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Studies on Reaction Gas Chromatography. I.

Trace Analysis

Itsuro Kawal

So far a FID (flame ionization detector) has been used in gas chromatography to detect
a trace constituent. It is, however, applicable to only some organic compounds which
show sensitive response. The present paper deals with the reaction gas chromatography by
which nonsensitive compounds are converted into hypersensitive compounds. The reaction
gas chromatography was carried out by the dynamic method using a hydrogenation re-
actor packed with a catalyst. Nickel, palladium and iron were used as the catalyst, and
formaldehyde, carbon monoxide and carbon dioxide used as the sample. According to the
results obtained, nickel was the best catalyst, and the detection of formaldehyde and car-
bon oxide by the present method were about 80 and 500 times as sensitive as that by
TCD (thermal conductivity detector). The catalytic effect and the analytical conditions

were discussed on the basis of the data obtained.
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Fig. 1. Schematic diaram of a reaction gas  Fig. 2. Schematic diagram of the flow system.

chromatograph. A :Reaction apparatus, B:check valve,C:
A:Gas chromatograph, B: sample, C: TCD, electric furnace, D :hydrogenation reactor,
D: FID, E : column, F:oven, G:.reaction E :gas chromatograph, F column,G " TCD,
apparatus, H: hydrogenation reactor. I: and H ‘FID.

electric furnace, and J : thermocouples.
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Gas chromatograph
Formaldehyde ——
Column : PEG 20M 5% Chromosorb W 60/80 mesh,
1.5mX 4¢ glass
Temperature : 120°C
Carr. gas : He 40 ml/min
Carbon oxide—
Column : Active carbon 60/80 mesh,
1.5m X 4 ¢ sus
Temperature : 80C
Carr. gas . He 25 ml/min
Reaction apparatus
Catalyst : Ni 10% Chromosorb W 80/100 mesh
Pd 10%Chromosorb W 80/100 mesh
Fe 10 %Chromosorb W 80/100 mesh
Reaction column : 15cm X4 sus
Reaction temperature : 200 ~600°C

Hydrogenation pressure . 0 ~0.6kg/cm?
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Fig. 3. Effect of reaction temperature on
hydrogenation product of formaldehyde.
Hydrogenation pressure : (). 45kg /cm?( Ni
catalyst), 0.25kg/cm? (Pd catalyst), and

0.30kg/cm?®(Fe catalyst). Detector: FID.

A : Nickel, B : palladium, and C : iron.

2.5

O

&)

& 90k ]

a

o

o

= \

= o1sf il

oL

L

[3+]

% A

a 1.0F 7
0 sl c
0.0 . . )
200 300 400 500 600 _

Temp. ('C)

Fig. 5. Effect of reaction temperature on
hydrogenation product of carbon dioxide.
Hydrogenation pressure: 0.50kg/cm? (Ni
catalyst), 0.40kg/cm?(Pd catalyst), and

0.60kg/cm?(Fe catalyst). Detector:FID.

A : Nickel, B : palladium, and C : iron.
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Fig. 4. Effect of reation temperature
on hydrogenation product of carbon
monoxide. Hydrogenation pressure :
0.40kg/cm*(Ni catalyst ),0.55kg/cm?
(Pd catalyst), and 0.60 kg/cm? (Fe
catalyst). Detector: FID.

A: Nickel, B:palladium, and C: iron.
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Fig. 6. Chromatograms of hydrogenation

product by the reaction gas chromatog-
raphy. Catalyst : Nickel. Detector: FID.
A : Carbon monoxide, B : carbon dioxide
and C: formaldehyde.
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Table 1. Relationship between pressure and
temperature in the hydrogenation.

Hydrogenation Reaction

Sample Catalyst pressure temperature
(kg/cm?) (°C)
Ni 0.40 450
[ Pd 0.55 350
Fe 0.60 550
Ni 0.50 450
( Pd 0.40 350
Fe 0.60 550
Ni 0.45 450
COCOZ{ Pd 0.50 350
mixture Fe 0.60 550
Ni 0.45 500
HCHO [ Pd 0.25 250
Fe 0.30 400
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Fig. 7. Calibration curves of formaldehyde.
Internal standard : Methanol. Detector :

FID.

A : Ni catalyst, B: Pd catalyst, and C :

Fe catalyst.
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Fig. 8. Calibration curves of carbon
monoxide. Detector : FID.
A : Ni catalyst,
C : Fe catalyst.

B : Pd catalyst, and
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