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Schematic Flow Diagram of Nitration apparatus:

=]

Blv Bl; N2 bomb) B!; CSHB

bomb, B,; Additive bomb, By; He bomb, G,, G;, Gy; Wet Gasmeter, O, Oy,
Qy; Olyfice-Type Flowmeter, T;; Mixing Trap, T:; Pressure-Regulating Trap,
Ts; Trap for Regulating Confusion Flow, T, Ts; Trap for Condensed Products,
D,;; CaCl; Cylinder, D;; Washing Trap, N; HNO,; Pump, R; Reactor, Al;
Heating Bath of Al Block, A; Electron Accelerator, Pb; Pb Shelter from Electron
Beam, C; Condenser, M; Manometer Indicating Pressure in the Reaction System,
Ga; Gas Chromatograph, S,; Slide Trans for Control Heater, S,; Slide Trans
for Continuous Heater, T-C; Relay for Temperature Control, T-T; Temper-
ature Indicator, L;; Flow System of C,H,, L;; Flow System of Additive Gas,
L,;; Llow System of Mixing Gas, L;; Flow System of HNO,, L;; Flow System
of Off Gas, L,; Exhaust Gas, L;; Off Gas for Gas-Chromatographic Analysis,

Ly, Ly Lio; By-Path,
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Fig. 2 Reactor and Heating Bath of A! Block: S; Reactor of Silica, R; Silicone
Rubber, Al; Heating Bath of Al Block, H-1; Continuous Heater (1kW), H-2;
Control Heater (500W), GW; Glass Woolof Silica, N; Feed System of HNO;,
P; CsHy or Mixing Gas Feed System, G; Reaction Gas Exit System, T-C;
Thermocouple for Relay, T-T; Thermocouple for Temperature Indicator.
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Fig.3 Temperature distsibutions of reactor
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Fig.4 Temperature distribution of reactor
O: R60 V: R49 @: R-5!
O: R47 A: R-48 A: R-50

Run Reaction CsHg/HNO; Contact

Number Tompasire (hde o
R-60 400 5.0 3.4
R-49 400 5.0 10.3
R-51 400 7.1 5.3
R-47 400 7.2 5.3
R-48 400 1.8 5.3
R-50 400 16.8 5.3
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Table 1 Conditions of Gas-chromatographic
Analysis for Condensed Products

Apparatus: Hitachi-Perkin-Elmer F-6 Gas-
Chromatograph

Column: 3095, Bis-2-Ethylhexyl-Sebacate on

Celite, 4m

Column Temperature: 85°C

Carrier Gas: He, 2.0kg/cm?

H; Pressure: 0.6kg/cm?

Air Pressure: 1. 2kg/cm?

Product Factor to Benzene (mole)
Nitromethane 9.4
Nitroethane 3.8
2-Nitropropane 2,2
1-Nitropropane 2,2

Table 2 Conditions of Gas-chromatographic
Analysis for Off Gas

Apparatus: Shimazu Model GC-3AL Gas-
Chromatograph
Column: Silicagel or Activated Alumina, 60~
80 mesh, 2m
Column Temperature: 30°C
Carrier Gas: He, 0.6kg/cm?
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Fig.5 Effect of dose rate on conversion
of HNO, to nitroparaffins in vapor
phase radiolytic nitration of pro-
pane at 400°C

C,Hy/HNO;: 7.3~8.4 (mole/mole)
contact time: 4, 6~5, 2sec
E.B. (electron beam): 2MeV

©: Total nitroparaffin A: CH,NO,
A: CGHNO, e@: 2-C,H:NO.
O! [-C;HyNO:
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Fig.6 Effect of dose rate on nitroparaffin
distribution in vapor phase radioly-
tic nitration of propane at 400°C

C,H,/HNO;: 7.3~8.4 (mole/mole)
Contact time: 4, 6~5. 2sec

E.B.: 2MeV
Al CH;NOg A CszNOg
®: 2-C,H,NO, 0: 1-C;H;NO,
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Fig.7 Effect of temperature on convertion
of HNO, to nitroparaffin in vapor
phase nitration of propane

CyHy/HNO;: 7.2~9.2 (mole/mole)
Contact time: 4,0~5, 4sec

O: Total nitroparaffin A: CHgNO:
A: CgHsNog . : 2-C;H1NO)
O H |-C;H1N03
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Fig.8 Effect of temperature on 'nitro-
paraffin distribution in vapor phase
nitration of propane
C;H,/HNO,: 7.2~9.2 (mole/mole)
Contact time: 4,0~5, 4sec

Al CH;NO; A c;H;NOa
[ B 2'C;H1NO: QO: l-C;H,NO,
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Fig.9 Effect of temperature on nitro-
paraffin distribution in vapor phase
radiolytic nitration of propane
C;Ho/HNOy: 7.2~-8.3 (mole/mole)
Contact time: 4.6~5, 3sec
E.B. (electron beam): 2MeV, 1mA
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Fig. 10 Effect of CsH,/HNO,; on nitroparaffin
distribution in vapor phase nitration
of propane at 400°C

Contact time: 4, 6~5, 4sec
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Fig. 11 Effect of contact time on nitroparaffin
distribution in vapor phase nitration
of propane at 400°C

C:Hg/HNOy: 4.9~5.3 (mole/mole)
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Fig.12 Effect of C;H;/HNO; on nitroparaffin
distribution in vapor phese radiolytic
nitration of propane at 400°C
Contact time: 4. 5~5, 4sec
E.B.: 2MeV, ImA
A CHNO,
.: 2—C3H1N02

A CgHgNOg
O: 1-C4H,NO,
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Fig.13 Effect of contact time on nitroparaffin

distribution in vapor phase radiolytic
nitration of propane at 400°C

C;H,/HNO,: 4.8~5.5 (mole/mole)
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MOLE RATIO OF ITROPURAFFIN {met/mol)
o

Fig. 14 Effect of reaction temperature on
mole ratio of nitroparafin in
vapor phase radiolytic nitration of
propane

C:Hg/HNO;: 7.2~9.2 (mole/mole)
Contact time: 4. 0~5, 4sec

: none
—s—s—: E, B, 2MeV ImA

MOLE RATIO OF NITROPERAFFIN (et mot )

Fig.15 Effect of dose rate on mole ratio
of nitroparaffin in vapor phase
radiolytic nitration of propane at
400°C

C,H,/HNO;: 7.3~8.4 (mole/mole)
Contact time: 4.6~5. 2sec

E.B.: 2Mev
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Table 3 Elementary Reactions in the Nitration .

of CyH,
HNO;—HO- +:NO, (@D
CiH,y+-OH—2-C,H,- +H,0 (8)
—1-C;H;-+H,0 9
2—C;H1 ot -NO;—*2-C;H{NO, ( IO)
—2-C,H;0- +-NO Q1))

2-C;H,++HNO,;—~2-C;H;NO, +-OH 12)
—2-C;H;0++-NO++OH (13)
—2-C;H,0H+-NO; 14)

1-C3H;+ + -NOy—1-C,H,NO, 15)
—1-C;H;0. +-NO 16)

1-C4Hy+ + HNOy—1-C,H;NO; + -OH an
—1-C3H;0++-NO+-OH (18)
—1-CsH;OH+:NO, (19)

2-C;H,0.—CH,COCH,+H- (20)
—~CH,CHO+CH,- @n

2-CyH,0+ +CyHg—2-CiH,OH+2-CyHye  (22)
—2-CsH;OH+1-CiHye  (23)
1-C3H,0-—C;H,CHO- +H. 24)
—~HCHO+C,H,- (25)

1-C;H,0- +C;Hs—1-C;H,OH+2-C,H;-  (26)
—~1-CH;,OH+1-CiHye  (27)

C,H,« + -NO,—C;H;NO, (28)
—C;H,0:+-NO (29)

CsH;+ + HNO,—C,H;NO, + -OH (30)
—C,H,0+ +:NO+-OH 31

—C,H,0H+ -NO; G2
C;H;0.—~CH,CHO+H- (33)
—HCHO+:CH, (34)

C,H,0+ +C,H—C;H,0H +2-C;H;. (35)
—C;H,0H + 1-C;Hy+ (36)

CH,+ + +NO,—~CH;NO, a7
—CH,0-+:NO (38)

CH,;+ +HNO,—CH,NO, + -OH (39)
—CH;0: +:NO+-OH (40)
—CH,0H+:NO, 4n
CH;0-—~HCHO+H. (42)
CH,0+ +C,H,—~CH,0H+2-C,H,. (43)
—CH,0H+1-CH,- (44)
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Vol. 30, No. 5, 1969 (299)

KTBD, 440~460°CCILBICRP T 5,
Fig.15 X9, 2-=buXu iy /l-=2buFe,iy
DEFERBRBENTEHPL, BRBOFL T
ATOUIHEHTHD, REBENTZ LickY,
=bpzpy/l-=buFelrBrt=torzzy
[2-=buF a0 ERRKIEELICKTEN, =
buxF v /2-=t n T e R0 RO IKLSGE
THD, =buryrv/=bexsyr OLERIELER
BEHT LARBICHEAL TRXT S,
THROOFRLBBTIEDIZ, Tesroliii=
b LB B TEEBD bh TaELREEE
Table 3 {zRLik,
-=tuFulrBril-=buFaivikOH,
CH0., C;H,0., 2-C,H,0- BX ¥ 1-C;H,0- (0 &
37 u b oKRBIHRERSTAR L X 2-Caly.
B 1-CH,H3, -NO; 321 HNO; LR+ 3
ZLIZEVERENRD.
=buxp vz 1-CH,O- O4f% (25) T4&LE
CyHs- & -NO; %721 HNO; L DOEIBICE 2 TR
Ehs, Tofft. 1-CH0. O34 (29) H5vix
‘NO B8L1f -NO: LoRSLRE
1-C;H;0+ 4+ «NO-C;H*CHO+HNO 45)
1-CH,0- + \NOy—C;H,CHO+HNO;  (46)
TR L GHCHO »n6od CHye o #5b &2
bhs,
C:H,CHO+A—C;H.CO+HA 4n
C:HCO—C,H;. +CO 48)
=Fw 22V it 2-CGH,0- 3L CH,0. 04352
(21) BE® G TLLE CHye © NO; ¥iid
HNO; roRINicEs, “of, B @D icks
2-C,H:0- o4t Ei: (33) kkk 3 GH0. i
i) CGHO- & ‘NO Xt -NO; oAk
R edf L CH.CH,CHO » GH,CHO oifig
LR T CHy: 24ML, Thbhbod =bn
AF~OHELELbNSD, EbIZ, TAIA—AD
LB iAIiciE, C:HCHO X CH,CHO i

KOG LIS THLEREND,
RCH,0H+.A—~RCHOH+HA 49)
RCHOH+-A—RCHO+HA (50)

Kk, Re & -NO; LORECR =buis7 4y
$xi2 RO. L -NO L2445,
R.+-NO,—~RNO, (6)
R+ -NO;—RO- +:NO 1)
Shaw*® jz X 3 %, CH,» & -NO; LORIETRE
B’ (6) BLT () 0L =R ¥—i2 IIEES
T, kifke 12 1.9 L7235, Topchiev |3 CHy- &

43



‘NO, LoRIET
X RNOy/X RO« =f,/f;+c4BIRT (1)
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- Table 4 Relative Thermal Decomposition Rate

of Nitroparaffins

Reaction Relative Thermal Decomposition
Temper- | _ Rate of Nitroparaffins
ature k,-N.p. VoK. kx.r. N.M.
CC) | tknp. | /hi-np. | fp-np. | /N.E.
380 2.9 0.82 0.22 0.83
400 2.8 0.84 0.27 0.93
420 2.7 0.86 0.34 1.1
440 2.6 0.88 0.42 1.2
460 2.5 0.90 0.49 1.4

2-N. P.: 2-nitropropane, 1-N. P.: 1-nitropropane,
N.E.: nitroethane, N.M.: nitromethane
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Table 5 Relationship between Themal De-
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tion Reaction of 1-C,;H;0
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N lg‘/i? &f P 0
-E./1-N. P, 47
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Studies on Vapor-Phase Nitration of Paraffins IV. Vapor-Phase Nitration
of Propane and Effects of Radiation on it in the Flow System

by M. Tamura, T. Wakabayashi, T. Yoshida,
A, Abe and K. Namba

The vapor-phase nitration of CsH has been studied with HNO, in the ffow
system under irradiation of electron beam or not.

The good temperature distribution of a reactor is gained by using the heating
bath of Al block for controlling the temperature, which is thought to be fit for the
study of the gas.phase reaction under radiation.

Studying effects of does rate, reaction temperature, mole ratio of C,Hs/HNO,
and contact time on the nitration of CyHs under radiation or not, irradiation of
electron beam has an effect on the increase of the initial radical concentration, as the
conversions of nitroparaffins, the formation ratio of 1-nitropropane/2-nitropropane and
the distribution of lower nitroparaffins become higher with increasing dose rate. But
its degree is not so much. Other factors, especially the reaction temperature, rather
than dose affect the nitration of CsHg much more,

These results indicate that if the mechanism of the vapor-phase nitration of CyHs
is a radical-chain one, its chain.length should be very short.

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