
PRELIMINARY PLANT DESIGN OF 60 /  WEIGHT NITR.IC
ACID USING TUBULAR MEMBRANE REACTOR

CAPACITY 22,OOO TONES/YEAR

ftlo. TNEUK

ErLl  - - -

ba F\lK U

(ca n€

submitted by:

BENNY SANTOSO

MARIO ARDIANTO SOBHANA

M. C. CAROLINE WICAKSONO

DEVARLY PRAHAS

5203003025

5203003045

5203003046

5203003047

DEPARTMENT OF CHEMICAL ENGINEERING
FACT]LTY OF ENGINE E,RING

WIDYA MANDALA CATHOLIC UNIVERSITY

SURABAYA

2()06



c
v,
:t
o)

o
ce
f
o

O- ,."

c,L

oo
=

.g
c

=

.Y

c
.9)
vl
o
o
tr
o
o-

o
c
o
oz
o
tr
o
E

.=
o
t
U

o
!
.3
vl
o
.c
o

=

c
ct
tr
D
Q.r

.E
T'

o
c l
o
E

.=
o.c
U

e
+,1

t^ .3
- - , . r J=\o- E i s

EE F P\=6l= =

FE #iE€$$=F * 5S tt5
EE R;Seb*
5E _<s -.iEssx = =i\,, E==5t E s : s F
GEE== E €x.s
#Egftt - FssoEEsB E =
=EE=== E Sf; cE*c s
=E alz_
9gE'==
=Eg=z

o
c
o
E
o
Lo-
t,

o)
tr
o
c

s.sl?
(n'., ^9

(;j
r{ l
e l
z l
< I

\- \
m \  ' l
E  l <
\ )  t -
f f l E
< lx
F/ri
7^."/

. F

E



c
.9
too

.E t '
F
IA
t
c't

o
g
o

?=
fLL
o lt l
o-  , / l - l
c{ \rl,(

a A  / \ i

LU'

E
E
Gx
E:

=

o
c
o
o
o
o-
]C

o)
c
o
c

iO
oo
c{
co
Eoo.
E.

trg
o-
o
e

.9
oz
o
c
o
E

.=
o
s
U

o
!
.2
tn
o
-c
o

=

c
o
g
f
o.
.E
:tr
o
c
o
E

.=
o
U

e
E

,^E
o*

rl-cB
Eh, S

o E:,S5

9 .ESo q =,S-\3
PS EE S
b\s 6().S
6 q e bs
-SEN.F.,
I8:s $
E €R. d
U TFR H

ocrNue{g,
L-

c$
Sq)

\s:
sl

5
C3P

8Fc
3p
=o
lL=
qra
Eb
F$l
L - tc+
Fd
vl
E <#
!t-
-  - l l l
=  ) -
a -==
Art \ZL,
= = - / A

-qEY=cEr - - -- - r - r -

EEfs
=E F=

Ei9<d-78=z
gE?figfr+E
EE=9
2U)2.Y,

E 3Ti
l r a r - 5 q

n - - J

=F==
- Y <. -tr,

rE- I - -

r-- - l  -F Z
- -

i ; ..'. .l

o
)

)

\

z
l
I

-

E
L
-

-

a
)

o
=

.g
g
-v
C
-v



APPROVAL SHEET

The Final Project

Preliminary Plant Design of 60Yo Weight Nitric Acid

Using Tubular Membrane Reactor Capacity 22,000 Tones/Year

Prepared and submitted by:

Name : Benny Santoso

NRP :5203003025

Has been approved and accepted as one of the requirements to achieve Bachelor of

Engineering degree in Chemical Engineering Department, Engineering Faculty, Widya

Mandala Catholic University Surabaya by following advisor and has been examined by

the committees on examination on 19 May 2006.

The Committees

NtK.521.96.0242
I
j

Member j
.lt

--1 !,-,---------a* 4 l. _ _ _

Nardln-d65wmi:li--
NrK.521.86.012t

Dean of Enginoering Faculty

Approved by. i

NtK. 521.97.0284

S

V//
adi Ismadii. Ir.. M.T.

NrK. s21.93.0198

Rasional sltffilliM.en
NIIC 511.89.01s4 NtK. 52r.93.0198



APPROVAL SHEET
The Final Project

Preliminary Plant Design of 600/o Weight Nitric Acid

Using Tubular Membrane Reactor Capacity 22,000 Tones/Year

Prepared and submitted by:

Name

NRP

: Mario Ardianto Sobhana

: 5203003045

Has been approved and accepted as one ofthe requirements to achieve Bachelor of

Engineering degree in Chemical Engineering Department, Engineering Faculty, Widya

Mandala Catholic University Surabaya by following advisor and has been examined by

the committees on examination on 19 May 2006.

The Committees

., Member
, !

'f;l '"t:' -''

Wennv l iawaty. S.T.. M.T.-
NIKI521.97 .0284

Dean of Enginecring Faculty

Approved by

Heaa oiercd'iii;a Department

NrK.521 .93 .0198

NrK.521.93.0198

Nannnaraswati. fr.
NIK. 52r.86.0121

NIK.511.89.0154 NIK.52r.93.0198



APPROVAL SHEET
The Final Project

Preliminary Plant Design of 60oh Weight Nitric Acid

Using Tubular Membrane Reactor Capacity 22,Offi Tones/Year

Prepared and submitted by:

Name : M. C. Caroline Wicaksono

NRP :5203003046

Has been approved and accepted as one ofthe requirements to achieve Bachelor of

Engineering degree in Chemical Engineering Department, Engineering Faculty, Widya

Mandala Catholic University Surabaya by following advisor and has been examined by

the committees on examination on 19 May 2006.

June 2006

The Committees 
/-,

/*y.,4
'a'/7*/a t

--ti"ffiil"t.

Member l
I' --'*-t'-' -'-.-.. -'" l--

Nani+ndraffiatl Ir.
NIK.52r.86.0121

Dean of Engioeeling Faculty Head of Chemlc d Effieering Departmenl

Approved by

lv

NrK. 521.93.0198

lianawati. S.T.:M.Sc.
NrK. s21.96.0242 NrK.521 .93 .0198

NrK.521.97.0284

NIK.511.89.0154 NIK.591.93.0r98



APPROVAL SHEET
The Final Project

Preliminary Plant Design of 60Y" Weight Nitric Acid

Using Tubular Membrane Reactor Capacity 22,000 Tones/Year

Prepared and submitted by:

Name : Devarly Prahas

NRP :5203003047

Has been approved and accepted as one ofthe requirements to achieve Bachelor of

Engineering degree in Chemical Engineering Department, Engineering Faculty, Widya

Mandala Catholic University Surabaya by following advisor and has been examined by

the committees on examination on 19 May 2006.

NrK.521 .93 .0198

The Committees

NtK.521.96.0242

I
Member l

_..-.-7\,__.-,.1.2. ._ l__ --

Member

l t '  '  
' ' '

I

Wenny lrawaty. S.T.. M.T.
NrK. J21.97.0284

hgineering Department

Approved by

NrK.52 t .93 .0 t98

NrK.52r .86.0r21

Dean of Engineering Faculty

NrK.52r.93.0198NIK .511 .89 .0154



ABSTRACT

The defensive industry is one of the most important industries in Indonesia. One
of them is explosive industry, which needs ammonium nitrate. Nitric acid is one of the
strategic materials for defensive industry and also used as an oxidizing agent and as a
highly active acid for fertilizer, plastics, pharmaceuticals, dyes, synthetic fibers,
insecticides, and fungicides.

Nitric acid can be produced from weak acid process and concentrated acid
process. Nitric acid in explosive industries only needs concentration about 59o/o weights.
Therefore, this preliminary plant doesn't have concentrated acid process, which can
produce nitric acid up to 100% concentration. Weak acid process with single pressure is
used in this preliminary plant. The pressure that is used is a medium pressure (7 atm).
The reason for choosing weak acid process is because it is suitable for small or mddium
capacity plants (nitric acid that is produced which is less than 600 tones/day)

Ammonia liquid is used as raw material in the making of nitric acid. The brief of
description process is as follows; ammonia liquid as raw material is vapored using
vaporizer then part ammonia vapor formed reacts with oxygen in the air and another part
reacts with tail gas forme.d in the absorber. Reaction befween ammonia and oxygen
occurs inside the membrane reactor with lanthanum perovskite catalyst. Then gas product
flows to heat exchanger networ-k system and reaction between gas product from reactor
with water form nitric acid is occurred all the way to heat exchanger network system.
Nitric acid with 40% concentration is formed after partial condensation inside cooler
condenser. This nitric acid then flows to the bottom ofabsorber to react and be absorbed
with water to form nitric acid with 60% concentration all at once. Uncondensed vapor in
cooler condenser then flows to the middle ofabsorber to be reacted and absorbed by H2O
to form nitric acid with 60% concentration all at once. To reduce tailgas emission that is
produced, tailgas will be reacted with NH: inside SCR reactor to form Nz and Oz.

This preliminary plant designhas following properties:
NHr
492.0658 kg/hour
2777 -78 kg/hour
600/o

Raw material

:75  m3 lday
:44 kW
:9.0874lb/hour

I I I people
Cikampek, West Java.
6400 m'
1600 m2
1354 m2

Raw material capacity
Nitric acid capacity
Purity
Utility :

. Water

. Electricity
' Fuel

Amount of employees
Plant location
Land area
Process area
Building area

vl



Economic analysis:
I .  IRR

2.

Before tax :41.09 %o
Af te r t a r : 24 .48%
ROE
Before tax :52.81 %'
A f t e r t ax :32 .74Yo
POT
Before tax: 2 years and 7 months
After tax: 3 years and a month
NPV : R,p. 125,259.,394,7 61 .98
ROr :46.30%

BEP :30.796%

3.

4.
5.
6.
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EXECUTTVE SUMIVIARY

The defensive industry is one of the most important industries in Indonesia. One

of them is explosive industry, which needs ammonium nitrate. Niric acid is one of the

strategic materials for defensive industry and also used as an oxidizing agent and as a

highly active acid for fertilizer, plastics, pharmaceuticals, dyes, synthetic fibres,

insecticides, and fungicides.

At the moment, the needs for nitric acid in Indonesia can be fulfilled domestically

and also from abroad. The domestic supplier is PT MNK (Multi Nitrotama Kimia). This

preliminary plant is expected to help the development of nitric acid industry in IndJnesia

so that in the future our country can supply this nitric acid by itself, without importing

them.

There are two processes in making nitric acid, which are weak acid process and

concentrated acid process. Concentrated acid process can produce nitric acid with

concentration up to l00o/o. Ammonium nitrate industry only needs nitric acid with 59%

weight concentration as raw material. Therefore, weak acid process is enough to make

nitric acid as ammonium nitrate raw material.

Weak acid process can be divided as single-pressure process and dual-pressure

process. This preliminary plant design uses single-pressure process with medium-

pressure (7 atm) with the production capacity 22000 tones/year or 40 toneVday. This

process is chosen because it is suitable for plant with production capacity below 600

tones/day. The main reactor used in this process is a modified catalytic reactor. This

reactor uses lanthanum ferrite perovskite membranes catalyst. There are two main

advantages by using this catalyst. It has high NO selectivity and there is no formation of

NzO or commonly called as laughing gas. Thus, it reduces plant gas emissions.

In this nitric acid preliminary plant, energy is used efficiently. Energy produced

from the process with high-pressure is re-used as source of energy of the compressor.

This can be done with the use ofsteam turbine and tail-gas expander turbine. Steam that

is produced from waste heat boiler is a high-pressure steam. The high-pressure steam and

tail-gas flowing out from abatement reactor are then expanded with steam turbine to




