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Studies on Reaction Gas Chromatography. II.

Isomeric Analysis

Itsuro Kawal

The present paper deals with reaction gas chromatography by which isomers are rec}uced
under a hydrogen atmosphere and the reaction products are detected. The reaction gas
chromatography was carried out by the dynamic method using a hydrogenation reactor
packed with the same catalyst as in the preceding paper. Nickel, palladium and iron were
used as the catalyst for 2-pentanone, 3-pentanone, 2-hexanone and 3-hexanone. The optimum
temperatures under a hydrogenation pressure of 1.4 Kg/cm? were 300°C, 400°C and 350°C for
nickel, palladium and iron respectively. The catalytic effect of palladium, nickel and iron
decreased in that order. According to the results obtained, palladium was the best catalyst.
The relative peak area ratios of the reaction products to the characteristic reaction product

for these isomeric ketones are discussed on the basis of the data obtained.
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2-Pentanone % :0.808, nf’: 1.391
3-Pentanone %0 :0.816, nd’: 1.392
2-Hexanone % 0.812, nf’: 1.400
3-Hexanone 5% :0.816, nf . 1.400
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reaction gas chromatograph.

A : Gas chromatograph, B : sample
inlet, C: TCD, D:FID, E :column,
F : column, G: oven, H : reaction
apparatus, | :hydrogenation
reactor, ] :electric furnace,

and K :thermocouples.
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K, #R7u=b 777 (A) ERGEE (H) 205t &> THC, KIZ,
Ro—EsgziEAl (B) KWiAL, #7724 (E) 12Xk )78L 728 % TCD (thermal
conductivity detector) (C)#% ~TE NS I TRFERMBOGE (1) 128D AL, KEFEHMIK
IS TRE S D B RIL KR ISR ITCE NS, ZOMGAERMIE, MO, #7724 (F) Tl
& 1L FID(flame ionization detecor) (D) THIE 115, 72, rEDWMIXIT Fig. 2 (2L 7z,
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Gas chromatograph
Column(E) : PEG 20M 20% Chromosorb W 60/80 mesh
0.75m X4 ¢ sus
Column(F) : Squalane 19 Alumina 60/80 mesh
3.00m x4 ¢ sus
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Temperature : 100°C
Carr. gas : He 60ml/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 : 1.0~1.8kg/cm?

e e e v = = et e m e v = = M e e e e e e mm e me e wm e ew we me m e e o

I
H. |
| %
|
b o o e o e e e e e - -
S omo—oeo o
He : ot
]
He o
'
Air ! )
o<
|
I e e et e e e e et e . e e hm = o e e e o e e = = em - ]
Fig. 2. Schematic diagram of the flow system.
A : Reaction apparatus, B : check valve, C: electric furnace,
D: hydrogenation reactor, E : gas chromatograph, F:column,
G:TCD. H : column, and I: FID.
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Catalyst Pentanone isomers Hexanone isomers
Nickel n-CH, n-CH,
Palladium n-CsH,, n-CeHy,
Iron n-CsHy, n-CeH s
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Table 1. Analysis of the gas sample for nickel catalyst

. Peak area ratio

Reaction b S _

temperature A B C D

, b/a | ¢/a | d/a | ¢/a | d/a | c/a { d/a | g/a b/al c/a | d/a | g/a
250 2.000 1 0.266 | 0.666 | 0.166 | 0.166 | 2.000 - 0.500 | 1.555 | 0.111 1 0.222
300 1.166 | 0.083 | 0.187 | 0.064 | 0.025 | 1.281 | 0.078 | 0.125 | 0.630 | 0.054 | 0.054 | 0. 043
350 0.533 10.033 ]0.011 | 0.020 - 10.136 = 10.269 J‘ 0.007 -
400 i 0.116 [ 0.004 © - - J : l :

Detector : FID. Hydrogenation pressure : 1.4kg/cm?® Detected temperature of CH,: 250~ 600°C.
A : 2-Pentanone, B: 3-pentanone, C : 2-hexanone, and D : 3-hexanone. a CH,, b: CsHg, ¢ :n-C,Hy,,
d:n-Csliy,, and g: n-CH ..

Table 2. Analysis of the gas sample for palladium catalyst

. Peak area ratio
Reaction S S =
temperature A B C D
c) a/d b/d a/d a/g c/g a/g

350 0.166 | 0.142 ] 0.050 | 0.150 | 0.085
400 - 0.108] 0.391 ) 0.906 | 0.102 ] 0.336! 0.342
450 0.244 | 0.311 | 0.366 | 0.371 | 0.228 | 0.258
500 1.148 | 1.037 | 4.875 | 1.444 | 0.600| 3.600
550 11.375 | 6.750 | 21.833 1 4.800 1 0.800 | 5.809
600 19.400 ; 3.800 | 36.666 | 13.400 | 0.700 | 44.666

Detector : FID. Hydrogenation pressure : 1.4 kg /cm?

Detected temperature of n-CsH,, and n-CsHy, : 250~ 600°C.

A: 2-pentanone, B : 3-pentanone, C: 2-hexanone, and I 3-hexa-
none. a: Cll,, b: CHe, ¢ : n-CiHyo, d: n-CsHy, and g n-Celys.

Table 3 —A. Analysis of the gas sample for iron catalyst

) T Peak area ratio

Reaction b B _ R

temperature A B
(0 a/d b/d c/d e/d f/d a/d b/d c/d e/d f/d

300 - - 2.000 | 19.000 | 35.000 - . 2.230 | 1.769
350 0.222 1 0.333] 0.185| 3.777 | 1.000 = 0.190 | 3.142 | 2.142
400 0.444 | 0.666 | 0.333| 5.777 | 1.444 | 0.500 | 0.333| 0.500| 6.500 | 3.500
450 1.666 | 1.388| 0.555| 3.944 | 1.277  2.153| 1.000| 0.846 | 5.615!| 2.307
500 2.615 | 2.153! 0.692 | 4.153 | 1.384| 4.333 1.444 | 1.111! 5.888 | 2.333
550 3.2721 2.090 | 0.727 1 3.363| 1.272| 4.333| 1.222| 1.000| 4.333| 1.777
600 4.375 1 2.625| 1.000| 2.500| 1.000| 6.666| 1.666 | 1.500 i 3.333 % 1.500

Detector : FID. Hydrogenation pressure : 1. 4kg/cm2 Detected temperature of n-C;H,, : 300 ~600°C.
A :2-Pentanone, and B : 3-pentanone. a: CH,, b: Csl,. ¢ : n-CiHyo, d:n-CsH,,, e : CH,CH,C(CH; ),CH,,
and f:is0-C¢H s
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Table 3 —B. Analysis of the gas sample for iron catalyst

Peak area ratio

Reaction
temperature C D
‘C ‘ :
0 a/g h/g /g a/g h/g i/g
300 — .764 | 0.529 - 1.617 | 0.911

1

350 0.109 | 2.585| 0.818 | 0.113| 2.159| 1.068
400 0.444 | 3.555| 1.111| 0.307 | 3.538 | 1.307
450 1.720 | 1.800| 0.640 | 1.950 | 2.450 | 0.800
500 2.421| 1.789| 0.578| 3.357 | 2.642| 0.857
550 2.705| 1.470 | 0.529 | 3.142 | 1.928 | 0.714
600 5.166 | 0.500 6.200 | 0.700 -

Detector : FID. Hydrogenation pressure : 1.4kg/cm?

Detected temperature of n-C¢H,, : 300 ~600°C.

C : 2-Hexanohe, and D: 3-hexanone. a: CH,, g: n-CsH,.

and h, 1: Ctzxw (X>6 )

Table 1, 2, 3908 Htin S, RIGEED < A 512 L 72h7v CHy D HERDI T DI g5kl

B TRUCHE & I BRSPS T 5 b D B2 HALZ, 212, MIBAEBIOMEY H5)
7 RO KFUSIIE & BOE ) Y AR S R D T,

Hydrogenation Reaction
Sample Catalyst pressure temperature

(kg/cm?) (C)

Nickel 1.4 300

Pentanones | Palladium 1.4 400
[ron 1.4 350

Nickel 1.4 300

Hexanones Palladium 1.4 400
Iron 1.4 350

Table4, S5EEZN LA EL TN T/ (2205 /0, 3= F /), ~XH/
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Table 4. Relative ratio of n-CsH, per mole of pentanones
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; Sample taken Peak
‘ Reaction Com. Peak area | 4 arlea Relative
Catalyst temperature pound moles (cm?) mole K are
(°C) (1d) (x10%) | ) (X 10°) peak area
Nickel 300 A 2 1.876 9.075 4.837 3.055
B 2 1.894 3.000 1.583 1
A 2 1.876 8.157 4.348 2.734
Palladi 400
aradiam B 2 | 1.8%4 3.013 1.590 1
Iron 350 A 2 1.876 1.574 0.839 1.379
35
B 2 1.894 1.152 0.608 1
Detector : FID. Hydrogenation pressure : 1.4kg/cm?. A : 2-Pentanone, and B : 3-pentanone.

Table 5. Relative ratio of n-C4H . per mole of hexanones

: Sample taken .
] Reaction Com- Peak area Peak arlca Relative
Catalyst temperature d moles mole ak ¢
(°C> poun (/1]) ( 10 5) (Clnz) ( xlos) peaK area
C 2 | 1.621 7.150 4.410 1.842
ic (
Nickel 300 D 2 | 1.629 3.900 2.394 1
C 2 1.621 14.400 8.883 1.051
Palladi 4 )
alladium 00 D 2 | 1.629 13.764 8.449 1
o 250 C 2| 1.621 2.760 1.702 1.229
" X D 2 1.629 2.256 1.384 1

Detector : FID. Hydrogenation pressure : 1.4kg/cm? C :2-Hexanone, and D: 3-hexanone.
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Fig. 3. Elution patterns of
pentanones and hexanones
for nickel catalyst.

Detector : FID. 1: CH,, 2: CsHg,
3:n-CiHyo, 4 :n-CsHyp, and
5:n-C¢H,. A: 2-Pentanone,

B : 3-pentanone, C : 2-hexanone,
and D : 3-hexanone.

Fig. 4 . Elution patterns of
pentanones and hexanones
for palladium catalyst.
Detector : FID. 1 : CH,, 2 : CsHs,
3:n-CiHyo, 4:n-CsHyp, and
5:n-CsHy4. A 2-Pentanone,

B : 3-pentanone, C : 2-hexanone,
and D: 3-hexanone.
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Fig.5. Elution patterns of | ' I
<
pentanones and hexanones SRR ¥ X % X%
for iron catalyst. § m,! L I
Detector : FID. 1:CH,, 2: CsHs, & ! . . —
3 : n“C4H10, 4 . n'CSHl’zv ..g
5:CHsCH,C(CH,;),CH,, §
6:is0-CeHuy, 7:n-CeHyo and & | € 7 D
8,9 :CxHaxez (x>6). 1
A : 2-Pentanone, B : 3-pentanone,
C : 2-hexanone, and ; | 8
D : 3-hexanone. ! 9 4 9
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