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In this quarter, carbon-coated ceramic membrane was used in the permeation of 
tetralin and compound#9/tetralin. The carbon coating was applied in the silica- 
modified ceramic membrane to minimize the degradation of tetralin (as solvent) 
on the membrane surface. Thus, the fouling is much reduced. An extended 
permeation run can be performed without diEculty. This carbon coated product 
is thus adopted for our study from now on. Two modified ceramic membranes 
with pore size e40A were tested. The one with a larger pore size (C-Si286) 
exhibited separation of compound#9 from tetralin at 3OO0C, but not at 400°C; while 
the one with a smaller pore size (C-Si2721 showed separation of compound #9 at 
400OC. Both of them will be used for our fbture study involving reactions. 

The catalytic membrane reactor concept was also demonstrated in the separation 
study conducted above. Due to the use of carbon-coated membrane, compound#9 
decomposed at 400°C through the membrane, while no decomposition was found 
in the feed. This observation indicates compound #9 undergoes catalytic reaction 
on the carbon-coated membrane surface. In the next quarter, the membrane will 
be packed with the carbon catalyst to  enhance the decomposition ratio. 
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1. Permeation of Tetralin Through Ceramic Membranes 

In the past the degradation of tetralin on ceramic membrane surface caused 
fouling of the membrane. Eventually no permeate flux was obtained as a result of 
sever fouling. In this quarter, a carbon-coated ceramic membrane was used to 
minimize the degradation of tetralin and then fouling of the membrane. The 
carbon coated membrane does not eliminate, but minimize the fouling. A 
reasonable permeation flux can be maintained in a 5 t o  8-hour period for 
conducting the catalytic membrane reactor study. The carbon coated membrane 
is thus adopted from then on. 

Permeaeon of tetralin through carbon-coated membranes is presented in Table 1. 
Both 40A commercial and silica-modified ceramic membranes were tested. The 
tetralin flux was as high as 9 LMHB in the beginning of the permeation test and 
then declined gradually to -0.2 LMHB for a period of two days. Evidently fouling 
of the membrane by the degradation products still existed, but to  a less extent. 
The silica modified membrane was also used for a similar permeation study. 
Si286 with the helium permeation qf 144 m3/m2/hr/bar at 300°C was selected, 
which is about l/2 of the typical 40A membrane's. In a 6 hours of testing, the 
permeate flux decreased from 14.9 to  7.6 LMHB. The permeation flux vs time is 
also presented in Figure 1. The initial permeate flux is higher than that obtained 
fiom 40A, possibly attributed to the degree of degradation before the sampling. 
The steady decline, but still significant flux generated from this membrane 
indicates the carbon-coated ceramic membrane is adequate to study the 
enhancement by the catalytic membrane reactor. 

The degradation of tetralin is believed to take place on the porous surface because 
no degradation products were collected in the permeate based upon the GC 
chromatogram as shown in Figure 2. 

2. Separations of Compound #9 from Tetralin 

Compound #9 was selected as one of the model compounds to study the potential 
enhancement by the catalytic membrane reactor for coal liquid upgrading. About 
0.5wt% of compound #9 dissolved in tetralin was prepared. Two modified 
membranes pere selected in this study: Si286 and Si272. Both of them are silica 
modified 40A membrane. The pore size of these membrane can be inferred from 
the permeation of nitrogen and helium summarized in Tablp 2 and 3. The 
helium permeance at 300°C for Si286 is a b p t  50% of the 40A's, while the 
permeance for Si272 is about 1/10 of the 40A's. 

Table 2 presents the separation of compound #9 with Si286 at 300 and 400°C. As 
expected, the permeate flux declined along with time. Comparing with the 
permeate flux of tetralin using the same membrane in Table 1, the permeate of 
the tetralin containing compound#9 was much reduced, due to the formation of 
the concentration polarization layer on the membrane by the compound #9. At 
3OO0C, this membrane rejected 83 to  91% of compound #9; a nearly complete 
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rejection of compound #9 was obtained. When the temperature was raised to 
400°C subsequently, the rejection ratio dramatically reduced. Initially no 
rejection was observed. After 2 hours, about 10 to 20% rejection was obtained 
possibly resulted from the formation of the dynamic layer to  reduce the pore size of 
the membrane. In addition, the permeate flux increased and appears stable. 
Evidently, the higher temperature reduces the rejection due to the reduced 
hindrance effect of compound #9 through the membrane. 

Table 3 summarizes the result from permeation of compound #9 using Si272. As 
expected the permeation flux was much reduced due to  the use of a membrane 
with a smaller pore size. At 400"C, rejection ranging from -18 to 67% was 
obtained. The rejection ratio presented here should be treated with caution. Some 
of the reaction products interfered the compound #9 peak in the chromatogram. 
The peak for compound #9 was selected with best judgement. When the 
permeation continued throughout the experiment, the rejection ratio increased 
along with the reduction of the permeate flux, indicating the separation was 
accomplished by the formation of the dynamic layer, which reduced the pore size 
of the membrane. A sample chromatogram is presented in Figure 3. It clearly 
indicates the interference by the reaction products in comparison with the 
chromatogram of the feed presented in Figure 4. The membrane was calcined 
and re-coated with carbon to repeat the permeation study. Table 4 summarizes 
the results, which reproduced qualitative the results from the previous study. The 
Si272 result concludes that the separation of the compound #9 can be 
accomplished at 400°C. This membrane will be used in the future for the reaction 
study. 

3. Using Carbon-Coated Si-Modified CeramicMembranes as Reactor 

The permeation test performed thus far has shown the effectiveness of an 
membrane reactor. The feed throughout the experiment has not shown any 
degradation consistent with the literature publication that thermal decomposition 
of compound#9 is insignificant up to 400°C. On the other hand, the permeate 
collected shows a wide spectrum of reaction products, indicating that the catalytic 
reaction takes place when the compound #9 permeate through the carbon coated 
surface of the membrane. It is believed that carbon acted as a catalyst to promote 
the decomposition. In the next quarter, the carbon catalyst obtained from PETC 
will be packed in the reactor to  promote the decomposition. Then the reaction 
products can be separated by the membrane to  enhance the decomposition ratio. 
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Table 1. Permeatlon of Tetraiin Through Carbon-Coated 40A and Si-Modified Membranes r 
Tetr- 

Membrane Pore Size I AI Be Perm eance Im3/m2/hr/bar). 300°C Temoerature PCl Press ure (osil permeance ILMHB I f & &  
A I  40 228 (typical) 300 200 9.1741 03-06-95 

300 400 4.3038 
300 800 2.3485 

300 200 5.449 
300 400 2.7862 
300 800 1.5077 

300 800 1.4199 

300 200 0.5438 
300 400 0.3324 
300 800 0.1987 

A I  + Si coating 
(Si286) 

03-20-95 

03-20-95 

03-21-95 

144 
4.3 

300 
300 

200 
200 

14.9 (beginning) 3/24-2919 5 
7.6 (after 6 hrs.) 

LiterlmPlhrlbar 



Table 2. 

1. Feed and Permeate Analysis for Run on 4118-21195 

Separation of Compound #9 From Tetralin Using Carbon-Coated Si-Modified Ceramic Membrane (C-Si286) 

Time fhrs.) JemDerature ("C) 
Initial Feed of 4/18/95 - -  

0 290-303 
1 290-303 
2 290-303 
3 290-303 

Final Feed of 4/18/95 

Initial Feed of 4/20/95 - -  
1.4 400 
2 4 00 
2 400 

Final Feed of 4/21/95 _ -  
2. Gas Characterization of Membrane 

re f°C) 
23 

300 

500 

Gas 
N2 
He 

N2 
He 

N2 
He 

pressure [mi l  Perm. Flux (LMHBl MYo Como #9. 
- -  - -  0.4535 

0.081 85 
0.04923 

200 5.312 
200 0.7034 
200 0.1473 0.0425 
200 0.077 0.066 
. -  - -  0.4995 

- -  - -  
200 0.0378 
200 0.1 53 
200 0.159 _ -  - -  

0.5101 
0.4847 
0.4472 
0.399 
0.4686 

Permeance (m3/rn 2/hr/bar) 

105.5 109.7 
209 197.8 

Before C a r b m  Bttrsr C a r b n L h t i u  

56.4 
142.4 

65. I 64 
135.5 117.6 

Peiection (Yo) 

83 
9 0  
91  
8 6  

-.. 

- _  



Table 3. 

1. Feed and Permeate Analysis for Run on 4/27/95 

Separation of Compound #9 From Tetrailn Using Carbon-Coated SI-Modified Ceramic Membrane (C-Si272) 

. .  Notes 
0.4967 - -  No interference from Degradation 

w wP/.min- - 
Initial Feed of 4/27/95 

fin 305 200 0.0867 0.5694 - 1 8  interference from Degradation 
~~~ _ _  

60 305 
69 401 
70 403 
144 400 

Final Feed of 4/28/95 

200 
200 
200 
200 

0.0679 
0.0467 
0.0263 
0.0197 

2.. Characterization of Membranes 

Gas 
2 3  N2 

P-ar\ 
re PC) 

21.1 - _  

0.4180 
0.5532 
0.2269 
0.1591 
0.4685 

13 Interference from Degradation 
-15 Significant amount of Degradation 

53 Significant amount of Degradation 
67 Significant amount of Degradation _ _  Relatively Free of Interference Peaks 

300 

500 

He 
N2 
He 
N2 
He 

38.7 - -  
_ -  

12.1 
32.5 

- _  
_ -  

20.7 

29.4 
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Table 4. Separatlon of Compound B9 from Tetralln Using Carbon-Coated Si-Modified Ceramlc Membrane (C-Si272) - Duplicate Study 

1. Feed and Permeate Anaysls for Run on 5/3/95 

rn JemDerature roc\ 
initial feed of 5/3/95 

300 
30 0 
400 
400 
400 
400 
400 

Final feed of 5/3/95 

Perm Flux (LMHB) 

0.0907 
0.0473 
0.1169 
0.1304 
0.1048 
0.1002 
0.0954 

2. Characterization of Membrane (after Permeatton) 

j3meJ.a 
405 
407 

G a  
N2 
He 

0.0120 
0.1468 

stoh ComM 9 in Teteraliy 
0.4693 
0.1939 
0.3039 
0.1 883 
0.1163 
0.0860 
0.0651 
0.0616 
0.4702 

wt% of Compound #9 
Based on other R.T, w 

No interference peaks 
No interference peaks 

Interference peaks - Degradation 
Significant amount of interference (began monitolng peak at 19.05) 
Significant amount of interference (began monitoing peak at 19.05) 
Significant amount of interference (began monitoing peak at 19.05) 
Significant amount of interference (began monitoing peak at 19.05) 
Significant amount of interference (began monitoing peak at 19.05) 

No interference peaks - no degradation 

0.061 77 (19.03) 
0.9131C (18.986) 
0.6444 (18.968) 

0.43874 (1 8.954) 
0.37101 (18.951) 
0.36225 (18.954) 
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