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An Online Andyss Syssemfor Direct Synthess of Dimethyl Bher from
Biomass Syngas
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(1. Quangzhou Indtitute of Energy Converson, Chinese Academy of Siences, Quangzhou 510640, China;
2. Qaduate Shool of the Chinese Acadermy of Stiences, Beijing 100039, China)

Abstract: An online andyss sysem was established for direct synthess of dinethyl ether(DME) from
biomess syngas that contains N2 and CHa besdes GO, H. and CO.. Two gas chrometographs( GCs) connected
Fquentidly were used for online andyss. One GC was equipped with a TCD detector and a TDX- 01 column
used to separate N2, CO, CHa, and QO.. The other GC was equipped with an FID detector and a Forapak-
Q column used to separate CH4, CH:OH, DME and light hydrocarbons. Nz and CH. in the syngas were used
asinternd standard in TCD and FID , regectively. The data from two GCs were related by CHa.  The tubing
from the catalyst bed to the GQCswas heated at 120 9 as to awid any condensation of the products. The
system was tested , and the industria methanol catalyst C306 and dehydration catal yst HZSM- 5 were used in
the experiments. With a tenperature of 250 , pressure of 3 MPa, and GHSV of 1 000, 2 000, and 3 000
h"*, the carbon balance of mein conmonents between the reactants and products were 92% , 98% and
91 %, regectively. At GHSV of 3000 h™*, the relative sandard deviation wes less than 4 %.
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Fg. 1 Shemetic dagramof the orline andys s system
( ) 1 (feed syngas) ; 2. (therrmel cowple) ; 3. (microreactor) ; 4.
, (heater) ; 5. (pressure regulator) ; 6. (dx-wey vave) ; 7. FID;
8. TOD; 9. (condenser) ; 10. ( ) (absorber(dcohal)) ; 11.
, () (aborber(weter)) ; 12. (measurement termina of exhausted gas) ;
13. (dryer) ; 14. (absorber of exhausted gas) ; 15.
(exhausted gps exit)
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FID Porapak- Q(3 mx18), 120 , 120 , 150 ,
N2 TCD TDX-01(3 mx 3 mm) , 120 , 120 ,
150 , He
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C306 HZSM- 5 , 70
80“ m, , , 0.4 0.8mm 260 H5% N2 7h,
3000h" H GO N2 CO; CHa 60 30 3 4 2, 250 ,
1000h"* 2000h* ,  30mn
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2.1
TCD N2 1 , O CH: QO N2
0.8743 1.1005 0.8071 FID CH4 2 ,
1.6713 0.9108
1 TCD N2
Table 1 Correction factors of the condituentsin TCD reative to N2
Qonpostion Relative correlation factor Mean va ue Sandard deviation RD s/ %
N2 1.0000, 1.0000, 1.0000, 1.0000 1.000 0 - -
(o6} 0.8822, 0.8736, 0.8696, 0.8723 0.874 3 0.005 4 0.6
CHs 1.1226, 1.1051, 1.0611, 1.1132 1.100 5 0.027 2 2.5
(6] 0.8118, 0.8169, 0.7996, 0.8001 0.807 1 0.008 6 1.1
2
Table 2 Dimethyl ether relative correction factor relative to methane
V(DME) / V(CHs) Rel ative correlation factor Mean vaue Sandard deviation RD s/ %
10u L/10p L 0.9046, 0.9042, 0.9145, 0.9362 0.9108 0.014 7 1.6
15y L/15pL 0.9127, 0.8781, 0.9191, 0.9163
20y L/ 20y L 0.9078, 0.9147
3
Table 3 Eharol relative correction factor relative to dinethyl ether
m(DME) / m(alcohol) Rel ative correl ation factor Mean vaue Sandard deviation RD s/ %
0.6042¢g/1.1205¢g 0.7182, 0.7811, 0.8132, 0.7972 0.794 7 0.0117 1.5
0.3624¢g/ 1.0370¢g 0.7759, 0.7965, 0.8126, 0.7972, 0.8003
0.66819/2.0999¢ 0.8020, 0.7903, 0.7836, 0.8018
4
Table 4 Methanol rdative correction factor rd ative to etharol
m(metharol) / m(alcohol) Rel ati ve correl ation factor Mean va ue Sandard deviation RD s/ %
0.8034¢g/1.0913¢g 1.5809, 1.5916, 1.5799, 1.5830, 1.5806 1.606 3 0.0230 1.4
0.6282g/0.478 7g 1.6384, 1.6236, 1.5972, 1.6233, 1.6257
0.6681 g/ 2.0999¢g 1.6266, 1.5946, 1.6368
2.2
2 3 FID TCD
CH: DME MeOH FID ,Ho N2 CO CHs QO: TCD
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Fg.2 The gas chromatogramof productsin FID Fig.3 The gas chrometogramaof productsin TCD
1. CHs; 2. GHs; 3. GeHs; 5. MeOH; 6. DME 1. H; 2. N2; 3. QO; 4. CHs; 5. QO
S , GO , 90%
FID TCD ,
6 3000h°* : , ,
4% )
5
Table 5 Volume percent of reaction products under different pace velocities
. -1 0 T (D/ % . T 0
Space velocity/ h N® (L - min™Y) N @ Che O DME _ MeOH o Nt/ (L - min™Y) Xco B/ %
1000 20.55 3.71 2505 109 7.39 407 118 57.51 16. 72 35.54 92
2 000 40.74 3.29 28.06 0.99 5.14 1.97 0.94 59.61 37.37 18.58 98
3 000 61. 58 3.24 28.47 0.9 4. 26 1.65 1.05 60.37 57.44 16. 00 91
6 3000 h"
Table 6 The experimentd resuts under the space velocity of 3000 h™*
Qonpodtion nole concentration (onypostion nole concentration in TCD/ %
in FID/ % N/ (i - min?)
DME MeOH CHs H, Nz (0] (60}

1 1.72 1.05 0.96 60. 49 3.25 28.24 4.25 57.27

2 1.63 1.04 0.97 60. 48 3.24 28.44 4.20 57.42

3 1.61 1.04 0.96 60. 16 3.23 28.67 4.33 57. 65

Mean va ue 1.65 1.04 0. 96 60. 37 3.24 28. 47 4.26 57.44

Sandard deviation 0. 058 0. 006 0. 006 0.188 0.01 0.215 0. 066 0.191

RD s/ % 3.52 0.58 0. 63 0.31 0.31 0.76 1.5 0.33
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