
Structured catalyst for steam reforming

T
he predominant technology 
for hydrogen-syngas genera-
tion over the years has been 

steam reforming of light hydrocar-
bons, mainly natural gas, commonly 
called steam methane reforming 
(SMR). This mature technology, 
however, has seen only incremental 
improvements in its catalyst design 
and its performance in conjunction 
with superior tube metallurgy and 
reformer design with the aim of bet-
ter effi  ciency and reliability.

ZoneFlow Reactor Technologies 
(ZFRT) has developed proprietary 
structured catalyst solutions for 
steam reforming, pre-reforming and 
recuperative reforming. ZoneFlow 
(ZF) Reactors provide higher heat 
transfer, lower pressure drop, higher 
geometric surface area (GSA), more 
uniform fl ow and heat distribution, 
and long term structural integrity 
compared to pellet catalyst. Use of 
ZF Reactors enables signifi cant cap-
ital and operating cost reduction in 
steam reforming for new plants as 
well as revamps.

Current best technology
Conventional pellet steam reforming 
catalysts suff er from inherent limi-
tations and/or operational defi cien-
cies. These mainly relate to: uneven 
random packing voidage leading 
to undesired fl ow and temperature 
maldistribution; catalyst attrition and 
breakage from thermal cycling lead-
ing to increasing pressure drop and 
related capacity limitations; and pore 
diff usion limited reaction path lead-
ing to curtailed intrinsic activity and 
lower resistance to carbon formation. 

With the steam reformer as the 
heart of a syngas plant, carrying out 
the reactions involves heat, mass 
and momentum transfer and the 
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reforming catalyst plays a critically 
important role in thermal design, 
performance, reliability and cost 
eff ectiveness. 

Past attempts to develop struc-
tured steam reforming catalysts to 
overcome some of these limitations 
have suff ered from innate problems 
around diff erential expansion gaps 
leading to feed bypassing and dis-
turbed boundary layer endotherm, 
as well as from the reactions being 
mostly realised away from the tube 
wall, with heat transfer limitations 
leading to insuffi  cient conversion 
and/or hotter tubes.

Nested modules
ZF Reactor technology overcomes 
these defi ciencies but also off ers a 
combination of higher heat trans-
fer with substantially lower pres-
sure drop. The reactor’s structure 
also imparts a high degree of proxi-
mal fl exibility which eliminates the 
diff erential thermal expansion gaps 
while carrying high physical strength 
against breakage over its lifetime. 

Its nested modules provide more 
geometric surface than pellets and 
remove diff usion-limited access 
to the layered catalyst, resulting 
in much higher catalyst eff ective-
ness factors and increased resistance 

to carbon formation compared to 
pellets. 

ZF Reactors vs pellet catalyst
ZF Reactors are advanced catalyst 
systems based on an ‘annular’ foil 
casing structure (see Figure 1) off er-
ing two primary advantages over 
conventional pellet steam reforming 
catalysts:
• Lower pressure drop (dP): the 
ZF uses dP mainly to enhance tur-
bulence near the tube wall, largely 
avoiding ‘unutilised’ dP
• Superior heat transfer: ZF’s annu-
lar structure directs the gas fl ow 
towards and away from the tube 
wall to impinge on the hot surface 
of the tube wall which signifi cantly 
enhances heat transfer, lowering tube 
skin temperatures, or allows higher 
heat fl ux for the same tube design 
temperature.

Additionally, ZF Reactors off er 
advantages compared to pellets for 
revamping as well as new steam 
reformers:
• Much higher catalyst eff ectiveness 
resulting from the use of thin catalyst 
layers 
• Uniform heat transfer and fl uid 
fl ow in all the tubes against the inher-
ent maldistribution of fl ow per tube 
with pellets (typically +/-2-5%) and 
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	Figure-1 : ZF Reactor’s typical casing and assembly Figure 1 ZF Reactor’s typical casing and assembly
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