%40 % %8 2 Aok X F F R (B KR HAF RKR) Vol.40,No. 8
2019 % 8 A Journal of Northeastern University ( Natural Science) Aug. 2019

doi: 10. 12068/j. issn. 1005 —3026.2019. 08. 009

KHEHEPRESEEFN SR NFESR

WaRF, Réyd, TRIE, & B

(FRAUR: &0, 107° JEfH 110819)

1 E . SR Aspen Plus FA40F fE P Re it A B S i GUR N HEA T ) S 0T AT R B, e A (R ES
CO, WZRRHFL) AN BB AL H 4% (7SI CO, WM CaO) e fd: S i R 3 AR 8 TR IR AN ng/ne (Z81RE C W)l
R L) P INARAR (6 H, A9 7= AR (T P= SRR 80 380 5 ng/ne KT 3 LURIE IR A K. CaO 1Y
BINEAR I TR W ERR | AR A T RS 4R T H, PR R MR . 2 ng/ne =3 I, ISR AL TR (neyo/ne
(CaO 5 CHmAEE ) = 1) AYsRc S I T P 3738 E 8 19 650 “CIEH 450 °C, i 100 mol FE 4P e <™= &
-y 186 mol 42 7 9 212 mol, RS2 $ th 74% $12 T+ 5 97% |, 1 H) A AE FE N i 2. 26 kW -h/m® B
2.00 kW-h/m®.

X 8 i PR ARV R R AL TR

hESHES: TF 09 MERFRREAD: A MERHS: 1005 -3026(2019)08 — 1110 —05

Thermodynamic Analysis of Producing Hydrogen by Sorption
Enhanced Steam Reforming Process of Raw Coke Oven Gas
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Abstract: Thermodynamic analysis of producing hydrogen by the steam reforming process of raw
coke oven gas( RCOG ) was carried out using Aspen Plus software. It was found that the normal
pressure was the best pressure for hydrogen-producing reaction by the steam reforming of RCOG
without CO, sorbent (i. e. , ordinary reforming) and with CO, sorbent of CaO (i. e., sorption-
enhanced reforming). With increasing temperature and the ratio of steam to carbon(ng/n.), the
amount and concentration of H, increased, while they changed slightly after n¢/n. was over 3.
The addition of CaO enhanced the reforming reaction process, resulting in the decrease of the best
reaction temperature and the increase of the amount and concentration of H,. Compared with those
by ordinary reforming, the best temperature for the reaction by sorption-enhanced reforming with
N/ Ne =1 dropped from 650 C to 450 C, the amount of H, increased from 186 mol to 212 mol
per 100 mol RCOG, the volume fraction of H, increased from 74% to 97% , and the energy
consumption of producing hydrogen decreased from 2.26 kW -h/m’ to 2. 00 kW - h/m’, when
ng/nc =3.
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Table 1 Composition of RCOG
o BEIRITEU% Iy JEE IR I/ %
H, 43.3 CH, 25.3
Co, 1.6 C,H, 1.8
N, 2.1 SO, 0.1
H,0 18.6 H,S 0.1
co 5.4 C, H, 2.6
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Table 2 Main chemical reactions of producing hydrogen by the sorption-enhanced steam reforming of RCOG

il A R SR BB 75 AHg,/ (KJ-mol ") 4’5
PR 7 N nC, H,, + kH,0—mC H, +oH, +pCO +qCH, +rCO, +sC — (1)
ke n; - €\ H,y + H,—C Hy + CH, -53.89 (2)
C, H, +17H,—11CH, ~1075.82 (3)
Mz CH, +16H,—10CH, ~1021.93 (4)
C,H, +9H,6CH, -599.71 (5)
C, H,, + 11H,011CO + 16H, 1 401, 54 (6)
C Hy, +22H,0—-11CO0, +27H, 1 026. 27 (7)

s C, H; +4H,0—~C,H, +4CO +5H 478. 64 8
Zﬁ‘{%i%fim 10778 2 6776 2 ( )
C,H, +6H,0—6CO +9H, 751.58 9)
C,H, +xH,0—xCO + (x+y/2)H, — (10)
CH, +H,0—CO +3H, 225.22 (11)
C,H, +11C0O,—22CO +5H, 1776. 82 (12)
FEEF)N  C,H, +4C0O,—C,H, +8CO +H, 615. 10 (13)
CyH, +6C0O,—12CO +3H, 956. 28 (14)
‘ C, H,,—11C +5H, ~91.88 (15)

[] z,
*/\ﬁﬁ("ﬁ/ﬁkfim CXHV‘._’XC + }/ZHZ - ( 16)
CO +3H,«CH, +H,0O —225.22 (17)
. 2 4 2

WBELIRL +2H, CH, -89.45 (18)
KBS R C+H,00CO + H, 135.77 (19)
KBS AS R W CO + H,0<>H, +CO, _34.12 (20)
DUJR RN 2CO«>C +CO, -169. 88 (21)
TR AR 1k R0 CaO + CO,«>CaCO, -167.62 (22)
IKAL Ca0 + H,0>Ca(OH), —61.88 (23)
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Fig. 1 Steam reforming process of RCOG
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Table 3 Operation parameters of producing hydrogen by steam reforming process of RCOG
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reforming process of RCOG
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Fig. 4 Effects of temperature and ng/n. on
producing hydrogen by sorption-
enhanced steam reforming
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Fig. 5 Product distribution of RCOG via sorption-
enhanced steam reforming
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Table 4 Contrast of the hydrogen production data between ordinary reforming and sorption-enhanced reforming
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