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Abstract

As the demand for eco-friendly energy increases to overcome the energy shortage and environmental pollution crisis, hydrogen
economy has been proposed as a potential solution. Accordingly, an economical and efficient hydrogen production is consid-
ered to be an essential industrial process. Research on applying hydrogen separation membranes for H,/CO, separation to
the production of highly concentrated hydrogen by purifying H, and capturing CO, simultaneously from synthetic gas pro-
duced by gasification is in progress nowadays. In high temperature environments, the membrane separation process using
glassy polymeric membrane with H, selectivity has the potential for CO, capture performance, and is an energy and cost
effective system since polybenzimicazole (PBI)-based separators show excellent chemical and mechanical stability under
high-temperature operation conditions. Thus, the development of high-performance PBI hydrogen separators has been rapidly
progressing in recent years. This overview focuses on the recent developments of PBI-based membranes including structure
modified, cross-linked, blended and carbonized membranes for applications to the industrial hydrogen separation process.
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Table 1. Summary of Hydrogen Separation Behavior of Commercial Polymeric Membranes|[23]

Hydrogen purification Application Polymer composition Supplier
H,/CO, Syngas ratio adjustment polyimide, polyaramide Air Liquid
Ho/N, Ammonia purge gas polyimide, polyaramide Ube, Praxair
Hy/Hydrocarbon Refinery H, recovery polysulfone Air Products

Hy:78%
€O;: 20%

€O :1%
CHi: 1% Hy: > 99.99%
CH,
— | Reformer HTS LTS PSA [—*
Steam

CHy + Hy0 > 3H; +C0
(700-900 C, 1-5 atm)

CHy+ Hy0 — Hy +C0;
(130400 °C)

Figure 1. Schematic diagram of the reaction precess of the conven-
tional reformer[145].
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Table 2. Hydrogen Production Processes[25,26]

Feed source H, in feed (%)

Steam reforming 64~96
Ethylene off-gas 35~98
Catalytic reformer off-gas 75~90
Chlorine off-gas 98
Dissociated ammonia 75
H,CO cold box 94~99.5
EB-styrene off-gas 80~85
Methanol loop purge 68~84
Butadiene off-gas 79
Ammonia loop purge 60
Toluene HDA H, purge 57
Cyclohexane H, purge 42
LPG dehydrogenation 58
Coal gasification 35
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Figure 2. Schematic diagram of (a) separation mechanisms in porous
membranes with the difference pore size and dense membrane (b)
hydrogen permeation through a metallic membrane[33,37].
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Table 3. Summary of Perm-selectivity of PBI Derivatives (250 C, 50 psi)[82]

Pure gas permeability (barrer)

Pure gas selectivity

Polymers
H, CO, N, H,/CO, Hy/N,
m-PBI 76.81 3.335 0.7812 23.03 98.32
6F-PBI 9972 192.7 53.26 5.174 18.72
PFCB-PBI 323.1 48.92 13.79 6.604 23.45
BTBP-PBI 710.4 99.91 30.33 7.111 23.43
Phenylindane-PBI 480.6 73.69 18.26 6.522 26.32

15wt DBP

Inner surface

(b)
Figure 3. SEM images of (a) porous PBI membranes prepared from
PBl/dibutyl phthalate with difference ratio (b) PBI hollow fiber mem-
branes using DMAc : H;O (20/80) mixture as the bore liquid[70,71].
Reprinted with permission from [70,71]. Copyright 2020 American
Chemical Society.
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5 ok 35w 57K 2739 w2 FAE HERASITH L]

COLH: CO:0H: a N -
7
)‘ LT O T
o m-PBL

+ HOOC-R-COOH ——» 4—<j/>7‘%

PBI structure

6F-PBI PFCB-PBI BTBP-PBI phenylindane-PBT

Figure 4. Synthetic schemes of PBI derivatives (a. m-PBI; b. 6F-PBI,
PFCB-PBI, BTBP-PBI, and phenylidane-PBI) [82].
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Table 4. Various Structures of Modified Polybenzimidazole
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Table 5. Types of Cross-linked PBI Structures Using Various Cross-linking Sgents
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