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AR QR FREYERE SR EEKD)
Q2 5 BALAF R eRKI) Qs 5 4 40
Sy A E (KJ) »
1. ® i 2 f3g =
(a)e Fwif it

He /% f34 Qs=
n HNOszk & &

12.068/(12.068+1.042) = 92%  (4)

% 92%¢11 HNOs nff-1§ £ Qa=2.931KJ/mol
AR ERER S 200 M F RER S
15C » 4 s fifez g o L4 2 4

20.083KJ/mol > & i*
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" AHf (K]/ mole
He -136.817
HNO;3 173.218
RDX -71.546
NH4NO:3 365.263
H>O 285.830
CHa(ONO»), 199.158
N203 -88.720
CO2 193.510

Fo o EF O FEIR £
B

o &My 10
He 1.256
HNO; 1.989
RDX 1.382
NH4NO:; 1.759
H>O 4.187
CH2(ONO»)2 1.926
N203 9.716
CO2 0.837
N2 1.047

195 2 27 2 2 (Hess’s law) » F B+
ERERE S Sel e 0
Qr = AH = Y (v;AH;)) — X(vidHp)  (5)
Y(WjdHp) 5“7 F A # £ & # 2 fr
(KJ/mole)> X(v;AHp) 5 73 F et 4 & 4
z_4fr(KJ/mole) -
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= X qmCy(ty — t3) (6)

+ 5\““‘ qm= ‘}'ﬂ(Kg/mln) Cv;‘:* 4 fv""b
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d()~G) R EE LR
Qr(1)=(-71.546+3x199.158+365.863+3%285.83)-(-136.817+10x173.2

F Bs# | 18) = 153.229(KJ/mole)

Qr | Qr(2)=(16x199.158+4x365.863)-(-136.817+16x173.218)=21.329(KJ/

mole)
Qr = (0.8048Qr(1)+0.1952Qr(2))x(1916/140) 1744.68
B fAE | d e aiE 2 gm[He] = 1916 g/min > He 14 &+ & 140 > #
Qs | Qs=20.083x(1916/140) 274.85
M4 | d © 4oiF & qu[HNOs] = 12068 g/min » HNOs ¢4 + £ 63 > 7

Qi | Qa=2.931x(12068/63) 561.45

B3| Q= Qr+QstQu= 1744.68+274.85+561.45 2580.98

Qs | Q3= Qi1+Q2=1234.46+2850.98 2815.44

(O 5 f3- ¥ SRR - A B B B A
i 2 =23 885w Q=Q= EALTFFHCIFE ERIG -
2815.44KJ/min = 1.689x10°KI/h- & Rfie k- Borpises FH > BEIHEH S
g g Ko FBER t=15C » 4 frk BA T BR TLSmATE G A B IR
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6C A=W a3 vy 2 T ERARES
2.303log;— (a)2 4rif 2

# 5 A= (1.689x10°)/(2100x23) = 3.497m’
RRA LR RGP HRITE > S
WA AR E D R B25% 0 ipHRE i
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B 5 207C 0 Aphd 92% 1 11 50% -
50%HNO; # f# # Q¢=25.539KJ/mole -
92%HNOs#f# £ Q¢=2. 931KJ/mole » 3+ &
’?‘ﬂ Fod (3)~(5)~(6):t 2 (Nt = = = (7)

A EE A1 5% (Kirchhoff’s law of
Thermochemistry):
=Qr+ (Z—Cz’)

Qr(70°0) - Z—C,';) (t; — t1)
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Qi

4 (6)F 42 A= > 4=20C > =70C » @
Q1=(2.445x1.382+6.772x1.926+1.736x1.759+12.068x 1.989+1.
042x4.187)x(12-70)+8.966x4.187x(20-70)

-4508.33

HNO3
A
Qa

d ¢ 4rig 2 qu(HNOs) = 11034 g/min » NHaNO3 4 + £ 63 -
&

Qa=(25.539-2.931)x(11034/63)

3959.63

F R
Qr

d(D)~G)% s E s &R - 22 e aiER 4=25C 0 =70
C » CH2(ONy), &~ + & 138 » ¥

Qr(3) = (-83.72+393.51+285.83)-199.158 = 396.462KJ/mole
£d (732 N2O3 4~ + £ 76°CO2~ + £ 44> H0 » + £ 18>

,
i

Qr(2)(70C) =
396.462+(0.716x76+0.837x44+4.187x18-1.926x138)(70-25) =
392KJ/mole

Qr(3) =392x(6722/138)

19236.41

Q | 7 e#

d(~G): i & 2> #F

Qr(4) =

(2x173.218+3x285.83)-(2x365.263-83.73) = 546.92KJ/mole
EdD)~(Di8 &~ & - % 2 iz =25C » t2=70C >
HNOs; » 3 # 63> HO » 3+ & 18> NZA,\—+ % 28 » NHuNO3 ~
TR 80 N20s A+ E 76

Qr(4)(70C) =
546.92+[(1.989%x63x2+4.187x18%3+1.047x28x2)-(1.759x80x2+
0.716x76%1)](70-25) = 551.011KJ/mole

£ d (1)7% > NH4NO3 » + £ 80 > qm(NH4NO3) = 1736 g/min »

,
8

Qr(4)=551.011x[1736/(80%2)]

5978.49

"
ik

Q2= Qr(3)t Qr(4)+Qua=19236.41+5978.49+3959.63

29174.53

Q3= Q11+Q2=-4508.33+29174.53

24666.26
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t1=303K > £ 4r@ A v B R th=313K # &
% #& k = 546.5W/(m’ K) =

1L97x10°KI/(m2- hr- K) » # @6 fi 3 ¥

_ (t)—(t-ty)

2.303log— :1

(343-303)—(343-313)
2.303loga2=303

343-313
X)) @

A= (1.48x10%/(1.97%103%35) =21.5m>

=35K » #-2 doficdh ik~

HPrEAR T = 343K #uid s iadk k =
1.78x10°KJ/(m?- hr- K)»  =0.75-4d %
7 v qm(RDX) = 2.445Kg/min > 50% A s
qmw = 22.068Kg/min = 1324.1Kg/hr> % = 4
R RIERE v = 1525m3/hr’ By
PR hr = 45min > % 2Tw AR E R S
F3tE LA e
FAL LR Er Py

= O0/(kA) (8)
FPQAARBAFAEKIN) A G
B f(m?)k 3 5 BEGEEKI/(m? h
- KAt & TR L At=[(tt)+Ht1)]/2

EY ',;L_'_?{_/%rgéﬁi“ \&'%? TH o 2R3 E :RDX %4 ZP\?'/E%EEHNO3~/{%ﬁ*}§
35°C » BRZEET A PR RXRIE I dpdR , BAfER
A HNO3 £ & f#
5By AT ei43m? o ¥ 3R Ak o (100gHNO:; 7% 13 g #2)
= KW~ ’f—l%'l‘ﬁd"%ﬁ}}_\%fdl“]' (%) 10C 20°C
Frooh¥eo AfInE xR 10 0.018 0.024
A EALE2m BRI R e B A S I 20 0.030 0.040
RSN EE R R R R 30 0.045 0.057
OB B G #£43/4=10.8m7 ; H A % 2 A8 40 0.059 0.080
B ff A1=3.04m> > st F # @6 ff Ay = 8.15 50 0.086 0.108
m? > i&;%*c [ Jf% A= A1+Ar=3.04+8.15 = 60 0.149 0.181
11.19m? » <3838 B a sl 4 o 70 0.325 0302
8. Fer fricdrig 80 - 2,013
¢ I RDX i? L ,él(‘ C = 1.382 90 _ 225(250C)
KJ/(kg'K) » Bs e Co=2.931 KJ/(kg'K) » % 100 ~ 30.0230C)
%‘F’J( r T /.w_}i t1 = 299K > 4' v :\375{ th =
302K -k prit hE R To= 305K 0 % A2
FoocakA e fo i REFE
7P PR EA [
F} S\ %2 g ' =
s (6)5 Frfedy o F
(KJ) R~

146.7x1.382%(343-305)+1324.1x2.931%(343-305)

1.55x10°




118 THEFE FLP AA--1F

LR E)x E -
A At =[(305-299)+(305-302)]/2 = 4.5K
A =(1.55x10%)/(1.78%x103x4.5) 19.35
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V(m?) 1.364
BB V=V.nm=1.364/0.75
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3 .
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Abstract

The influence of the nitration temperature on the orientation of a nitro group is in certain
case rather marked. The nitration temperature has considerably effect on the position of the
nitro in an aromatic nucleus. Nevertheless, keep the desired temperature constant is of greatest
importance from the viewpoint of safety and of purify of the product. The use of too high a
temperature causes the reaction to proceed violently. At high temperature by-products,
especially oxidation product, are readily formed. The oxidation reactions are accompanied by
the evolution of nitrogen dioxide. This is why the temperature must be kept as low as possible,
especially at the initial stage of reaction when the substance is not yet or only at the initial
stage of the nitration. The safety limit of temperature depends on the chemical structure of the
compound being nitrated. For example, in the nitration process of RDX, temperature near
15~25°C and over are considered dangerous. Esterification with nitric acid should be carried
out at temperature close to room temperature or lower. If a nitrator is equipped only with a
cooling or heating system, the ratio of the heat exchange area to the nitrator capacity depends
on both. When the capacity is cubed the surface area is squared. Thus, when the design of a
update plant are adjusted the heat exchange area may no longer be adequate. Then a new heat
balance calculation must be provided. This paper describes the detail.

Key words : RDX, nitration, reaction, cooling



