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Table 1 Conditions of Gas-chromatographic

Analysis

Hiw:i;i-?;rkin-Elmer F-6 Gas-
Apparatus Chromatograph

30% Bis-2-Ethylhexyl-Sebacate
Column on Celite, 4m
Column

Temperature 85°C

Carrier Gas He, 2.0kg/cm?
H: Pressure 0.6 kg/cm=
Air Pressure 1. 2kg/em?

Table 2 Factor of Each Reaction Product to
Toluene in The Nitration of Propane

Reaction Product Facztl);oi:/m'l‘ (;)llsene
Acetone 3.2
2-Propylalcohol 3.1
Nitromethane 7.2
Unidentified-]**# 4.7
Nitroethane 3.6
2-Nitrpropate 2.5
1-Nitropropane 2.5

Table 3 Factor of Each Reaction Product to
2-Nitropropane in The Nitration of

Ethane
Reaction Product Factor to 2-Nitropropane
(mole/mole)
Ethylaleohol 2.7
Unidentified-2*** 3.0
Nitromethane 2.9
Nitroethane 1.4
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Reaction Time (hr)

CsHg: 5.0 10-2mole/i,

HNO; or NO2: 2.0x10-2mole/l

O®: 2-CH:NO:;, AA: CH,COCH;
O: 2-C:H,OH, * [J: unidentified-1
OAOO: HNO;, @A: NO:

Fig.1 Effect of nitrating agent on nitrtion of
propane at 159°C

—290 —

x 1675

Reaction Product (mole/l)

Reaction Timo (hr)-

C:Hs: 5.0x 10-2mole/!,
HNO; or NO:: 2.0x10-2mole/l

0@: C:H;NO;, AA: CH:NO:
©4¢: C:HOH, (M unidentified-2
OAOO: HNO;, @AeNl: NO:

Fig.2 Effect of nitraling agent on nitration
of ethane at 185°C
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Fig.3 Effect of nitrating agent on nitration
of propane at 159°C
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Z-Cjﬂ,;:ioz (zole/1)

Reaction Tize (&ar)

C;Hs: 5.0% 10-2mole/l,

HNO;: 2.0x%10-2mole/l

@: none, O: NO. 5.4%x10-3mole/!

O: NO; 4.4%x10-2mole/!

&: H:0, 4.0x10-2mole//

A: H:0, 4.0x10-2mole/l+NO,,
4.4%10-*mole/!

A Oz 5.4%10-3mole/!

.5

Effect of additives on nitration of pro-
pane with nitric acid at 159°C

Table 4 Effect of Additives on Nitration of Propane at 159°C
(CsHs)tco: 5.0X10-2 mole/l
(HNOg)ez0: 2.0 10 mole//

Additi Induction Period Formation Rate of Each Reaction Product
ves of 2-Nitropropane —
(mole/l) (mins.) 2-Nitropropane Acetone nidentified-1
. {mole/l+sec) (mole/l.sec) (mole/l+sec)
none 43 1.2X10-? 1.0x10-? 3.4%10-¢
NO 5.4%x10-? 0 3.3 1.3 2.8
NO: 4.4x10-? 38 2.2 1.0 2.5
NO; 4.4%x10-3
H:0 4.0x10-? 39 2.1 0.86 2.5
H:0 4.0x10-2 105 1.3 0.72 0.94
Q: 0.4x10-3 245 1.3 0.88 6.6

Formation Rate: d(Reaction Product)/d¢max

Vol. 31, No. 4, 1970
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Fig.s Effect of additives on nitration of pro.
pane with nitric acid at 159°C
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at 159°C
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140~20CCOBRIZ L BT v AL BT & L DY
Hi= bufEEe, = Felk8BHE b2 5 RERKIT
UEDEENGSEDI I ITHLLND,

a) ZRMEBRBOEREIS

NO+ZHNO; = 3NO:+H:0 (2
H:0+NO:+NO = 2HNO: (14)
b) Z=EpbRHic & 5 AkRFE X R

NO:+CsHs — | =C3H:- + HNO: (15)
NO:+C;Hs — 2—-C3H:- + HNO: (16)

NO:+C:H¢ — C:Hs- +HNO: an
) ERTAENT I HNORE
1 =CsHy+ +NOz — 1-C3H:NO: (18)
1—-CsHz+ +NO: — 1 -C3H:0+.+NO  (19)
2—C;sH;+ +NO: — 2—C3H:NO:; 20)
2—CsH;-+NO: — 2—C,H;0.- +NO  (21)
C:H;+ +NO: — C:H;NO. (22)
C:Hs- +NO: — C:Hs0+ +NO (23)

T HNBRARE (18), (20), (22) BXU 5T
HATIEESE (19), (21), (23) oW TERLH
HOF=FiTlenirere, X F U500 BILE
WE O ZHFRUEDOMEE L Phillips &30 iz X >TH)
EERTWD, BN L Titl. 7X102mole-t
cembesect, FIGLERTIZHL Tt 3.3X 102mole-t-

waxk Gray 619 13 Wildes» o B b &, KI5(22),

(23) o@iErRKOME 4x1018 mole-t-cmdesec-t &
’E"ELTV‘Be
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cm-sec™! O 2 FMHEEEKHI G2 o, EiEfL=R L
F—i30 L InNTV3. (18)~(23) DILEDOHE L,
AFAGHTAOPUEDMEEIE T E LD LT
ah, —RERERERENS SBEM LT, 7'n
EATTHANDIEL, TAXRNF S HNMIZE DEAR
FHEERM e Y OBBERS L 3B L Gy, TR
NI THANE THERE O LML (3), () ((5) b
HORENTEEL = A ¥ — EHoZ LAVFARXA,
HEED B <, TRYERIRARNE b 272 D By sl
BT TR, BEOKFERLOLRALYFELRVWT
555,

UL, BEREMRAIMERTIE RNRSE-1 o4
k= b e 7 e L OARICESRTHBM &R &
D, k7, FTOERBRLFELDLLAE. KFAEDH
Bl Y oA XS ISR Y e
MRS IBETHY, MREFMLEZ LItk 34
ORI FTOBE® EFT ERLE DL Ebh
Do

2—CsHz+ +0: — 2—C3H;0;+ ¢2))
kR, BEEASINRLREND KON TIE, —fp
{ERWBEHS I LU, BUE (@509
HEFTBL51zh56,
R.+NO —RNO 25)
l-= b Fusiv/2-2 b e P ety O&RENEK
IO EEZ T AW Lk (15), (16), (18)~(21)
OPUGER TRUI L2588, HEFIC X S TFENL W
ZERBRHELALY. ZRIERKIZES 5T
BAEIKSE 6 0 kK ik E LUtz v T @ Evans.
Polanyi AOEK a 2T 1.0 L B R B, Lo
T, @ ok#EB & U 2 ko f{esHic
3314k & BUE OB = % L ¥ —2%124Y 3.5kcal/mole
Td5, 18FC D I-= b F e,y /2-= puFu
YOERIEE 011 & LAMAD 155°C #3510 200°C
B3 i 2h #0093 100.13 & HEH Sh
5. ThonffimhRilicEsdhororEL LTy
AR b TIT74—2&B I-= b0y
L AR Thoid Ltz oh S,

TAAXXLSEAADLOEMEEZ NS T
by, KRAEHHE-1 BEK, -2, 7ra—i5H,
= b e A7 U EOERB L LDz VT X
HIZF =2 /TR S,
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Studies on Vapor-Phase Nitration of Paraflins

11, Vapor-Phase Nitration of Propane and Ethane

by M. Tamura, T'.Wakabayashi, T.Yoshida,
T.Abe and K.Namba

The vapor-phase nitrations of C;Hs and C,Hg with HNO; have been carried out
at relatively low temperature, 120-200°C. The propagation of the reaction was followed

— 26—
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by the concentration of reaction products, The effects of the reaction time, the
additives, the reactant concentrations and the reation temperature on the formation of
the products have been studied.

The nitrations with HNO; or NO; under the same conditions gave the same kinds
of products and the same 1-C;H;NO; to 2-CyH;NO; ratios. In the nitration experiments
with HNO;, the induction periods were ovserved and the S-shaped conversion curves
were obtained. After the induction periods a brown color indicating the evolution of
NO, was observed. In the nitration experiments with NO,, the reaction proceeds
smoothly without the induction periods.

From these results, the mechanism of the vapor-phase nitration of C,—C; Paraffins
with HNO; at 140-200°C may be proposed as follows, the rate determining steps are
the decomposition of HNO; during the induction period and the hydrogen-abstractions
from parafins by NO; formed from HNO; after the induction period. The effects of
the reaction variables on the appearance of some products can be explained by the
proposed scheme,

(University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan and Takasaki
Radiation Chemistry Research Establishment, Japan Atomic Energy
Research Institute, Watanuki-cho, Takasaki-city, Gamma, Japan)
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