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1) CH,0H=1/2CH,0CH,+1/2H,0

2) CH,0H=1/2CH,+1/2H,0+1/2C0+1/2H,

3) CH,0H=1/2C,H,+H,0

4) CH,0H=1/3C,H,+H,0

5) CH,OH=1/4C,H,+H,0

6) CH,OH=1/5C;H,,+H,0

7) CH,OH=1/5C,H,+1/5H,+H,0

8) CH,0H=1/6C,H,,+H,0

9) CH,0H=1/6C,H,+1/2H,+H,0

10 ) CH,OH=1/7C,H +3/7H,+H,0

11)CH,0H=1/8p-CyH,,+3/8H,+H,0

12) CH,0H=1/9C,H,,+3/9H,+H,0
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13)CH,0H=1/10C,,H,,+3/10H,+H,0 17) CH,OH+1/4H, = 1/4C,H,,+H,0
14)CH,0H=1/8¢-C,H ,+3/8H,+H,0 18) CH;OH+1/5H,=1/5C;sH,,+H,0

15) CH,0H+1/2H,=1/2C,H +H,0 HABIE AL 43 i Am o2 B L A o A T A R
16) CH,OH+1/3H, =1/3C,H +H,0 AE . R IR IS E G L% 1.

%1 MTH &8 %AS M 2R

Table 1  Thermodynamic data of substances for methanol to hydrocarbons (MTH) [H=1s]

H° G° Cp(j+ mol™ + K™')=a+bT+cT
Substance Formula
/(kJ »mol™)  /(kJ+mol™) a b c

methanol CH,0H -201.17 -161.83 20.42 1.04x10™" -2.50%107°
Dimethyl ether CH,OCH, -184.05 -112.59 14.53 1.87x107" -6.10x107°
Water H,0 -241.82 -228.58 30.12 1.13x107* 0.00x10°
carbon monoxide CO -110.60 -137.00 29.14 2.76x1072 5.00x107°
hydrogen H, 0.00 0.00 29.08 -8.40x10™ 2.00x10°°
methane CH, -74.85 -50. 83 17.45 6.05x107? 1.12x10°°
Ethane C,H, -84.67 -32.82 4.94 1.82x10™" -7.50%107°
propane CyH; -103.85 -23.39 -4.80 3.07x107" -1.60x107*
isobutane C,H, -134.52 -20.79 -6.84 4.10x10™" -2.20x107*
isopentane CH,, -154.47 -14.65 14.53 1.87x107" -6.10x107
ethene C,H, 52.28 68.16 4.20 1.55x10™" -8.10x107°
propene C;H 20. 41 62.78 3.31 2.36x10™" -1.20x107*
isobutene C,Hy -16.90 58.17 7.08 3.22x10™" -1.70x107*
isopentene CsHy, -35.10 66. 82 22.30 3.32x107" -1.00x107*
cyclopentene CsHy 33.47 111.30 -16.85 3.50x10™" -1.10x107*
2-methyl-2-pentene CoH), -59.37 70. 50 19.98 4.48x107" -1.70x107*
benzene C¢Hg 82.93 129.72 -33.90 4.72x10™" -3.00x107*
toluene C,Hy 50. 00 122.39 -33.83 5.57x107" -3.40x107*
ethyl benzene e-CgH 29.79 130.71 -17.04 5.59x10™" -2.30x107*
para-xylene p-CsH,, 17.95 121.27 33.16 1.60x10™" 8.70x107*
1,2 ,4-trimethylbenzene CoH,, -13.85 117.00 -16.85 3.50%10™ -1.10x107*
1,2,4,5-tetramethylbenzene C,oH,, -44.56 120. 50 23.78 6.12x10™" -2.20x107*

H/Q; standard molar enthalpy of formation; G/»a; standard Gibbs free energy of formation; C,: molar heat capacity

at constant pressure

1.2 REFBEANZFEHERESHE FEERTL b SORIRE 25 °C (298 K) R HISRLRG
MR T AR MK AL, Gibbs HHAEAE  AF, FAHT A HAEAE NG AL i 20 (19) - (21) 35,
PRS- K Rtk R AT (19) - (26) BEAT I ROWREE T(K) TR RBAEAE, &5 A 307 A i BE2L A
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A (22) - (25) 158, NP R & Kp i o

(26) 315

AH(298 K) = Su,H/’ (19)
AG'(298 K) = Su,G, (20)
AS,°(298 K) = AH’(298 K)- AG°(298 K))/T  (21)
AH(T) = AH,(298 K) +[3g5(Sp,C,dT) (22)
AS(T) = AS,"(298 K) +] 34 (3u,C,)/TdT (23)
C,=a+bl+cl (24)
AGY(T)= AH'(T)-T - AS,°(T) (25)
Kp= exp [-AG(T)/(R-T)] (26)
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Table 2 Calculated enthalpy changes( AH.(T) ) ,Gibbs free energy changes( AG,(T)) and thermodynamic

equilibrium constants(K,(T) ) of reactions in MTH at different temperatures

AHr(T)/( kI + mol™) AGr(T) / ( kJ - mol™) Kp(T)

Reactions
300 C 400 °C 500 C 300 C 400 C 500 °C 300 C 400 °C 500 C
(1) -12.74  -13.38  -14.21 -5.70 -4.43 -3.04 3.31x10°  2.21x10° 1.60x10°
(2) -9.18 -8.55 -8.14 -79.03 -91.28 -103.60 1.60x107 1.21x107 9.98x10°
(3) -15.27  -16.35  -17.90 -49.36  -55.23  —60.90 3.15x10*  1.93x10* 1.30x10*
(4) -34.65  -35.69  -37.18 -56.78  -60.56  —64.15 1.49%10°  5.00x10* 2.16x10"
(5) -45.41 -46.36 -47.71 -58.98 -61.27 -63.39 2.37x10°  5.69x10* 1.92x10*
(6) -48.02  -48.77  -49.84 -58.71 -60.52  -62.19 2.24x10°  4.97x10* 1.59x10*
(7) -34.54  -35.33  -36.44 -54.16  -57.53  -60.75 8.64x10* 2.91x10* 1.27x10*
(8) -50.63  -51.17  -52.04 -58.68  -60.04  —61.30 2.23x10°  4.56x10* 1.39x10*
(9) -26.06 -26.71 -27.95 -62.54 -68. 86 -75.04 5.01x10°  2.20x10° 1.17x10°
(10) -32.93 -33.62 -34.88 -64.25 -69. 67 -74.94 7.17x10°  2.55x10° 1.16x10°
(11) -34.42  -31.95  -28.52 -65.01  -70.54  -76.50 8.42x10° 2.98x10° 1.48x10°
(12) -44.47  -46.28  -48.56 -63.88  -67.12  -70.06 6.64x10° 1.62x10° 5.42x10*
(13) -44.34 -44.80 -45.65 -64.04 -67.45 -70.76 6.87x10° 1.71x10° 6.03x%10*
(14) -36.11  -36.51  -37.31 -63.34  -68.07  -72.70 5.93x10° 1.91x10° 8.17x10*
(15) -85.82  -87.35  -89.18 -82.42  -81.70  -80.74 3.25x10"  2.19x10° 2.85x10°
(16) -77.40  -78.75  -80.51 -73.25  -72.42  -71.36 4.74x10° 4.17x10°  6.63x10*
(17) -75.87  -77.07  -78.69 -69.36  -68.14  -66.70 2.10x10° 1.94x10° 3.21x10*
(18) -76.92 -79. 88 -83.33 -66.31 -64.22 -61.66 1.11x10° 9.63x10* 1.47x10*

xIBENAEXEBEFEHELE

Table 3 effect of temperature on extent of different reactions

sEAl)

X/ %
Reactions
300 °C 400 °C 500 °C
(1) 1.53x107°  1.71x107°  1.57x107°
(2) 73.54 94.05 97.69
(4) 0.69 0.39 0.21
(11) 3.88 2.31 1.44
(16) 21.89 3.25 0.65

FRATX TS5 R A b

(DF e, Wke, 5T ke, S¢ibe iP5
RPN, RE SNk (alkanes) , AU YR e
KESONL R FE 5

() L0, M, TH, I, 30U, 2-1
=2 U ) T 0 B AN, RE SR Mk (ole-
fins ) , FRER st Aot S I A R

(3) F, W, ZHOE, =R, IR, 2
AR RS2 B2 AN, SE SO T K (aromatices )
AR P P ) 57 e S L ) R 5

H1 T MTH A Z = A 50K, 35 H B9, B
ATET S R R0 K S R R L 2 )5, Hom s
Ao W B RO — AL B TR A R L 4.
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Table 4 effect of temperature and pressure on reaction equilibrium composition
P(Methanol ) /MPa 0.5 0.1 1.0 1.5
Temperature/ °C 350 400 500 450

CH;OH 1.17x10™ 2.61x107 .13x10™ 1.54x10™ 3.24x107 3.67x107
C,H, 8.12x107° 2.59x107 .49%10™" 4.64x107 1.98x107 1.68x107

C,Hg 6.06x107 1.49%x1072 .31x107 1.58x107 1.42x107° 1.37x107

C,H, 1.06x107 1.90x107 .81x107 1.18x107° 2.24x1073 2.44x107

CsH,, 4.52x107° 7.88x107° .43x10™ 2.88x107° 1.15x107 1.42x107

CsHy 2.09x107° 4.19x107° .02x107* 3.02x107° 4.63x107 4.86x107°

CeH,, 4.24x107 6.67x107° .76x107 1.43x107 1.21x107° 1.69x107°

CeHg 1.74x10' 1.89x10' .88x10" 3.13x10' 1.48%10' 1.28x10'

C, Hy 1.86x10' 1.55%10' .34x10° 1.51x10" 1.51x10' 1.47x10'
e=CgH,g 6.44x107" 5.29x107" .07x10™" 3.03x10™" 6.39x10™" 7.04x107"
p=CgHy, 1.45%10' 1.82x10' .49x10" 1.04x10" 2.20%10" 2.42x10'
CoH,, 8.85x107? 2.88x107 .82x107° 9.70x107° 4.31x107 5.38x107
CoHy, 2.39x107 1.06x107 .00x107° 2.11x107° 1.97x107 2.79x107

H, 2.08x107" 4.78x107" .74%10° 1.25x10° 3.14x107" 2.45x107!

C,Hy 4.72x10' 4.50%10' .40x10' 4.09%10" 4.55x10" 4.56x10'

C;H, 1.28x10° 1.14x10° .13x107! 6.09x107! 1.43x10° 1.62x10°

CyHy, 4.73x107 3.35%107 .37%x107° 1.05x107 5.22x107 6.70x107
CsH,, 6.27x107* 2.80x107 .33%x107° 5.18x107° 5.41x10™ 7.86x107*

2.3.1 RN EER AT AR e &, FEREIIREE TR (T>500 °C) , S5 Rkt fE

[l RT3 (P=0.5 MPa) |, Ja o0 A bl S 1 i 5
AR A ME T(A, B, C). a4 ME 1 A3,
O A 2 35 B -, R A e A AR 100%
SRSk B8 o PP Pt i et S 2 MR AR R - I BE T g,
K FNT5RE - 187 2 S T, e A 1) P 887 2EL i)
DLW IS T U R S 8 A 2R B R 1)
i, PRETFIEMIGEI R, BATTAE ] E R SO
for LB B B R 3 AT IR, SR ] HZSM-5
HEALT, R SRR E — 2, 2508 350, 400,
450, 500 F1550 C, £ 10 0.5 MPa, H R &2
O 2 b SUREE R, 7 TSR A, RO
HRBETH G, WSl LLR o R RO R A R . E

%, PIREM T RERACPE N, FY RS S N e JEE 1 o
MRS T 5 M AL REEE. BT L MTH 3 8 1 e £ 45
& PR S LR X[

2.3.2 MRS AT 2 PR AR e
Il S Bt B (T =450 C ), ANF SO EF7 R (0.1 ~
1.5 MPa) , #2401 TR AR I 4. 12
AR S AR e R W 1(D, E, F).
ARG 1 AR, RN 6] B A
—RE RN . T, e A5 s B - £
%, ek P Tt . UK A T 5 52
SORLI KA, AR Bk i, 3 T ke A ke Y
ePEbE s BT RIAEAE [ %E PR S o b 25 %8 1 S I
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Fig. 1 Hydrocarbon distribution as a function of reaction conditions ( temperature and pressure )
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——— A Experimental alkanes Value
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Thermodynamic Study on Methanol Conversion to
Hydrocarbons( MTH)

ZHANG Bao-zhu, ZHAO Wen-ping, WANG gui-ru, GUO Hong-chen"
( Department of Catalytic Chemistry and Engineering & State Key Laboratory for Fine Chemical, Dalian University
of Technology, Dalian 116012, China)

Abstract; Thermodynamic analysis of methanol to hydrocarbons system has been carried out. Enthalpy change |,
Gibbs free energy change and equilibrium constant at different temperatures were calculated for each reaction. Ther-
modynamic equilibrium compositions of the C,_,, hydrocarbons products were estimated by the method of simultane-
ous equations of equilibrium constant. The results indicated that the process of methanol to hydrocarbons involves
strong exothermic, the maximum heat release is up to 90 kJ/mol for 1 mol methanol conversion; In the reaction sys-
tem, most of reactions could be taken as irreversible processes except methanol dehydration; High temperature and
low pressure are adverse to alkanes, but favor to the olefins and aromatics to a certain extent. In our research, the
change trend of caculated values is relatively consistent with that in experimental results. In actual MTH reaction
process, the most important factor is not thermodynamics control but the choice of proper catalysts and reaction con-

ditions.
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