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Abstract: Process intensification draws a lot of attention because it is working towards energy savings, waste emission reduction, time re-
duction, and safety improvement. Novel microfibrous structured packings provide a unique combination of large void volume, entirely open
structure, large surface-to-volume ratio, high permeability, high heat/mass transfer, and unique form factors, which are central to the notion
of increasing the steady-state volumetric reaction rate. The latest progress in the use of microfibrous structured packings in H, fuel genera-
tion and cleanup, air filtration, selective oxidation, electrochemical energy storage, and F-T synthesis has been reviewed. The prospects for
the microfibrous structured packings towards process intensification were also presented.
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Fig. 1. Packing structure of the micro-fiber and powder-based porous
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Fig. 2. Effective pore size versus void volume fraction for the pack-
ing structure of the micro-fiber and powder-based porous materials
(data for microfibrous packing was estimated using “cubic” structure as
shown in Fig. 1) &,
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Table 1 Features of the typical microfibrous structured packings

L Composition (%) Apparent Surface-to- Effective thermal

Microfibrous structured . : -

. . . . density volume ratio conductivity Ref.
packing Fiber Particle  Void volume 3 2 3

(g/cm®) (m/cm®) (W/(m-K))

Sinter-locked 8um-Ni fiber 1-90 0 10-99 NA NA 4.5 [23,30]
Ni-fiber entrapped y-Al,O4 3.3 35.0 61.7 0.70 45.0 NA [24]
Ni-fiber entrapped SiO, 24 28.2 69.4 0.48 30.6 3.3 [30]
SS-316L fiber entrapped y -Al,05 2.1 25.0 72.9 0.45 24.8 NA [29]
Glass-fiber entrapped SiO, 2.8 30.3 66.9 NA 72.0 NA [31]

®The value for SiO, is only 0.08 W/(m-K), with testing in air flow; NA = not available.
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Fig. 3. Flowchart of paper-making/sintering process for fabricating
the microfibrous structured packings.
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Fig. 4. Working principle diagram of the composite bed by placing a

microfibrous structured adsorbent packing (B) behind a packed bed
A).
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Fig. 5. Experimental set-up of the microreactor system integrated
with a static mixer, reactor, and heat exchanger 7,



www.chxb.cn

e R AR T B RRAT S R AL B ORI S 723

kR, 75 75 °C I 25 Ak 26 1] 3k 44.7%, G 2 Rk 4%
PER A 99.9%; 71 AHIT # 4K 2% K, Nafion/SiO, 8] {4 &
AT T T T AR 1 R B A B TR 1Y I 600 iy, 4= 81
259048 N 2T 45 74 PUALOs & & AL RN B T AT
SRR AT ) R A R e S N B, R T RO A
(19 Ho-O, M AL R Be Ik RE. &5 SR B, B ek g fLiE
JRUSF AR I THI R AR B, A7 A3 HE A B 31 P AR 5 0
TR MR B BE 2 RS e AT, TR N B
S e I A 2 BB A OO A 4 B I T
SE R SURL I A A TR R A e B TR AT
JEURL i 10 35 0 A0 SO0 A B8 10 A T e, A A P 2
(1 AL R Hgg = 2 F5 2L E
53 BB (F-T) &M

BE T 56 g AR B 45 5K F-T 45 B IP-5 S0k}
I N 2% B AR AH, Dokun 25 PR 20 M T 4x 8 AT
45 K4 Col Al,Oq fH A1 SR} 1 45 /A% 1k . 4 3R,
AT S5 R AT S N IR 2 N R AT 2800 4 2R 2504 1 50%
PAF, Jad 0 m A5 LA B, AT AT R T OP-5 4143 (1 A=
j%. Sheng 251°21¢¢ 190~220°C H1 2 MPa ', Jll3& T 14k
2145 1 ColAlLOs i A R b F-T [ NP RE, R ILIK
JEHRFEY)—, HP= W Btk . Sy 4b, AT 45 IR
TEFI R FH AT SN 2% B ELAR AL B8 ) 3 em 2e 4 1Y
K F] 15 em, i AN R J2 1 A& APk sg. m AT, 4
T G5 A SFURL AR A R A8 A AT L A 9 6 1% .

=R
2.

6 HIRSRE

SR OB BOR IR e R ) S B I RE Al i Ak
7= e I s B TR] i 8 AAR O ) A6 2 A 0 R 7 AR AR
P BT R AT &5 # BURE I AT ] 8 A8 T AL e 45 1
BURL DAL OL A, EAE AR AL . B SAAL . itk
SEAERE AN Gl S I 2 A S5 AU ) B
AT AL (K ELOR 28 1), JU O A 5 A FR B2 428 S I 1 1
RO v S ORI IR AR, 2R, Tl AT S M R
PR A AE Joy FRAE, 20 Ni Gl 2T 45 1 4 A6 SEORHZE il
(>600°C) & I B b o IR AL, TR ANE T 2
G LR R 1 AR I O AR R AT S R R B R
(R AT 4 BT 2 MR R AR, BR C i & —
S S AR R AL, EAE AL TN AR AL AT A 25 1
N LA AG PR 2. e A, AT & A ORI Zh fEA4 B
JTERE G R AN H B R, 7 1 I AR A AL s R

AT T B, A R ZT - 73 1 0 2 45 45 M k)
T2 PR R A 2K 53 S I A A (1R - 93 T Tl )
T REIRAE. T Ab, TlET S5 R ORI N T, K ARAS 2
A S 5% TR P RS 4 A DAL I AR O RO A 0 2 AN B
A 338 25 7 T TR RIE 75 B 0 5

2 % x &

1 Pangarkar K, Schildhauer T J, van Ommen J R, Nijenhuis J,
Kapteijn F, Moulijn J A. Ind Eng Chem Res, 2008, 47: 3720
2 Kapteijn F, Nijhuis T A, Heiszwolf J J, Moulijn J A. Catal
Today, 2001, 66: 133
3 http://dsti.nl/appi. European Roadmap for Process Intensi-
fication. June 2008
4 Trubac R E, Dautzenberg F M, Griffin T A, Paikert B,
Schmidt V R, Overbeek R A. Catal Today, 2001, 69: 17
5 Cybulski A, Moulijn J A. Catal Rev-Sci Eng, 1994, 36: 179
6 Kreutzer M T, Kapteijn F, Moulijn J A. Catal Today, 2006,
111: 111
7 Moulijn J A, Kreutzer M T, Kapteijn F. TCE, 2005, 768: 32
8 Spiegel L, Meier W. Chem Eng Res Des, 2003, 81: 39
9 Laso M, Henriques de Brito M, Bomio P, von Stockar U.
Chem Eng J, 1995, 58: 251
10 Frank HJ W, Kuipers J A M, Versteeg G F, van Swaaij W P
M. Chem Eng Res Des, 1999, 77: 567
11 Berglin T, Herrman W. EP 102 934. 1984
12 Tronconi E, Groppi G, Boger T, Heibel A. Chem Eng Sci,
2004, 59: 4941
13 Pfefferle L D, Pfefferle W C. Catal Rev-Sci Eng, 1987, 29:
219
14 Konig A, Herding G, Hupfeld B, Richter T, Weidmann K.
Top Catal, 2001, 16: 23
15 Irandoust S, Andersson B. Catal Rev-Sci Eng, 1988, 30:
341
16 Banhart J. Prog Mater Sci, 2001, 46: 559
17 Gallego N C, Klett J W. Carbon, 2003, 41: 1461
18 Wen X, Afacan A, Nandakumar K, Chuang K T. Chem Eng
Res Des, 2005, 83: 515
19 Kolodziej A, Krajewski W, Dubis A. Catal Today, 2001,
69: 115
20 Richardson J T, Remue D, Hung J K. Appl Catal A, 2003,
250: 319
21 Giani L, Groppi G, Tronconi E. Ind Eng Chem Res, 2005,
44: 9078
22 Giani L, Groppi G, Tronconi E. Ind Eng Chem Res, 2005,
44: 4993
23 Harris D K, Cahela D R, Tatarchuk B J. Compos A, 2001,
32: 1117
24 LuY,Wang H, LiuY, Xue Q S, Chen L, He M Y. Lab Chip,
2007, 7: 133
25 Lu 'Y, Sathitsukasnoh N, Queen A, Tatarchuk B J. In: Wang
Y, Holladay J D, eds. Microreactor Technology and Process
Intensification. New York: American Chemical Society
Publications Division, 2005. 406



724

it

o

i Chin. J. Catal., 2010, 31: 717-724

26
27

28
29

30

31

32

33

34

35

36

37

38

39

40
4

42

43

44

45

46

Tatarchuk B, Sothen R A. US 0 142 234. 2009

Zhang H P, Gao L L, Hu X J. Sep Purif Technol, 2009, 67:
149

Cahela D R, Tatarchuk B J. Catal Today, 2001, 69: 33
LiuY, Wang H, LiJ F, Lu Y, Xue Q S, Chen J C. AIChE J,
2007, 53: 1845

O, [ Ae ] Bl ERIFEKE (L) F
[PhD Dissertation]. Shanghai: East China Normal Univ),
2007

LuY, Xue Q S, Tang Y, Chen J C, Wang H, He M Y. Mater
Lett, 2006, 60: 2349

Jiang F T, Fang Y Z, Liu Y, Chen L, Xue Q S, Lu Y, Lu J X,
He M Y. J Mater Chem, 2009, 19: 3632

Jiang F T, Fang Y Z, Xue Q S, Chen L, Lu Y. Mater Lett,
2010, 64: 199

Mao J P, Deng M M, Xue Q S, Chen L, Lu Y. Catal Com-
mun, 2009, 10: 1376

Mao J P, Deng M M, Chen L, Liu Y, Lu Y. AIChE J, 2009,
DOI 10.1002/aic.12088

Tang Y, Zhou W, Pan M Q, Chen H Q, Liu W'Y, Yu H. IntJ
Hydrogen Energy, 2008, 33: 2950

Liu N, Yuan Z S, Wang S D, Zhang C X, Wang SJ,LiD Y.
Int J Hydrogen Energy, 2008, 33: 1643

Wang M M, Li JF, Chen L, Lu Y. Int J Hydrogen Energy,
2009, 34: 1710

Yang H Y, Lu Y, Tatarchuk B J. J Power Sources, 2007,
174: 302

Chang B K, Lu Y, Tatarchuk B J. Chem Eng J, 2006, 115: 195
Holladay J D, Wang Y, Jones E. Chem Rev, 2004, 104:
4767

FHEE. (LB ] Rl BRI RS (Wang M
M. [MS Dissertation]. Shanghai: East China Normal Univ),
2009

Ling M, Lu Y. unpublished results

Chang B K, Tatarchuk B J. J Mater Eng Perform, 2006, 15:
453

Yang H Y, Cahela D R, Tatarchuk B J. Chem Eng Sci, 2008,
63: 2707

Kalluri R R, Cahela D R, Tatarchuk B J. Appl Catal B,
2009, 90: 507

47

48

49

50
51

52

53

54

55

56

57

58

59

60

61

62

Kalluri R R, Cahela D R, Tatarchuk B J. Sep Purif Technol,
2008, 62: 304

Kennedy D M, Cahela D R, Zhu W H, Westrom K C,
Nelms R M, Tatarchuk B J. J Power Sources, 2007, 168:
391

farpk, i, Fhih, B 5. 424k (He L, Ni J, Sun H,
Cao Y. Chin J Catal), 2009, 30: 958

Della Pina C, Falletta E, Rossi M. J Catal, 2008, 260: 384
Deng M M, Zhao G F, Xue Q S, Chen L, Lu Y. Appl Catal
B, in press

R, HH, B, BE. W BT T el
AR S W . S WL K% (Zhao G F,
Deng M M, Xue Q S, Lu Y. In: Proceedings of the 12th
Chinese National Youth Congress on Catalysis. Jinhua:
Zhejiang Normal Univ), 2009. 82

Zhu W H, Flanzer M E, Tatarchuk B J. J Power Sources,
2002, 112: 353

Zhu W H, Durben P J, Tatarchuk B J. J Power Sources,
2002, 111: 221

Zhu W H, Poole B A, Cahela D R, Tatarchuk B J. J Appl
Electrochem, 2003, 33: 29

R, BEH. W BT R Ae R E ARSI
YE. % WL oK% (Fang Y Zh, Lu Y. In:
Proceedings of the 12th Chinese National Youth Congress
on Catalysis. Jinhua: Zhejiang Normal Univ), 2009. 84
FOVE, Lk, EHIH, BE, AT, fEAER (L
F, Yang J L, Wang M M, Lu Y, He M Y. Chin J Catal),
2007, 28: 931

W, 0%, BE. YR (Yang I L, LiJ F,
Lu Y. Acta Phys-Chim Sin), 2009, 25: 2045

oV, Eww, Mok, #E, oo, BAE L (LI
F, Wang M M, Yang J L, Lu Y, He M Y. Modern Chem Ind),
2007, 27(9): 29

2008, B, fINSIG. AL T (LiJF LuY, He M Y.
Petrochem Technol), 2007, 36: 1239

Dokun T, Cahela D, Sheng S, Yang H Y, Tatarchuk B J. In:
2009 AIChE Annual Meeting. USA, 2009. Abstract 484f
Sheng M, Cahela D, Yang H Y, Dokun T, Tatarchuk B J. In:
2009 AIChE Annual Meeting. USA, 2009. Abstract 552e



