (a) SBEXMNERSFRIBHFM; (b) SHBEENES~ENFI

—n— 1,

w
S

w
S
T

A K/ %

it
I/.

J

J

J
I/.
J
Y

A M‘_“—‘?—‘—H—T‘—_‘_‘_T_-‘_‘—‘f | | L L )
0 0 10 20 30 40 50 % 0 10 20 30 40 50
S AR J)/bar ALIES3/bar
(a) (b)

Figure 4. (a) Effect of gasification pressure on syngas composition; (b) Effect of gasification pressure on hydrogen production

El 4. (a) SHEDMERSERSHRIENE; (b)) SKEDNES~EHFNT

3.4. SHFIFRBEIHEMERER M

3.4.1. ESSAHH O, REXRMARHFID

W 5 FoR, 8 SCE KA Oy P& R T H & B ARF BOR A S~ 5. A 5(a)
ATLEIL, S A IRURAE 200~2000 kg-h ™ JEFEI AR TR, H, F1 CO (AR /3 Hu /b, 1 CO, (fifk
Bors b, XEERZFNHTESSTENINESE C 5 0, KA EMERNAERK CO,, 15 ~Afbiis
N, 19N RL. R2. R3. R4, R5 IE[IFES), MMl r) & et T B4 13 LA 7 48, i Ha
A1 CO MIERI S EsL, CO, IR B BT, BEEASIEN 1300 kg-h™ 4, CO, IR/ 35 i
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KAE N 37.98%, XAZKN RL. R2. R3 M H IRRME 5E 2 #E. M1 5(b)ME R TS 465FH O, i EXTA
SRR, SR 46.22 kg-h T FEIREIRE 0 kg-h s
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n
) \,
=
%o 30 - \.
B AN
he Ll
E 0t AN
HEC '\
L}
w0} AN
N\
0 1 1 L 1 T\. & & * &
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
RO, B /kgeh A0, B /kgeh ™
(a) (b)

Figure 5. (a) Effect of O, flow rate in air gasifying agent on syngas composition; (b) Effect of O, flow rate in air gasifying
agent on hydrogen production

5. (a) ERSMUFT O, REMNEMSHMIBEIFND; (b) ZSSUFF O REXNE S~ ERIFM

3.4.2. KFESREMNEUERHF M

wiE 6 fra, LUKZESIENSMR, i st & BB o S &= s mim, HkES
SR A T M e b 23 B Y K 0 RO FE T W ] 6(a) it 38 /K 28 S B AE 0~500 kg-h* T FEl Y
Ak, WTPAREL Hy BIEFR > H0 M 16.38%4 KAl 23.50%, CO HIFEFR 2 HIIN 28.70%FF (K2 17.77%, il
CO, TR 7 B M 3.39% 38K 22 11.59% . XK 7K Z& IR EIG iy, {613 R7. R8. R9 X
IS IE [ B 21y, e HLI s B 3 2R A i o 7K 28 SRR S 3 I im 38 n, A E95 H, 1 CO, RIRAR 73 5038
CO BB . P 6(b) R 1 &S BAMRA VB B K 5 B AR ke, M 36.23 kg-h 3K
% 56.80 kg-h™t, HARAZHVE M 5392.64 KI-m® [ELZE 4778.35 KI-m®, 31X 3 B IR S AR AR A7 FAE 1
B AIG 2 B2 R VL I AT AR CO & b, TR HMEL ) Hy AR CO, i B SR £ .

i —m—
=1, n (R
—e— (O
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Figure 6. (a) Effect of steam flow rate on syngas composition; (b) Effect of steam flow rate on hydrogen production
E 6. (a) KESREMARSERABNENE; (b) kFRSREMNES~EFMRAAENZNE
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3.5, FRHERDR BRI G RER M

s 7 ps, i R R AR R 2 2O CO AT CO, i B BRI . A 7(2) R,

TR HAh 2 S BN, A5 BRI B 7E 200~1000 kg-h* Fr 76 Bl N S 36, AT DL BB 6 B E Rz 2 (1
Ban, AT BN 6.45%A5 L F 22.63%, CO RIRFR 73 Fo e EHE R B A 200 kg-h ™t (11 7.79%, £
HERI RN 850 kg-h ' ik BIH KME N 33.88%, UhJSREEHERI RN, CO HWMAKMAE FFE. CO,
FIARFR 2 B0 I 18.73% 4K 2 0.75%. 3¢ i IR B G i R DR K B0 LA R R IR - B 5 e b el s 2 ) 184
R BFRAE T S R BRI, R R, R2 A1 R3 RSN IE [ 7 A E), AERCKER CO Al COpo #RTM, Hi
FAMF PR R R R R e 1, SRS AR, SR TEE BN, FEERE £ CO.
AR, Fol AR B BRIE M R6. R7 Al R8 NL[A] 1 1] 77 A5 8)), {8115 CO, #HHE, k— 04 iisE 2 1) H, F1 CO.
W 7(0)FR, KRBT HHERIE X CO Rl CO, iR m AL, CO MK % 1248.572 kg-h™, ifi CO,
T A 200 kg-h™* 1) 540.42 kg-h™* [ 2 1000 kg-h™ ) 43.92 kg-h™, X2 K EsERF 8N, 4R 4E0 K&
B, fEARMESKMT, 115 CO lEmER L LT

— ——
e (0 %,
—a— CH,
—v— (0,

ARG H/%

0 0 1 1 1 1 1 1 1 1
200 300 100 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
PR g h PRI keh™

@) (b)

Figure 7. (a) Effect of coal feed rate on syngas composition; (b) Effect of coal feed rate on CO and CO, production
B 7. () BHERREXNSRSEROBHIFEME; (b) HKERLRERT CO M CO, ERIFN

4. IEZSEWwAH

TE FRBFITH, b T AR S AL g8 s, Hop SR . ST, Sk &S
BRI ST P RS EN G RS BN B2, (HR T B IR FIHERTE, LS 2
Febr, I HA AR B R KRS S B L. 40:60, EHERRA Y 1000 kg-h™, Afi4T S ALIRE |
SAETT . SR ZE SRR E A SR A SRR EAT IEAC SRR T, ARG RS ie 5, L IERR sk
KRBT RN 5 PR, AR Lo(3*) ) = /KT PU [H 2% 1E 22 S 06 2 DL 22U AR 20 SR = R e,
FLIEAS 067 SRR 6 o, MRZEHTINER 7 s, 45 RERHIN SR 32 m I ROV E i E > A%
71 > KESRE > SR, BURENRZE S & RPAF A Ll 8 fx, ¥R ERE R 723C,
SALIE S PCE A 1 bar, SALFIFP AR 200 kg-ht, JKFESKMTEE W E Y 44043 kg-h T, JF3RAE
T FP= S 445 05 9 fis, Hot Hy (5 29.72%, CO (51 20.18%, CO, (5 L 6.49%, CH, 5t 0.298%,
AT REN 7821 kg-h, A AAFAER 2.923Nm3 kg s

5

it
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Table 5. Orthogonal factor levels table
5. EXFEZRKER

IKF- BN
A B C D
AR EE(C) AL TE 71 (bar) IKZEA R R (Kg-h™) HA TR (kg-h )
1 723 1 340.43 200
2 748 2 390.43 300
3 773 3 440.43 400
Table 6. Orthogonal experimental design
6. EXXWHRE
A B c D SAEFEZE(Nm3 kg ™Y
1 1 1 1 1 2.86089
2 1 2 2 2 2.80533
3 1 3 3 3 2.75297
4 2 1 2 3 2.76267
5 2 2 3 1 2.86788
6 2 3 1 2 2.76369
7 3 1 3 2 2.85071
8 3 2 1 3 2.72886
9 3 3 2 1 2.82198
Table 7. Range analysis table
F= 1. MESER
A B C D
K1 2.806 2.825 2.784 2.850
K2 2.798 2.801 2.797 2.807
K3 2.801 2.780 2.824 2.748
ez 0.008 0.045 0.040 0.102
K D>B>C>A
RAE A;B,C3D;

Table 8. Optimal operating conditions from simulation
8. BWHIRMIR

BIESH SAIREC SALE ST bar KIS (kg-h ™ AR E(Kkg-h™)
ZHUE 723 1 440.43 200
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Table 9. Simulation results at optimal operating conditions
# 9. ML THELILER

FPER A%
SAIE R S5 ((kg-h ™) AR ZE(Nme kg™
H, co co, CH,
(EEEET S 29.72 20.18 6.49 0.298 78.21 2.923

5. &

ARILHET Aspen Plus & @57 | TG SFEFT LR ) A P, i A AR EE . Rk
FEA7. AAFI R SRR B A KRS FF S R LU & s RS- B, R EILLU R4S .

1) i R BT R, AR BERT AN Y R AR S SR B AR, A4S Hy A CO AR
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