
Compressing carbon dioxide captured 
from power plants to 1,500–2,200 

psia for pipeline transmission or un-
derground injection is a challenge that 
requires eight stages or more, using 
conventional compressors. A compres-
sor that promises to do the job in two 
stages, for 50–60% of the installed cost, 
is being developed by Ramgen Power 
Systems, Inc. (Bellevue, Wash.; www.
ramgen.com). 

Ramgen has been working on the 
compressor for some time, supported by 
the U.S. Dept. of Energy (DOE, Wash-
ington D.C.; see CE, June 2006, p. 16), 
but the project has received a boost 
from Dresser-Rand Group Inc. (Hous-
ton, Tex.). Dresser-Rand has committed 
to a staged investment in the company, 
says Ramgen president Peter Baldwin, 
who spoke at the recent Spring National 
Meeting of the AIChE in Tampa, Fla.

Baldwin notes that the inlet flow in 
conventional compressors is typically 

limited to a Mach 
number of below 0.90 
at the inducer blade 
tip, to avoid generat-
ing shock waves in 
the blade passages. 
In contrast, Ramgen’s 
“Supersonic Shock Wave 
Compressor” borrows from 
supersonic aircraft engine 
inlet technology, using a com-
bination of rotor rpm and inlet 
vane design to operate at a rela-
tive Mach 2. Instead of conventional 
blades the machine uses rotating disks 
whose rims are contoured to form inlet 
compression ramps that mimic the inlet 
design of supersonic aircraft engines (di-
agram). The goal is to achieve a pressure 
ratio of 100:1 in two stages, each with its 
own separate drive.

In association with Dresser-Rand, 
Ramgen is working on a 13,000-hp 
(10-MW) second stage that could handle 

the CO2 generated by a 250-MWe power 
plant. “The second stage is the high-pres-
sure stage, so it’s the critical one,” says 
Baldwin. “We expect to have it running 
sometime in 2011.” He adds that, besides 
CO2, the compressor could be used for 
other heavy molecular weight gases and 
low-temperature applications.

A process that produces hydrogen-en-
riched natural gas, with carbon black 

as a byproduct, is being developed by 
Atlantic Hydrogen Inc. (Fredericton NB, 
Canada; www.atlantichydrogen.com). 
The company has piloted the process 
at a scale of 25 m3/h of natural gas and 
plans to start up a demonstration plant 
that will produce 1,000 m3/h of H2-en-
riched natural gas (HENG) toward the 
end of 2010. 

In Atlantic Hydrogen’s process, called 
CarbonSaver, natural gas is flowed 

through a reactor, where a proprietary 
pulsed plasma torch dissociates hydro-
gen from the methane at 1,500–2,500°C. 
Simultaneously, carbon is released as a 
fine black powder. Following the reaction, 
the H2 recombines with the natural gas 
(forming a richer H2 mix after carbon re-
moval), while the carbon is filtered from 
the flowing stream. CarbonSaver can be 
tuned to produce up to 30 vol% HENG, 
says David Wagner, president. Also, it can 
be operated at up to 150 psig, so that it 
may be installed at various locations in a 

pipeline system or at end user sites, such 
as industrial customers or power plants.

In commercial-scale combustion tests, 
10–20 vol% hydrogen-enriched gas has 
reduced emissions of oxides of nitrogen 
by as much as 90% and carbon dioxide 
emissions by 7–9%, says Wagner. Also, 
in comparison with regular natural gas, 
4–6% less fuel was required for the same 
energy output. Wagner says the econom-
ics of CarbonSaver are favorable, given 
that the process yields a high-quality 
carbon black.

Upgrading natural gas
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A microreactor makes HMF from just sugar and water

Hajime Kawanami and colleagues at the 
AIST Tohoku Collaboration Center, 

Research Center for Compact Chemical 
Process, National Institute of Advanced 
Industrial Science and Technology (AIST; 
Sendai, Japan; www.aist.go.jp) have de-
veloped a continuous, one-step process 
for synthesizing hydroxymethylfurfural 
(HMF), a biologically active substance 
with promising therapeutic properties 
against metabolic syndrome, high blood 
pressure and diabetes. The process uses 
inexpensive sugars, such as glucose or 
fructose, and water as starting materials 

— no organic solvents or other additives.
The key to the process is a microreac-

tor that can operate from ambient condi-
tions up to 600°C and 300 MPa. The sys-
tem has a reaction volume of 0.01–0.5 
mL and a continuous production ca-
pacity (calculated) of 500 kg/yr. In this 
reactor, high-pressure (10 MPa) water 
and an aqueous solution of sugars are 
first instantaneously mixed, then the 
temperature rapidly (within 10 ms) in-
creased to 400°C. After a residence time 
of 10 s, the mixture is rapidly (within 10 
ms) cooled to 25°C. The system continu-

ously produces HMF with 70% yield and 
purity of greater than 80%. In contrast, 
alternative methods to make HMF from 
glucose require two or more reaction 
steps and additional chemicals, such 
as ionic liquids or complex metal cata-
lysts (chromium, for instance), and have 
yields of below 50%. 

Kawanami says the crude HMF pro-
duced in the microreactor is slightly dis-
colored due to impurities (acetic and for-
mic acids, and char), but could already 
be used, without special purification 
steps, for de-inking or food applications.
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