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Abstract

A chemical company' is considering the production of Hydrazine Hydrate. The company has tied
up with Indian Institute of Chemical Technology (IICT), Hyderabad, for development of
Hydrazine Technology.

IICT, the premier chemical institute of India, will develop a bench scale process for
manufacturing hydrazine hydrate and also demonstrate at pilot scale. It would provide detailed
designs for a commercial plant with 8,000 tonne per annum capacity. Hydrazine hydrate is
extensively used in the pharmaceutical, agrochemical and water treatment space.

The process, being developed by IICT, Hyderabad, is based on hydrogen peroxide route, which
is considered environmentally benign.

The scope of the project is to develop a design and scale up to produce 12 kg/hr continuous on
Pilot Scale of Hydrazine Hydrate using the new Hydrazine technology of 1ICT.

?Subject to confidentiality

Keywords: Hydrazine Hydrate; Pilot plant; Equipment Design; Heat exchanger design; Scale-up
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NOMENCLATURE

HH - Hydrazine Hydrate

MEK - Methyl Ethyl Ketone
CAS — Chemical Abstract Species
COC - Cleveland open cup
MOC - Material of Construction
Pc — Critical Pressure, MPa

Tc — Critical Temperature, °C
nzs — Refractive Index

p — Density

u,put— Viscosity

Cp— Specific Heat

K — Thermal Conductivity

ps— Density of ball used, kg/m’
pr — Density of fluid

t —Time

H — Height or Length

D — Diameter

m — Mass flow rate, kg/hr

N — Speed of agitator

Dy Diameter of impeller




N — Power number

Xf - Feed Composition

X4 — Distillate composition

Xw— Residue composition

A — Latent Heat of Vaporization

R — Minimum reflux ratio

R — Actual reflux ratio

FLv — Flooding velocity

pc — Density of gas

np — No. of Holes in pipe type distributor

dy — Diameter of the hole in distributor

h — Height of slot in riser of packing support, mm
a — Width of slot in riser of packing support, mm
d; — Diameter of riser of packing support, mm

n — Number of risers

Q — Volumetric Flow Rate

A — Cross Sectional Area

V - Velocity of liquid

Nge— Reynolds Number

f— Friction factor

Sp. Gr ~ Specific Gravity



1 INTRODUCTION:
1.1 System Considered:

The system considered for study, is a hydrazine hydrate production plant. The process is,
patented by Indian Institute of chemical technology based on peroxide-ketazine route, taken as
the system to design. The process description of PCUK et al. provides relevant and valuable
information required for the design.

Raw materials fed to the plant are ammonia and hydrogen peroxide (may contain Methyl Ethyl
Ketone as a catalyst and acetamide as a activator) in which ammonia is in excess. Various unit
operations and processes are required to be taken care of which is described in some detail
below. The major units in the process plant are the reactor, separator and the distillation section.

1.2 Objective of the Project:

Considering the importance of the present process, work is undertaken to design the hydrazine
pilot plant and scale up the reactor from bench scale to pilot scale based on laws of similitude.

The objectives of the present project are the followings.

v" To scale up hydrazine hydrate process from 200 gm bench scale to 12 kg/hr on pilot scale
continuously. This part involves design of major equipment, ancillary equipment.

¥" To design the allotment process equipments such as storage tanks, stirred vessels, packed

distillation tower.

To design heat exchange equipment such as Thermosyphon reboiler, Horizontal reboiler,

shell & tube heat exchanger.

To design piping system which includes line sizing, pump selection and sizing, orifice

sizing.

To scale up CSTR from bench scale to pilot scale using geometric similarity.




2. LITERATURE REVIEW:
2.1 Hydrazine:

v

It is an inorganic, colorless, highly polar, hygroscopic liquid with ammonia - like odor,

and a powerful reducing agent or electron donor'".

Hydrazine is produced commercially primarily as aqueous solutions, typically 35, 51.2,
54.4, and 64 wt% N;H, (54.7, 80, 85, and 100% hydrazine hydrate).
Anhydrous hydrazine is produced for rocket propellant and limited commercial

applications ?
pplications .

2.1.1 Timeline:

v
v

v

It was first prepared in 1887 by Curtius as the sulfate salt from diazoacetic ester.

Thiele (1893) suggested that the oxidation of ammonia with hypochlorite should yield
hydrazine.

In 1906 Raschig demonstrated this process, variations of which constitute the chief
commercial methods of manufacture in the 1990s.

The first large-scale use of hydrazine was as fuel for the rocket-powered German ME-
163 fighter plane during World War II.

In 2004, world capacity is 46, 2100 metric tons, reported as NoH, .

2.1.2 Applications:

v

AN

Hydrazine and its simple methyl and dimethyl derivatives have endothermic heats of
formation and high heats of combustion. Hence, these compounds are used as rocket
fuels.

Other derivatives are used as gas generators and explosives.

Hydrazine, a base slightly weaker than ammonia, forms a series of useful salts.

As a strong reducing agent, hydrazine is used for corrosion control in boilers and hot-

water heating systems also for metal plating, reduction of noble-metal catalysts, and

hydrogenation of unsaturated bonds in organic compounds.

Hydrazine is also an oxidizing agent under suitable conditions.

Hydrazine is the starting material for many derivatives, among them foaming agents for
plastics, antioxidants, polymers, polymer cross-linkers and chain-extenders, as well as
fuhgicides, herbicides, plant-growth regulators and pharmaceuticals.

Hydrazine is also a good ligand.




2.2 PROPERTIES:

2.2.1 Physical Properties®:
Table 2.1: Physical properties of hydrazine and Hydrazine Hydrate:

Hydrazine Hydrazine Hydrate
Formula N-H» NyH.H»0
Molecular Weight 32.0453 50.0607
CAS Registry Number 302-01-2 7083-57-8
Freezing Point, °C 2.0 -51.6
Boiling Point, C 113.5 119.4
Vapour pressure at 25°C, kPa® 1.92 12
Critical constants
Pc, MPa" 14.69
T, C 380
dc, g/MlI 0.231
Liquid density at 25°C, g/L 1.004 1.032
Surface tension, 250C,
66.45 74.3
mN/m(=dyne/cm) .
Liquid viscosity, 25°C, 0.913 |5
mPa.s(=cP)
Refractive index, ns 1.4683 1.4644
Heat of vaporisation, kJ/mol® 39.079 47.7
Heat of fusioﬁ, kJ/mol 12.66
Heat capacity, 25°C, J/(g.K) 3.0778
Heat of combustion, kJ/mol 6221
Heat of formation, kJ/mol 50.434 -242.71
Free energy of formation, kJ/mol 149.24
Entropy of formation, J/(mol.K) 121.21
Flash point, COCY 52 o7
“To convert kPa to mm Hg, multiply by 7.5 "To convert Mpa to atm, divide by 0.101
“To convert J to cal, divide by 4.184 %COC=Cleveland open cup




2.2.2 Chemical Properties:
Thermal Decomposition:
v Hydrazine is a high energy compound having a high positive heat of formation.
v However, elevated (>200°C) temperatures are needed before appreciable
decomposition occurs.
v The decomposition temperature is lowered significantly by many catalysts,
particularly copper, cobalt, molybdenum, ruthenium, iridium, and their oxides.
Reductions:
v' Hydrazine is a very strong reducing agent.
v In the presence of oxygen and peroxides, it yields primarily nitrogen and water with

more or less ammonia and hydrazoic acid.

Metal Reductions:

v" Essentially all the metals of the transition, lanthanide, and actinide series have been
reduced using hydrazine to either a lower valence state or to the metal.
v' The advantage of using hydrazine in these applications is that it is completely

consumed and leaves no residue.

v Such reductions can be used to make silver mirrors®; for electroless plating of nickel

B4 gold ©, cobalt, iron, chromium on metal or plastic *); and for the preparation of

noble-metal catalysts

Carbonyl Reductions:

v' The classical Wolff-Kishner reduction of ketones (qv) and aldehydes (qv) involves the

intermediate formation of a hydrazone, which is then decomposed at high temperatures

under basic conditions to give the methylene group, although sometimes alcohols may
form O '

Hydrogenations:

v’ Reduction of organic compounds with hydrazine and its derivatives is covered in

(39)

several reviews . These procedures have some advantages over conventional

pressure hydrogenations in being more selective in their attack, sometimes




stereospecific (cis addition), and in not requiring the use of hydrogen gas and high

pressure equipment.
Catalytic Hydrogenations:

v" Nitro compounds, primarily aromatics, are reduced using hydrazine in the presence of
standard hydrogenation catalysts such as Raney nickel or ruthenium on carbon. The

products are generally the corresponding amines.

Alkylhydrazines:

v" Mono- and higher substituted alkyl hydrazines can be made by alkylation of
hydrazine using alkyl halides.

Aromatic Hydrazines:

v A general synthesis for arylhydrazines is via diazotization of aromatic amines,

followed by reduction of the resulting diazonium salt

Hydrazones and Azines:

v" Depending on reaction conditions, hydrazines react with aldehydes and ketones to

give hydrazones''”, azines!'", and diaziridines'?, the latter formerly known as

isohydrazones.

Heterocyclics:

v' One of the most characteristic and useful properties of hydrazine and its derivatives is

the ability to form heterocyclic compounds. Numerous pharmaceuticals, pesticides,

explosives, and dyes are based on these rings ¥,




2.3 METHODS OF PRODUCTION
For most uses, hydrazine is produced as hydrazine hydrate in a formulation with water. The
hydrate may be produced commercially by three methods:

2.3.1 Raschig Process

2.3.2 Urea Based Process

2.3.3 Peroxide-Ketazine Process

2.3.1 Raschig Process:

It basically involves oxidation ammonia with hypochlorite. The reaction mechanism is as

follows 0.

Formation of chloramines at low temperature, rapid reaction:
NH3; +NaOCl — NH,Cl+NaOH ... (1)

Excess ammonia reacts with chloramines, slow reaction at 120° C to 150° C under

pressure:
NH,Cl + NH; + NaOH — WN2H2 +NaCl+H; ............. @)

Undesirable reaction of further oxidation hydrazine to chloramines, 18 times faster than

its formation:
N;H; +2NHCl — 2NH4Cl + N,

This can be avoided by presence of catalysts like metal ions, especially Cu (II).

2.3.1 Urea Based Process:

Nitration of amido compounds followed by hydrogenation and ammonolysis gives hydrazine @,

Amido compounds such as urea, acetamide, formamide, benzamide and |auramide are usually
employed for this reaction.

Nitro urea and water are obtained in this step:

NH4CONH, + HNO; — NH,CONHNO, +H,0 ... 4)




Hydrogenation with or without catalyst like nickel at temperature between 50 °C and 400 °C and

at a pressure 15 to 2000 pounds per square inch:

NH,CONHNO, + 3H2 — NHzCONHNHg +2H,0 ...l (5
Ammonolysis at 50 °C to 200 °C and pressure 700 to 1200 pounds per square inch:
NH,CONHNH; + NH; — N;H;+NH,CONH,  ........... (6)

2.3.1 Peroxide-Ketazine Process:

Ammonia is oxidized by hydrogen peroxide in the presence of a ketone (Methyl Ethyl

Ketone/Acetone) to form azine which on hydrolysis forms hydrazine:

A Molar ratio of H,0,:MEK:NH;=1:2:4 is taken, acetamide and disodium hydrogen phosphate

activates H,0,, reaction is carried out at atmospheric pressure and temperature between 0 °C and
50 °C:

H>0; + 2NH; + 2(C;Hs)(CH3)CO  —  (CHs),C=N-N=(CHj,), + 4H,0 ...... @

This aqueous MEK-azine is hydrolyzed under pressure (2 to 20 bar) at temperature between
150°C and 200 °C.

(C2H5)2C=N-N=(CH3)2 +H0 — NpHs+2(CoHs)(CH3)CO ... (8)




2.4 SELECTION OF PROCESS:

Production of Hydrazine is favoured via Hydrogen peroxide route due to the following reasons:

v

Raw material availability of hydrogen peroxide, since it is one of the product of the
client.

Less effluent generated; hence less effluent treatment cost.

Less raw material costs(Nikitha et. al., 2010)

Peroxide: Urea based: Raschig=1:2.2: 1.25

Less utility cost (Nikitha et. al., 2010)

Peroxide: Urea based: Raschig = 1:1.05:1.04

Minimum Total Capital Investment (Nikitha et. al., 2010)

Peroxide: Urea based: Raschig = 1: 1.387:1.48

Maximum rate of return (Nikitha et. al., 2010)

Peroxide: Urea based: Raschig = 59:23.6:14

Minimum Payback period (Nikitha et. al., 2010)

Peroxide: Urea based: Raschig (yr.) = 3.29:13.1:5.5

Minimum Break-Even Point (Nikitha et. al., 2010)

Peroxide: Urea based: Raschig (% Production) = 42:55:75

This above reasons justifies that the peroxide-ketazine process to produce Hydrazine
hydrate is not only profitable but also has lesser impact on environment when compared

with other methods of process.




2.5 SELECTED PROCESS DESCRIPTION:
2.5.1 Basic Flow Diagram(BFD):

The following figure shows the basic flow diagram of the process:

" Separation of Hydrolysis of

Acetamide to azine
recyle and!MEK recycle

Figure 2.1: Basic Flow Diagram

2.5.2° Process flow Diagram(PFD):

The following figure shows the process flow diagram of the process:

PEROXIDE-KETAZINE PROCESS
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» -é isep-zm
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Figure 2.2: Process flow diagram, with permission Jrom Nikitha et.al., 2010.




2.5.3 Reactions and Mechanism:

The ketazine reaction is studied by Ramakrishna M. et. al., 2008 which concluded that the
ketazine formation favours at 60 °C and required catalyst ratio is 2.5. The activation energy of

the reaction is 24.5 KJ/mol.
The overall reaction for the methyl ethlyl ketazine formation, as reported in Kirk and

Othmer(2004) is given as follows;

H H » GHs
HO, 2NH, + 2 * Cal —n % ToaNpmcl_ | taH0
H,C e H,C/ CH, (9)

.............

The reaction steps are given below;

One molecule of ammonia reacts with one molecule of MEK to form Schiff base:

HC, ~ HC, ~—
NH3+ ;C:o C=NH"'H0
~ ~ 2
H3c H3C
Anmyiia MER Semi(¥Base

Hydrogen Peroxide reacts with acetamide to form iminoperacetic acid:

H,C H ,c\
HO,+ ~ oo o C-O0H + H,0
H.N -~ HN¢’ 2
Hydrogen peroxide  Azetamide Tninoperacetic soid

Iminoperacetic acid then oxidizes the Schiff base to give the oxaziridine and regenerates
acetamide:

H,C; H H,C H,C
i~ &\ € A O
C=NH + COOH e <R ¢ =0
H,C rd HN = H,C/c NH +H,N/
Sthefl rase Inuapemens el Ovandine Acelateds

10



The oxaziridine oxidizes a second molecule of ammonia to form hydrazone:

H.C, ) HC, .
SC—NH +NH, ——— — » C =N-NH, + H,0
H,C ~ H,C
Oaaenidine Arumong Hy deazone
.............. (13)
Hydrazone with excess ketone forms azine:
H.C, .. H,C,._ H,C, - L CM,
: C =N-NH, + ~ e = . CuN-NaC~__ +4H,0
He -~ Tones -0 Hye - CH,
Hivdrune [3{A Methyi ethy | ketazne
.............. (14)

This MEK-azine forms an immiscible upper organic layer which can be easily removed by
decantation. The lower, acetamide and sodium phosphate is concentrated to remove water and

then recycled to the reactor after purging of water-soluble impurities.

11



2.6 PROCESS SYNTHESIS:

The final scope project is to produce 8000 tons per annum of Hydrazine Hydrate. This can be
achieved on continuous basis. Since the reaction kinetics is not well studied, it is necessary to
understand the behavior of the process at bench scale. The bench scale studies were carried out
for the production of Hydrazine hydrate at 200 gm batch. This resulted in employing reactive
distillation in the process, which necessitated the demonstration of the process at pilot scale on
continuous basis. The design basis for the pilot scale was selected to be 12 kg per hour

continuous.

The following are the advantages that can be achieved by employing reactive distillation in the

process:

Advantages over Reactor step:
v' Heat of reaction is utilized in distillation for boiling duty
v' Continuous removal of the product at process conditions increases equilibrium condition

and converts reversible reaction into irreversible.

v' It provides high conversion compared to conventional reaction step.

Advantages over Distillation step:
v" Reduction of capital cost as separate equipment for distillation is not required; also pump,
piping and instrumentation can eliminated.

v" Reduced reboiler duty; since heat of reaction can be utilized.

v As conversion will be higher, lesser number of stages for same values of reflux; lesser
size of distillation column; less amount of reflux also decreases sizes of condenser and
reboiler.

v

Operating cost is reduced; since recycling of the reactants can be reduced considerably.

12



3. DESIGN DATA ESTIMATION
3.1 Properties Estimation of the Components

Properties to be estimated are as follows:
v Density
v Viscosity
v' Specific Heat
v" Thermal Conductivity
Components involved in the process are as follows:
v" Hydrogen Peroxide (H20>)
v" Methyl Ethyl Ketone
v' Acetamide
v" Methyl Ethyl Ketazine
v' Water (H,0)
v' Hydrazine hydrate (N;H;.H,0)
v EDTA
v" Methanol
In this section, various properties have been evaluated experimentally, extracted from Aspen
Properties® and from literature cited. Some properties have been checked with group
contribution techniques. Temperature dependent properties have been evaluated for the whole
range of the component being used.

See APPENDIX 4: From figure 3.1 to figure 3.24

13



Methly Ethyl ketazine, being an intermediate, is not available in Aspen Properties as well as
Hydrazine hydrate. Therefore, Properties have been experimentally evaluated. Following

apparatus has been used to measure the properties:

v" For density determination, specific gravity bottle have used and the sample is collected
aﬁer from the range of room temperature to 180°C.

v Hopler’s apparatus has been used to find the viscosity in which the apparatus is
maintained at the desired temperature and a ball of known density and measuring
constant value “k” is allowed to pass through the fluid. The is noted and viscosity is

measured using the following correlation.
Ur = k(Pbau - pfluid).r- t
Where pr is the viscosity, kg/m.s at medium temperature T (OC)
k =1.1345E-03
Pvan = Density of ball used, kg/m*(for eg.13232 kg/m® for metal ball)
Priuia = Density of fluid at temperature maintained T ‘c)
t = time taken by ball to travel through the column of fluid, sec.

v’ Specific heat and thermal conductivity measurements have been outsourced from other

laboratory due to non-working condition of the Parr calorimeter.

14



3.7 Densities and Viscosities of Methyl Ethyl Ketazine and Hydrazine Hydrate:

—a— Hydrazine Hydrate
&~ MEK-Azine

1040 .

| e
. S —a 5

] ]
1020

1000 -
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960
940 -

920
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Temperature,’C

Fig.3.25 Densities of MEK-Azine and HH Vs Temperature
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1.6-. o
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124 S ‘ T
10- \-

o8- ~.

0.8 v T v T v T v I —
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3.26 Viscosities of MEK-Azine and HH Vs T, emperature
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Heat Capacity of MEK-Azine:
Heat capacity, C, = 2.3 J/g°C (0.077 Kcal / mol. K) At 150 °C

=2.17 J/g °C (0.0726 Kcal / mol. K) at 30 °C

16



4. PROCESS DESIGN ASPECTS:
4.1 Material of Construction Philosophy:

In choosing the proper materials of construction for hydrazine and others reactants involved, it is
necessary to consider both the effects of the material on the stability and quality of the hydrazine
as well as the effect of the hydrazine on the material of construction. Hydrazine is thermally
stable, storable for years without adverse effects either to the product or the storage container
provided the recommended materials are used, all systems are clean, and an inert gas, i.e.,
nitrogen, is maintained over the system at all times. Table 2 is a brief listing of materials
25)

compatibility !
Table 4.1: Material Compatibility for Hydrazine Hydrate:

Hydrazine Concentration, wt% NyHa
Material <10 35 54.4 64
Stainless Steel
304L S
347 S
316° S
Cold-rolled steel S NR NR NR
Copper NS NS NS NS
Brass NS NS NS NS
Aluminium NS NS NS NS
PTFE® S S S S
Polyethylene S S S
LPolyproperne S S S

g = genegally satisfactory;
Upto 65 °C; °PTFE = polytetrafluoroethylene

NR=not recommended; NS=not suitable (Decomposition)

17




As shown, materials generally considered satisfactory for all N2H4 concentrations, including
anhydrous, are 304 L and 347 stainless steels having <1.0 wt% molybdenum, a catalyst for the
decomposition of hydrazine. For concentrations <10%, cold-rolled steel is satisfactory. Among
the nonmetallic materials, poly(tetrafluoroethylene), polyethylene, and polypropylene are
suitable; PVC is not recommended. Ethylene—propylene—diene monomer (EPDM) rubber 29
and*polyketones and polyphenylene sulfides '2” are reportedly suitable for use with anhydrous
hydrazine. Many factors are involved in materials compatibility; a final choice may require some
testing. For example, low (<250 ppm) concentrations of CO2 in anhydrous hydrazine accelerate
the decomposition of hydrazine in stainless steel ('®), Extensive information and bibliographies

are available on suitable materials of construction in (7,130).
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5. EQUIPMENT DESIGN:
5.1 Storage Tanks:

5.1 Sizing of the Storage Tanks:

In all sections, total number of storage tanks is 54 including day tanks, intermediate tanks,
recycle tanks etc. These have been sized in accordance with 1S-4179. Volume of the tank has

been fixed in terms of liters and H:D is taken as 1.25.

5.1.1 ST -101:

Duty: Hydrogen peroxide Day Tank

Sizing:

| Total Hydrogen Peroxide required for a day = 135.45 kg = 104.2 lit
- Designing for 3 days = 312.6 lit

Table 5.1 Design of Storage Tank

Type Cylindrical with Dished ends
H/D ratio 1.25
Nominal Capacity, lit 630
Diameter, mm 800
Height, mm 1100
Aggregate Volume (Kr = 0.06D) 665
Free board, % 52.3
Cylindrical Shell
Volumetric Capacity/m. of Height, lit 502
Surface/m. of Height, m” 2.51
Torispherical Head
Volumetric Capaity/ m. of Height, lit 56.8
Surface, m? 0.78
Liquid height=
ACt.VOl.—Vol.Cap_('rori.Head) 05 1
Vol.Cap.(% »mM
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Design Condition:

Design Temperature, °C 25/35
Design Pressure, atm 1
NOZZLE SIZING:
' Inlet for Hy0; (N1):

Volume of MeOH = 312.6 lit
Charging time = 30 min
Flow rate = 10.4 Ipm
Pumped flow-Disharged Flow, Velocity — 4 fi/sec, Nozzle size — 25.44 mm (From Charts#)
Outlet for H,0; (N2):
Volume of H,O: Solution = 104 lit/day
Discharging time = 15 min
Flow rate = 6.94 |pm
Pumped Flow - Suction, Velocity — 2 fi/sec, Nozzle size — 25.44 mm
Other Nozzles:
Vent = 25.44 mm
Spare =25.44 mm
Hand Hole/Side glass = 200/100 mm

Level Gauge = 20 mm

20



5.2 Design and Sizing Stirred Vessels:
5.2.1 SV-101:

Duty: Dissolution Acetamide Batch tank

Sizing:
Table 5.2 Design of Stirred Vessel
Type Cylindrical with Dished ends
H/D ratio 1.25
Nominal Capacity, lit 630
Diameter, mm 800
Height, mm 1100
Aggregate Volume (Kr=0.1D) 665
Free board, % 28.3
] Cylindrical Shell
Volumetric Capacity/m. of Height, lit 502
Surface/m. of Height, m* 2.51
Torispherical Head
Volumetric Capacity/m. og height, lit 56.8
Surface, m* 0.78
Liquid height= ““t""";‘f’cﬁ(”éfe‘l’;"”ead’, 0.836
L Material of Construction MS
Baffle Design:

Table 5.2 Design of Stirred Vessel (Contd.)

Baffle Height, m 1.1 X 0.836 = 0.9196

Baffle width, mm 66

Design Condition:

Table 5.2 Design of Stirred Vessel (Contd.)

Design Temperature, °C | 65775
Design Pressure, atm T
Batch Time, min 0
Stirring Time, min 60
L Discharging, min 60
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Jacket Design:

Heat of Solution = 9791 kcal/kg

Cooling Time = 60 min

Cooling water requirement:

Q =mC, AT

9791 =mx1x5

m = 19585 kg/hr

Temperature of Methonolic Acetamide due to heat of solution
i @ =mCy, AT

9791 = 405.2 X 0.59 x (T — 30)

T =70.95°C

71-30) — (40 - 35
AT = ( )~ ( ) =17.11

In |71 30)/ (40 — 35)

For Stirred Tank, Jacketed Water-liquid, U = 25 — 60 Bt

Yhr. fr2oF

. Heat Transfer Area= —2__ — 9791 = 2
UAT;,  50x4.88x17.11 2.345m

Jacket height = 725 mm

Surface / m. of Ht. = 2.51 m2

Total heat transfer area provided =2.51 x0.727+0.78 = 2.59 m?

2.59-2.345
2.345

Excess area = = 10.44 %
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AGITATOR DESIGN:
Diameter of impeller (Di) = g x Tank Diameter = % x 800 = 270mm

Speed (N) = 100 rpm = 1.667 rps

pND? 938 x 1.667 x 0.272

Nre =— 0.01012

= 11,263

From power curves,

Power number (Nb) = 1.4,

For Stainless steel, six pitched blade turbine, 4 baffled

Power= NppN3D} _ 1.5x938x1.673x0.275

9c 1

=0.012 hp

Recommended — 0.5 hp

NOZZLE SIZING:

Inlet for Water (N1):
Volume of MeOH = 455 4 It
Charging time = 15 min
Flow rate = 30.56 Ipm

Gravity Flow, Velocity — 0.5 ft/sec, Nozzle size — 80 mm (From Charts*)

Inlet for Acetamide (N2):
Weight of Acetamide = 455.4 kg

Hopper Size = 80 mm
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Outlet for Acetamide Solution (N3):
Volume of Acetamide Solution = 455.4 lit
Discharging time = 15 min

Flow rate = 30.56 Ipm

Pumped Flow - Suction, Velocity — 2 ft/sec, Nozzle size — 40 mm
Vent =25 mm

Spare =25 mm

Cooling Water inlet = 40

Cooling Water outlet = 40

Hand Hole/Side glass = 200/100

Stirrer shaft inlet = 50 mm

Thermowell =25 mm
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5.3 Distillation Column Design (Packed Tower-T-304):
Feed Condition:

System: Methanol-Water

Mole Fraction: 87 wt% of Methanol

Flow Rate: 2170 kg/day

Temperature: 30"C

Product Requirement:

Top Product: Methanol, 99.9 wt%
Bottom Product: Water, 99 wt%
Assumptions:

v' Operating Pressure at 1.1 atm to account for pressure drop in the column.

v' Molal heat of vaporization is constant
v" No heat losses

v No heat if mixing
Calculation:
Feed Composition, x=0.79
Distillate composition, x4~0.997
Residue composition, x,~1-0.996=0.004
Feed temperature, T = 30°C = 303.15 K
Boiling point of Methanol = 65 °C
Boiling point of Water = 100° C
Average boiling point of the system = (0.79%65)+(0.31x100) = 82.35 °C (Assumption)
From T-xy diagram,
For X¢=0.79,
Bubble Point = 7 500

Average temperature = % = 50.25°C
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- T-xy for METHA-01/WATER
o T T T T
=S e e
by [T -y
2 \ .
"‘\\
(@)
03 < \\\\
3
E% \‘\ \\\
(]
0 .
53 - S
= \'-.__\ \.
\.--_
o I — \\

0 0.0501 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 065 0.7 0.75 0.8 0.85 0.9 0.95 1
Liquid/Vapor Molefrac METHA-01

5.1 T=xy Diagram for T-304

Cp at 50.25 °C, KJ/Kmol-K 2 at 70.5°C, KJ/Kmol-K
Methanol 84.31 34800

Water 75.359 40600

Average molar heat capacity of feed,

Cpreed = 0.79%84.31 + 0.31% 75.359 = 89.9662 KJ/Kmol-K
Average latent heat of vaporization,
Meca = 0.79%34800+ 0.3 1x 40600 = 40078 KJ/Kmol

Heat to vaporize 1 mol of feed
Molar latent heat of feed
A+ C,AT 40078 + 89.9662 x (50.5 — 30) B
T 40078 B

q‘:

q 1.12
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Short-Cut Method:
Calculation of minimum reflux ratio (Underwood Method):
RimXs + qxq [xd (@—1) + xRy + 1)]
Rn(1-x)+ (@- DA -2 R+ DA -2 + (@ - D+ (1 - xo)
a KBenzene 1.4089
ws KToluene 0 5918

= 3.83

0.5Rp, +1.1292 X 0.997 _ 2.83 0.997 x 0.1292 + 0.5(R,, + 1)
0.5Ry, +1.1292x 0.003 7 (R, + 1)(1 — 0.5) + (0.1292) x (1 — 0.003)

' By solving the above equation results, R, =4.1

Let actual reflux ratio be 1.4 times minimum reflux ration (1.2-1.5)
- Therefore, Actual reflux ratio, R = 1.4 x 1.2972 = 4.51

Minimum number of theoretical stages (Fenske Method):

a1 PR CE2] 1o [(§257) (B30
m log (a) log (3.83)

Ny, = 12.0547 = 13 Stages
Theoretical stages (Gilliland Method):

N-—Nmzl_exp[( 1+ 54.4X )(X—l)]

N+1 114+ 117.2X/\ x05
Where X = R-Rmin _ 181608-1.2972 = 0.1842

R+1 1.82608+1
Solving the above equation results, N =11.13526 = 12 Stages
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Rigorous Method:
McCabe Thiele Method:

This method has been coded in mapple®, it requires following parameters to generate the plot

Operating Parameters

Mole Fraction of Light Component in Feed

Mole Fraction of Light Component in Distillate 0.99
Mole Fraction of Light Component in Bottoms 0.05

Reflux Ratio as a Multiple of Minimum Reflux Ratio 115 |

Thermodynamic State of Feed (q-value)

Relative Volatility of Binary Feed B

[ Draw McCabe-Thicle Plct ]

Fig. 5.2 Input to Mapple Code for No. of Equilibrium Stages
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Design of Packed Bed for the system:

See Appendix 4

Sizing of Packed Tower:

Densities;"

pL=0.95 g/cc = 950 kg/m’*

PM 1+32

=PM_ 132 -3
Pe= 27 T 82.06¢(273+70) 1.14» 107 gfec

=1.14 kg/m’

5.982 , 114
= = =0.039
Fiy ¢! ,’ PL—PG 5.33 4/950-1.14

From Graph, Treybal, pg. no-195

G'ZCfﬂg'lj

=0.028
Pg(pP1—pPgl)ac

Taking y;, = 0.6¢cp
= 0.6 *x 10~2g/cm.sec
= 0.6 x 1073kg/m.sec
=1 ,g=1

Gas flow-rate:

_ [0.028 x1.14 x (950 — 1.14) x 1
- 48 % (0.6 X 10-3)01 x 1

=1.1518 kg/m’s
Mass Velocity
G=5.33 kmoles/hr

1000
=5, —— = 1.48moles/sec =148 X 32 g/ sec
3BxX e =1 / g/
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= 4749 = 474 x 1073k g/sec
sec

Area = 224107 _ 66419 m?
1.1518 )

Diameter = 0.229

Liquid Distributor:

Type: Pipe Type
It is recommended that one liquid stream must be provided for each 194 m? area.
Therefore,

Number of holes (distributions points) required in pipe type distributor,

L4
__ cross sectional area of tower _ (;)(0-229)(104)
- 194 194

o = 6.64 = 4

Let the velocity of liquid through the pipe =2 m/s

iquid =2 L _— 3
Flow rate of liquid = 538 = 3e0s = 0-0000566 m’/sec

= 0.01886m = 19 mm

jo.oooosss X 4
d=
21

Let the velocity of liquid through the holes = 3 m/s
Let dy, be the diameter of the hole, m

dp =0.00245 mm =3 mm

Liquid Redistributor:

Liquid redistributor are needed every 5 to 10 times tower diameter.
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Packing Support:

Packing support should be selected such that flow area provided by packing support for the flow

of gas should be greater than flow area provided by packing material.
Void percentage for 25 mm size SS Pall rings = 92 %

Hence with Pall rings, any gas-injection type packing support must be provided. Let the type of
packing support is cap type packing support.

Actual outer diameter of packing support is greater than 230 mm as some portion of packing

support is sandwitched between two flanges.
Let  h=Height of slot in riser, mm

a = Width of slot in riser, mm

d; = Diameter of riser, mm

n = Number of risers, mm

D; = Inside diameter of column, mm
Let  d, = 2> =3833mm
Number of risers, n = 9

Total area of slots of risers = nynha, where ‘a’ is the distance between two successive slots.

Let a=5
. Tdr __ mx40 _
ns = 2a ~ 2x5 1.25
Let ng=2

Hence, total area of slots of risers =2 x9x hx 5> 092 x ¥ (230)2
b 4 )

h > 42.4mm

Therefore, Height of slot in riser should be atleast 42.2 mm
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5.4 Crystallizer (Cr-301):

Duty: To crystallize distillate separated from organic layer for acetamide recyle (Recovery)

Total input of Water, MEK, Amide, and Ketazine = 17.986 kg

For 8 hours of operation, 143.872 kg/hr
Volume of the material = 171.27 lit

Including Vapour space (30 %) = 244.68 lit

Sizing:

Table 5.3 Sizing of Crystallizer

Type Cylindrical with Dished ends
H/D ratio 1.25
Nominal Capacity, lit 250
Diameter, mm 600
Height, mm 775
Jacket Diameter, mm 700
Jacket Height, mm 620
Aggregate Volume (Kr = 0.1D) 266
Free board, % 8.27
Cylindrical Shell
Volumetric Capacity/m. of Height, lit 218
Surface/m. of Height, m? 2.51
Torispherical Head
Volumetric Capacity/m. og height, lit 56.8
Surface, m” 0.78
s tohi— ACtVol.-Vol.Cap.(Tori.Head)
Liquid height= Volcap.(shell) , 0.558
Material of Construction SS-304L
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Agitator Design:

Diameter of impeller, mm (di/Dt =0.9) 540
Height of the impeller, mm (hi/Dt = 0.75) 450
Width of impeller, mm (bi/Dt = 0/1) 60
Speed (N), rpm 400

Tip speed, m/s ( £ DN) 11.298

Reynolds’ No. 3134856

Power no. (from power curves) 0.334
Power, hp 1.5
Power, hp (50% excess) 2.2

Jacket Design:

Heat of mixing=Q =m C, AT

Component Mass, kg C,, kcal/kg’C
Water 3.2 1.0053
MEK 6.288 0.5991

Acetamide 11.144 0.6189

Ketazine 123.24 0.0252
Total Heat 2072.385, kcal

50 % Excess = 3108.577 kcal
Operation is for 3 hours, 1036.1925 kcal/hr

Cooling medium: 40% Ethylene glycol at -5°C with 2 °C temperature approach.

Cp of brine at -5°C = 0.8129 keal/kg’C

m=_Q _ 1036195 6
CoAT ~ 2x 08129  037-343kg/hr




NOZZLE SIZING:

Inlet for Crystallizer (N1):
Volume of Content = 171.127 lit
Charging time = 10 min

Flow rate = 17.127 Ipm

50 % excess =25.7 Ipm

Flow rate =

B0 _ 4284 x 10~ msec

Pumped flow, Velocity 4 ft/sec = 1.2192 m/sec, Nozzle size — 25 mm (From Charts")

Also,

Area = 4284 X 107"/ = 3512 x 107 2

Diameter =21.4 mm (1 inch nozzle)
Outlet Nozzle (N2):
Filerate + Salt = 153.63 Ip in 10 minutes + 14.489 lit = 15.36 Ipm

50 % excess = 23.04

Gravity flow, Velocity 0.5 fi/sec = 0.1524 m/sec
Area=0.002519 m?
Diameter = 56.6 mm

Taking 80 mm nozzle (2% inch nozzle)




Jacket inlet Nozzle (N3):

Density of Brine = 1061.1 kg/m’

Volumetric flow rate = (637.343/1061.1) = 0.6006 m*hr = 10.01 Ipm
Pumped discharge. Velocity = 4 ft/sec = 1.219 m/s
Area=2.05x10" m?

Diameter = 16 mm

Vent =25 mm

Spare =25 mm

Brine inlet = 25 mm

Brine outlet =25 mm

Hand Hole/Side glass = 200/100 mm

Stirrer shaft inlet = 50 mm

Thermowell =25 mm

Baffle:

Type: Spiral type baffle

Baffle Pitch = 50 mm
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6. PROCESS DESIGN OF PIPING SYSTEM:

6.1 Line Sizing:
6.1.1 Liquid Line Sizing:
Procedure followed in sizing the liquid lines is as follows:

v’ A standard diameter of line is assumed (D)

v’ Calculation of Velocity:

Volumetric Flow Rate (Q) —
Cross Sectional Area (A) -
Velocity of liquid (V) -

V' Calculation of Reynolds Number:
Reynolds Number (NRe) —

V' Calculation of Friction Factor:
If Re<=2000

Moody Friction Factor —

If Re>2000

11098
(S;/D) ( 71 49)0.9991
2.8257 Re

Fanning friction factor (f) can be calculated from Chen’s formula as follows:

1 /p  5.0452
—=-4
JF o CEuw (3.7065 " Re 1°g1°(‘44))

Moody Friction Factor

v’ Pressure Drop Calculation:

Where Sp. Gr = Specific Gravity
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D = Diameter in cm

f=Moody friction factor

Q = Volumetric Flow Rate in m3/hr

AP = Pressure Drop in kg/cm2/km
V' Condition Check:

If Pressure drop (AP) and velocity (V) are not within the given conditions of maximum value,

then go to step 1, else stop

Line sizing has been done in two sections. Viz. Section-100 and Section-200These

calculations were done using the spreadsheet whose pictorial is found in Appendix 4.
Liquid Line Sizing example:

Line Number: 103

Duty: Hydrogen peroxide feed line

Material = 69.24 lit for 8 hrs

Mass flow rate = 8.655 lit/hr = 7.868 kg/hr

Properties required:

Density = 1.1 g/cc at average temperature range from 25°C to 60°C.
Viscosity = 1.243 at average temperature range from 25°C to 60°C.
Volumetric flow rate = 0.00649 m*/hr = 0.00649 x 1.05 =0.006815 m®/hr
Absolute roughness = 0.04572 mm (for Stainless Steel)

Maximum velocity = 1.2-2 m/s (Recommended)

Maximum Allowable Pressure Drop = 8.8 kg/cm?/km (Recommended)




6.

. A standard diameter of line is assumed (D)

D=0.02m

Calculation of Velocity:
Cross Sectional Area (A) = %DZ = 0.0000366 m?

Velocity of liquid (V) = £ = 0.05 m/s
Calculation of Reynolds Number:

Reynolds Number (NRe) = % = 345

Calculation of Friction Factor:
Re <2000

Moody Friction Factor = — = 0.186
Nre

Pressure Drop Calculation:
Q*f
D2(Sp.Gr)
Condition Check: Satisfied

AP = 6370 X

The obtained value of diameter is 0.4 inch, selecting the nearest standard

Selecting > inch Sch 40, 16 BWG Pipe
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6.1.2 Vapour Line Sizing:
Vapor Line sizing has also been done in a similar way
Liquid Line Sizing example:
Line Number: 109
Duty: Ammonia feed line to the scrubber
Mass flow rate = 11.31 kg/hr

Properties required:

Density = 0.66 kg/m’ at average temperature range from 25°C to 60°C.
Viscosity = 0.00098 Poise at average temperature range from 25°C to 60°C.
Volumetric flow rate = 17.47 m*/hr = 17.47 x 1.05 = 18.34 m*/hr

Absolute roughness = 0.04572 mm (for Stainless Steel)

Maximum velocity = 10 m/s (Recommended)

Maximum Allowable Pressure Drop = 8 kg/cm%km (Recommended)

I. A standard diameter of line is assumed (D)

D = 0.026 m; Nominal Diameter = 1 inch

2. Calculation of Velocity:

Cross Sectional Area (A) = % D? = 0.000557 m?2
Velocity of liquid (V) = % =9.14 m/s -

3. Calculation of Reynolds Number:

DVp

Reynolds Number (NRe) = "

= 16,405
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4. Calculation of Friction Factor:

Re > 2000

c; yivee 0.0301
7.14

2.8257 . Re =0.0012

Fanning friction factor (f) can be calculated from Chen’s formula as follows:

" f/p 50452
— = —4] ]
v =11.47
Moody Friction Factor = 4(0.00759) = 0.0303

5. Pressure Drop Calculation:

kg/cm*/km
6. Condition Check: Satisfied

The obtained value of diameter is 1.315 inch, selecting the nearest standard

Selecting 1Y inch Sch 40, 16 BWG Pipe
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6.2 Orifice Sizing:

Orifice meter are used in the process to due its advantages over other flow meter. Sizing here
means selection of type of orifice, determination of diameter of orifice, coefficient of discharge,

selection of pressure taps, finding a suitable DP transmitter.
Procedure followed in sizing the liquid orifice is as follows:

v Selection of type of orifice.

Square edged, sharp edged. For liquid, it is recommended to use square edged.

v Sizing of orifice:
Usual practice is half the diameter of pipe is taken as diameter of orifice.

v’ Pressure taps:
There are five standard pressure taps:
i.  Corner taps
ii.  Flange taps
iii.  Radius taps
iv.  Vena contracta taps

v.  Pipe taps

Radius taps are selected as it gives good pressure drop, higher the pressure drop more

accurate the measurement of flow.

v' Coefficient of Discharge:
For high turbulent flow, it is taken to be in between 0.595 to 0.62 for vena contacta, 0.595
to 0.8 for radius trap and 0.62 for corner taps. |
This can also be estimated from Stolz equation as follow:
C, = 0.5959 + 0.0312p%* — 0.184p® + 0.0029%5(105/NRe)*"®
4+ 0.91L,B*(1 — B! - 0.0337L,1 — B3

Diameter of orifice
Where B T Diameter of Pipe
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6.2.1 Liquid Orifice Sizing example:

Prepared oy: ioranim <han Orifice Tag No: 0-301
Checked by: ¥ Pradeep <umar: Navean {umar ico No: 17Ccac
Date: Client: GACL
Sreject: Hydrazine Hydrate

s i RESULTS

Name of the Shud Quany it
2 . Ve S Orifice Diameter 25|mm
Slov rate kg/hr Type Circular

Pipe 1D 3 mm Edges Square

scH OISR Radius Taps ves

Temperature, 7
Densityat T

Coefficient of Discharge| 0.639402

Viscosity at T

Pressure Drop 0.084635|m WC
Manemetric Ziud Manometer Rzading | 6.758536|mm -G
7l<e/cum DP Transmitter 169.269|mm Wi

Fig. 6.1 Liquid Orifice Sizing

6.2.1 Vapour Orifice Sizing example:

Prapared by: Ibrahim Khan Orifice Tag No: 0-102
C"‘_ecked oy: M Pradeep Xumar; Naveen Kumar Job No: 170000
Date; Cliant: GACL
2rojact: Hydrazine Hydrate

L RESULTS j

ma of the =iud NH3 Qi naty s
QOrifice Diameter 25[mm

Slewrate NmMA3fhr Typa Circular

Pipe 1D 5/mm Edges Square

SCH ] CornersTraps Yes

Pressurs atma Flow rate 151.877|kg/hr

|Temperature, T deg C Ceefficient of Discharge| 0.612833

|Viscosity at T (54 Prassure Drop, del P1 0.262CE4|m Wi

Specific Ratio for gas Pressure Drop, dal P2 | 0.232884|mm 16

Mal. Wt. of Gas D2 Transmitter 30834 mm we

AL LS

Fig. 6.2 Vapor Orifice Sizing
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6.3 Selection of Pump:

Type of pump based on the duty is selected for the process. Capacity has to be provided along with

material of construction.
' Example: P-101:
Type: Injection Pump

- Service: Charging H,0, from feed tank to the reactor

Volume of H202 = 312.4 lit

- Time of Charging = 30 min

» J Pump capacity = 10.4 Ipm

| ’ Design Capacity = 1.5 * 10.41 = 15.62 Ipm
Minimum: 10 Ipm

' Maximum: 20 Ipm

Temperature: Ambient

Pressure: Atmospheric
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/| 7. HEAT EXCHAGER DESIGN :

ff 7.1 Horizontal Condenser -Thermal Desion:
- L2 orizontal Condenser - I hermal Design:
J - Algorithm for Design is as follows:

i Design of Horizontal Condenser:
|; ‘
r |

" Heat Duty calculations:

Q= Qc + Qsup = A + mC,AT
i} i Where, Q. = mA =Heat duty for condensation
I |

Qsub = mCpAT = Heat duty for subcooling

A = Latent heat of vaporization of at condensation temperature

" Energy Balance:
: Q = mepw(Tout - 32)

- Fixing the outlet temperature of cooling water as 40°C

Mass flow rate of cooling water required

mi=

kg/s
| CowhT <8/

. Let overall heat transfer coefficients be
For condensation Uc =800 W/(m.OC)

For subcooling Ug,, = 200 W/(m.°C)
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Assuming that entire flow of cooling water is first utilized for subcooling and then for

l condensation.

| Qsub = myCpy (T — 32)

| Where T’ = Intermediate temperature of cooling water
. -

. LMTD for condensation and LMTD for subcooling is calculated.

Area based on assumed values of U:

For condensation:

{
|
a

Qe
A==
e UcATmC

. For subcooling:

QSub

A ==
Sub USubATmSub

© Total area A = A + Ag,p, = m?

| Based on the selected values of overall coefficients, area required for subcooling is less than area

' required for condensation. Hence to get the smaller size of heat exchanger horizontal position is

| selected. Ideally in such a case heat exchanger should be designed for both positions and the

position which provides lesser heat transfer area should be selected.

Area provided for the first calculation

A = Nyd,L

72 0OD(19.05 mm OD), 6 fi(1.83) long tubes is choosen

Number of tubes, Ny =

= tubes
ndgl

Shell side fluid is clean fluid, Triangular pitch arrangement is selecteq.
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Pr=1.25, d, =23.8125 mm
Number of tube side passes = 2

Tube bundle diameter:
1 1
Dy = dg (]'j—lt)"‘ — 19.05 (:j—:)"‘ = mm
Select a fixed tube sheet heat exchanger.
- Let clearance between shell ID and Dy = 13 mm
Shell inside diameter = mm
* Heat Transfer Coefficients:

Tube side coefficients:

Using Dittus-Bolter equation

hd 0.14
=% = 0.023Re0%pr033 (£ )
k Hw
CaMeo w111 =
A= L X—d?é=—x— . 8)% = m?
N, 4dl 1 x4x(002209 ) =m

(From Table 11 5. Ref. 2 for BWG tube d; = 15.749 mm)
Tube sige mass velocity
m

Gt=—-
ag

Tube side velocity,

G,
U=—> 1m/s
p
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To avoid the excessive fouling it is recommended to keep the velocity of water greater than 1

m/sec. If found less then increase the number of tube passes from 2 to 4.

1

Nz
Dy = 19.05 (—‘)"

k,
Re:%
u
Con
Pr=-P"
=%

0.14
| Neglecting (;—”;)
| Thus tube side co-efficient can be evaluated.
Shell Side coefficient:
(a) For condensation zone, h.,:
Calculation for mean temperature of condensate film:
Let T,, = Tube wall temperature, °C
~ heo = 1500 W/(m2.°C) (Assumed for first trial)
At Steady state.
Heat transfer rate through condensate film = overall rate of heat transfer
heoAc(Te = Tw) = UcAc(Te — Tay)
Where, Tc = Condensation temperature of the vapour on shell side, °c

T, = Average tube side fluid temperature of condensation zone, °C
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' Shell side condensation with horizontal position:

r

1/
heo = 095k, (PL(PL Pv)g) -N—1/6
ULTh

. _PM _ PM Tstd
Density of vapour py = RT T % PstaVsta

T"WC
"IN

Average number of tubes in vertical rows

2/D
=273 =3 () =
t

hco is close enough to assume value of ho. Hence, correction in the value of Tw is not required.

(b) For subcooling zone, Rysyp:

With horizontal position, subcooling is taking place via natural convection only for which
reliable correlations are not available. Based on Kern’s recommendation, hg,y, for horizontal

position is 283.77 W/(m.’C)

Overall Heat Transfer Coefficient for Condensation:

B 1
oC = d
d.In{=2
L1 (@) a1y, 41
hoC+hod+ 2k + i(hi)+ i hig

For organic vapors, heg = 10 000 W/(m”.°C)

For cooling water, hig = 10 000 W/(m>.°C)

With cooling water, stainless steel-304, is suitable material for the tube.

R 0
Thermal conductivity of SS 304 material, ky = 16.3 W/(m."C)
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Heat transfer area required for condensation

Qc

A =—r—
¢ UoCATmC

Overall Heat Transfer Coefficient for Subcooling:

1

Uosub =

+ +
hoSub l'lod 2kW

Heat transfer area required for subcooling:

Aer = Qs
Sub'r UsubATmSUb
I )
Otal heat transfer area required
A=A, + A supr

z)
1 1 do ln(di _|_d
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Spreadsheets have been developed to design horizontal condenser which is shown as below:

Pregared by iz-att m Khan Condznser “2g Mo: E-202
Cheched by " I-aaszp surer, Naveen Kumar Jek Mo L7CCCe
!33-"— < oen: GACL
L : e eLt Ayvd-azine Aydrate
FeocessFud Metonc Coo'ing Med:urm
Figorrate oD 29.05|mm
Figw rate L.54B5IRI5E Nz s Length Ilm
gicum e 4.1868|kJikg 2 15.728|mm
51 kg/m.s Density §992.9|%g/tum bt £319
X Wilm.dezd) ViSCesy 0.00072|kz/ms nt 2122 Fromtabis
Laten: Hea klixg K 0.6228|w/{m degCi pe Fixed tube sheet
Ttondenzatcn 5]dez € Latzn: Heat o Vep 2224d]k)/Kg Shell Clearance 23|mm
Tsubcoo ng dez C TLonet 32|deg C
Liquid Prop at degC =2 outer <pldsg
A ez ms T nwarrmeciate | 3Z5421:156i|degcC
Rgtcuan S.cond BE3{mm-g
W dezdi A, §6-30< 16.3|Wam degl)

—

7.1 Inputs for Spreadsheet for Design of Horizontal Condenser
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RESULTS 4|

ST s b
[y S SR

) .
S E LT

Q,condensation

48.30235556 |kW

Q,subcooling

3.511111111 kW

Q,total

51.81346667|kW

Condensation

Area,condensation

2.113564888|sq. m

Sub Ccoling

Area,subcooling

1.00526225|sg. m

Total

Area,iotal

3.118827138|sq. m

Tube side co-effi, hi

1730.284308|W/{sq.m-deg C}

Shell Side

n,co 2062.892002|W/{sq.m-deg C}
no,sub 283.77|W/{sgq.m-deg C}
Overall Coefficient

Uo,condn 685.4458865|W/{sq.m-deg C}
Jo,sub 911.1149949|W/(sq.m-deg C}

o of Tubes

53

aresure Drop, shell

197.7366031[Pa

sresure Drap, Tube

434.5677796|Pa

7.2 Result from Spreadsheet for Design of Horizontal Condenser
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; 7.2Design of Vertical Thermosyphon Reboiler (Rb-401):

Determination of boiling point of MeOH:

B

IH(P =4 -
) (T +273.15)-C

For A =8.07, B = 1574.99, C = 238.87, Pt = Pv = 1.78 atm = 1400 mmHg

T=280.02°C

: Hea\tDlm’_

t
Q=12 x 1.1 (10 % Heat loss)

Where, 2 = Latent heat of vaporization at the boiling point

Latent heat of vaporization of at 80.02°C = 34040 KJ/Kmol
Heat duty,
Q=3.1x34040 = 29.31 kW

10% excess, Q = 36.94 kW
Let AT,, = 39.6°C. Assuming that this value of ATy, is less than and close to the critical

®mperatyre drop.

AVerage temperature of heating medium

Th =80 +39.6 = 119.6°C

From steam tables, for the steam temperature, ts = 120°C, saturation steam pressure = 510 kPa

and latent heat of condensation of steam Ag = 1548.67K]/Kg

Q =ms/15

g = 3694 _ 0238 kg/hr = 85.88 kg/hr

154867 —
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i
i
|

. Trial I:

Assuming overall heat coefficient, U;=1000 W/(m>.°C)

__Q  335x1000
~ U,AT,, ~ 1000 x 39.6

= 0.9334 m?

A= Nt”doL
Let length of the tube L = I m; d,= 25.4 mm

- Number of tubes = 12 tubes

shell and tube exchanger.

Shell ID, D; = 203 mm (From TEMA Sheet No.)
Recirculation ratio:

Assuminé recirculation ratio = 4

Available differential head,

| AP‘"’ = L(pL - pavg)g
PL= Density of liquid at B.P. = kg/m?
Density of pentane vapour at bar and at 125°C

pM 2 X275 273

— = = 1.8729 kg/m3
RT (273 +80) X 101325 x 22.414 9/

pu:

Average density of liquid-vapour mixture

Payy = In (V,/V;)
Vo =)

Vi< Specific volume of liquid at inlet= % = 0.001229 m3/kg

For 25.4 mm OD tube, 31.75 mm tube pitch (Pt/do=1.25) triangular pitch arrangement and 1-1
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For a recirculation ratio = 4

Flow rate of liquid at the outlet of reboiler

My, = 4 x 45.395 = kg/h

Flow rate of vapour at the outlet of reboiler 11,,, = 181.58 kg/h

Specific volume of vapour at outlet

" .
| vofp +0/p, 18158  45.395

Tpe + Mo 181.58 + 45.935

In (Vy/V;)
Pavg = —2"—= = 141.9932 kg/m*
Vo= V2) e/
8Py = L(p, — pevg)g = 1(813.82 — 141.99)9.81Pa = 6590 Pa

Assuming tha higher sizes of the piping will be used in between base of distillation columns and

thermosyphon reboiler.
P
Tessure loss in the system = Tube side pressure drop, AP

Tuhe .-
Ube side pressure drop,

L -m u?
o (2) (425
A w

= 1.% =1, poy = 260.14 kg/m?

Tuhe 1 .
ube Inside diameter

4=22.098 mm (16 BWG tuibe)
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| Tube inside flow area

, 111 =
d? = = x — x (0.022098)? = 0.004534m>

g =
1 4

e W
N, 4
Tube side mass velocity

_m my,+m
Gi=—=—Y2_ L0_ 146.04kg/(m?2.s)

Tube side velocity,

G
u=—- = 1.14m/s
Pav

ke o 4G _ 0.022098 x 162.04

P 0.00032 = 11,637

(Itis a thumb rule to use liquid viscosity, instead of liquid-vapour mixture)
Fl‘om ﬁg.

‘,f=5>(10*3

Pe=n, (g, H)(E) "4 2.5)9«:_;22 = 678 Pa

Hw
Apa > APt
\
Tria] . e Condition
Recirculation ratio AP, Pa AP, Pa satisfied
! 4 6590 678 . No
2 8 5892 1813 No
3 2 4458 2397 No
4 16 3487 3592 Yes




—=— Available Diff Head
-9 - Tube side pressure drop

7000
6500 - =
6000 - \

5500
5000
4500

4000 -
Lo
82

3500 -
3000 A

Pressure drop, Pa

2500 - o
2000 e
1500 -
1000 -
500 -

Recirculation ratio

7 3 Presurre drop Vs Recirculation ratio

Heat transfer coefficients:

(a) Tube side heat transfer coefficient
Re =33265

C
Pr = Z‘“L = 5.44

L

(Using liquid properties)

Properties of liquid mixture at 120°C:
Specific heat, ¢, = 3.4 k)/(kg.°C)
Viscosity, 1, = 0.32 cP

T
hermaj conductivity, k;, = 0.2 W/(m.°C)




- The convective boiling co-efficient is calculated using Chen’s method.

~ As the heat flux is known (37900 W/m*°C), only a rough estimate of the nucleate boiling is

required.
Using Mostinski equation to estimate the nucleate boiling coefficient:

Ctitical Pressure = 8.056 bar

ro=oaosoopoco s +o() +10(7) ]

" by = 1528.09 W/m>°C

~ Vapour Quality, x = 0.06

k=0.0084 mN

9 0.5 0.5
1 (208 0 (786.1) . (0.0084) _ o06347
Xe  \1-0.06 8.1 0.12

For Nre = 3365, J,; = 0.0033

Ny = Jy.Nre. Pr933 =191.8

Chis gy, (%) = 1738 W/m>.°C

i

Convective boiling enhancement factor, fc = 2.9 (From ref-29, Fig. 12.56)

* ReLfe!25 2 125848

Nucleate boiling suppression factor, fs = 0.21

Yoo = fohy 4 fih,, = 3970.7 Win?C

This value has been calculated at outlet condition.

Assumi“g coefficient changes linerly for the inlet and outlet, then
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(Inlet Coef fiecient of liquid (atll liquid)+outlet coef f icient(two phase)
2

Average coefficient =

Nre at inlet = 51560

Jh=0.0032

Nu =270.47

Hi=2447.91 W/m>.°C

Mean co-efficient = 3208.95 W/m®.°C

Shell side heat transfer coefficient hy = 6000 W/(m>.°C)

(This value includes fouling resistance)

1 dozn(%f;)+d 1o 1

—

(2]
o hy 2k, di " hi di Mua

Thermal conductivity of tube material ky =45 W/(m?.°C) (Mild steel tubes)

0254
1 1 00254xin (0%22098) 0.0254 1 00254 _ 1
U, = ' * X * %5000
U, ~ 6000 2 X 45 0.022098 ~ 320895 0.022098
Uy = 1259.1 W/(m2.°C)
Heat transfer area required
Ay = Q 36961000 ., .
U,AT,, 1002.2 x 39.6
Apro _09335 _ .
Areg 074

2
Heat transfer area required Areq = 0.74m

Heat trangfer area provided = NdoL = 0.9335 m’
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% Excess heat transfer area= ( o 1) X100 = (

req

Shell side pressure drop Aps:

2
wosxa () ()%
e S

Shell side Friction factor, J s

0.0335

—1)x100—2614%

To find this factor, first shell side flow area must be determined.

- do)Ds Bs

” A= R
P

|
| LetB, = Baffle spacing = D, = Shell inside diameter
B=D, = 0.438 m, d, = 25.4 mm, P, =31.75 mm

_(31.75 - 25.4) x 0.2032
A, < 8175~ 254) = 0.00825 m?
31.75

ms _ 00238 _ 9 g9 kg/(m’.s)

Shell s i
ell side mass velocity Gs = &~ = g00825
.o

1 =L _=215kg/m’

Denc:
nsity of
st = =
eam py specific volume 0.46511

F
'om Steam tables specific volume of saturated steam at 51

Gs _2.88

0 kPa pressure, Vs = 0.46511 m’/kg

.‘ Ug = = -2—]-3— = 1.339 m/S

Pv

-
qUIvalent diameter,

11 11
d, = - (PZ - 0. 907d32) = 00254 (0. 031752 -
(]

ell «;
Side Reynolds number:

0.907 x 0.0254%) = 0.0183m
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deGs
Jli

Reszh

Steam viscosity at 120°and 510 kPa, p,, = 18.5 X 1076(N.s)/m?

Ref: Table 3.302. Perry Handbook

Q.

G
Reg = 2275 _ 13475
u

Jr =478 x 102 (For 25% baffle cut)

| D\ 7/ L\ pu?
| M, =05x8xJ, (d—s) (B—) pzs —37.73Pa
e )

| 45 < < 13.8kPa

Itis well within permissible limit.
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The mean residence time tis the average amount of time that a mat

8. SCALE UP OF HYDRAZINE HYDRATE PROCESS

Plant sj S . . .
ant sizes are usually characterized by their production capacity or throughput. Define the

throughput scaleup factor as

s _ mass flow through full — scale unit (pQ)full scale
throughput — - = » cee sees (81)
mass flow through pilot (pQ)pilot scale

Assume that the pilot-scale and full-scale vessels operate with the same inlet density.

Then p cancels in Equation 1.55 and

s _ (@)full scale 62
throughput — (Q)pilot scale ™™ (8.2)
There is also an inventory scaleup factor defined as
mass inventory in full — scale unit _ ( pV)full scale 83)

Sinventory = - ——— — = ——
mass invertory in pilot — scale unit ( pV)pilot scale

For successful scaleup we expect the volume-average density “p to be the same in the large and

Small reactors. Thus. normally
Vfull scale
= JE T ... (84)

Sinventory = Svotume = V. ot scal
pilot scale

The product from the scaledup reactor should be the same as the product from the pilot reactor.

T . ) . ] .-
he extent of reaction should be the same in the two reactors and thus the mean residence time ¢

S
hould held constant upon scaleup.
erial spends in a reactor. The

C . . . -
Oncept of mean residence time is most useful for flow systems. In a steady-state flow system,

'S equal to the mass inventory of fluid in the system divided by the mass flow rate through the
SYStem:

mass inventory ,—_E-\—I .+ (8.5)
mass throughput  pQ

t=

Acons:. , , _
ccord‘"g to the Equation 5, inventory and throughput are increased by the same factor when £

herwise, it is understood that inventory, volume, and

is ..
hheld constant. Unless explicitly stated ot
thrg

Ughput all increase proportionately:

Sth
Toughpyt = Sinventory = SvOlUME =S -ovveovener (6)




Use of S wi o
S without subscripts indicates that Equation 6 is satisfied. This is true for the great

majority of r: i
jority of reactor scaleups for both liquids and gases..

It is common practice to use geometric similarity in the scaleup of stirred tanks (but not tubular
reactors). Geometric similarity means that the production-scale reactor will have the same shape
a.s tl?e pilot-scale reactor. All linear dimensions such as reactor diameter, impeller diameter, and
liquid height will change by the same factor, S1/3. Surface areas will scale as S2/3.

The full correlation shows tmi>.< to be a complex function of the Reynolds number, the Froude

nu ot : :
mber, the ratio of tank to impeller diameter, and the ratio of tank diameter to liquid level.

Ho C to A re: fati ;
wever, to a reasonable first approximation for geometrically similar vessels operating at high

Reynolds numbers,

(I tmix)large = const = (NI imix)small ............ 8.7)

where N/ is the rotational velocity of the impeller. This means that scaleup with constant

agi : o . .
8itator speed will, to a reasonable approximation, give constant fmix.

Tl : . . oy .
e tub is that the power requirements for the agitator will increase sharply in the larger vessel.

0 a reasonable {irst approximation for geometrically similar vessels operating at high Reynolds

). =)=
—3n5 =|—"73n15 Rl o JRRIURERLY .
pN;'D; large pN;D; pilot

D; is the impeller diameter, and P

s held constant, the impeller power will increase as

Mumbers,

where P, is the impeller power, o is a dimensionless

8roup known as the power number. 1f Ni
$1/3 using geometric similarity. A factor of 10 i
or of 1000 increase in throughput.
r! The horsepower per unit

aleups are done

D3 . \
i and as S5/3since DI scales as ncrease in the

li .
inear dimensions gives S = 1000 and allows a fact

Un
fol‘tunately, it requires a factor of 100,000 increase in agitator powe

Vol . . . .
Ume must increase by a factor of 100 to maintain a constant /mix. Most sc

e, which causes N to decrease and mix to

Wit .
h approximately constant power per unit volum

inc,
Case upon scaleup.
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8.2 Effect on RTD:

The pi Cea QTR - . . -
e pilot reactor is a CSTR. The large reactor will be geometrically similar to the small one, and
p exploits the fact

the scaleup will be done at constant power per unit volume. This form of scaleu
tl . . . )
hat small vessels typically use impeller speeds that are faster than necessary to achieve a close

approach to the exponential distribution. Scaleup will eventually cause problems because the

ratj ; . . . . .
tio of circulation to throughput scales with the impeller speed, and this will decrease when

scalj . . . . .
aling at constant power per unit volume. Correlations exist for the pumping capacity of

Common impellers. so that the ratio of circulation to throughput can be calculated. If it is

1, the RTD will remain close to exponential. Better, the
e in the large

Maintained at a reasonable value, say 8
impeller speed can be decreased in the small unit to anticipate what will be feasibl

unit. Decrease it by a factor of S279, where S is the intended scaleup factor for throughput as

shown in the following table. Scaling with constant power per unit volume will maintain the

same Kolmogorov eddy size, sO that micromixing should not become a problem.




8.3 Scale up calculations for CSTR*:

Plant s
s . . .
izes are usually characterized by their production capacity or throughput. Defi

ne the throughput

Scaleup fuctor as
throughput = Mass flow through pilot scale unit = (100 /7.47) = 13.38
Mass flow through bench scale unit
Scaling factor .
General Numerical At pilot scale Calculated
. for constant . At bench .
scaling . scaling factor from scale up for pilot
power per unit scale
factor (S=13.38) factor plant
volume
Vese 800
. 13 173 mm
diameter S S 2.37 300 mm 711mm
Impeller ,
di s"? s'? 2.37 150 mm 355.5mm 266 mm
lameter
Vessel
25 lit 334.5 lit 630 lit
Volume S S 13.38
\\
Thro'-'gh put | S S 13.38 1.723 kg/hr 100 kg/hr 100 kg/hr
Resig
e
. e 1 1 1 8 hrs 8 hrs 8 hrs
tlme
Re __‘_________’______J_______________________________,___________
Ynolds
13 49 187 371120 246335
Number S S S 3.1669 11718
Agi T
ator 29 337.14 rpm 400 rpm
Speed S S 0.5619 600 rpm d4rp
Po | —3.022hp |
wer $°.S S 13.38 0.381 hp 5.09 hp 3.022 hp
R
o 177
Volume 5} $? 1 1 0.01524 0.01524 0.0
I A L



The similarities followed in the scale-up to 3-reactor system:

) Geometric Similarity:
Straight height of the tank / Tank diameter

Liquid Level Height / Tank Diameter
Type of impeller
Impeller Diameter / Tank Diameter

Baffles

i) Mixing Similarity:
i Tip Speed
' Power required per unit volume of Reaction mixture

Volumetric flowrate per velocity head

1) Kinetic Similarity:

Reaction time
Reaction temperature
Reaction pressure

Reactants flow rate

iv) Ammonia Sparger Similarity:

Sparger ring diameter

Orifice diameter

Orifice Reynolds number
") Thermal Similarity:

Heat transfer rate



i) Geometrical similarities:

The respective values for the above similarities for the three different scales are given below:

Semi batch i
1 bate Continuous Reactor Pilot plant
Reactor 3-Reactor system
Impeller Dia / Tank
dia 0.621 0.500 0.333
(Di /DT)
Liquid depth / Tank
dia 1.580 0.493 0.570
(HL / DT)
Overflow height / - 0691 0.788
Tank dia
Type of Impeller Propeller Flat blade Flat blade
i) Mixing similarities:
i Pilot plant 3-React
Sem batch Continuous Reactor otplan eactor
Reactor system
Tip Speed (ft/m) 630 927 1100
(MMDaN)
RPM 1200 600 400
Reynolds Number 2.7 x 103 1.17 x 105 2.46 x 105
(Da?Np /1)
Power (hp)
3 Das
. (PNpN2Da?) 0.0212 0582 3.022
(PN = 6.1 for NRe >
109
- G




iii) Sparger similarities:

68

Semi batch . Pilot plant 3-Reactor
Continuous Reactor

Reactor system

Orifice diameter 0.5 mm 0.5 mm 1.0 mm
Number of 3 6 46 ( 1st reactor)

orifices 23 (2nd & 37)
Orifice NRe 7,682 15,364 2.35 x 105
—




|
l
|
| 2. CONCLUSIONS:

T ; .
he following conclusions can be drawn from this present work:
Experi rm
periments were done to measure the transport properties of the intermediate compounds.
T : . i
he following equipments have been designed based on IS-4179:

Storage Tanks — 54

Stirred vessels — 13

Packed towers— 5
Thermosyphon Reboiler — 5
Horizontal condenser — 5
Crystallizers — 6

Line sizing, Orifice sizing of Section-100 and Section-200

Pump selection of the all four section

Design were done on hand calculation and transformed into spreadsheet.

Specification sheets have been submitted to the concerned department for tendering.

SN N N N N N U N N NN

Scale up of reactor was done based on geometric similitude.

1
L. RECOMMENDATIONS:

viz first step oxidation of ammonia with hydrogen

H . .
Ydrazine hydrate process has two reactions,
st. It has been

Pergy; . .
®roxide as Methyl Ethyl Ketone catalyst and Acetamide being co-cataly
alternative catalyst can be sought in

Xhar:
Perimentally observed that acetamide recovery is 74%,
reaction

Orde s :
F to overcome this problem. Use of formamide is recommended as it reduces the

time
t 6 hours from 8 hours also it consumption is just 1 mole whereas acetamide is used at

ratj ,
00f2.5 to peroxide.

i.e. hydrolysis of methyl ethyl ketazine which is an autocatalytic

In
th ,

© second step reaction,
-exchange resin as

l‘eac .
. tion, the reaction can be enhanced by using DK10 weak acid type ion
talyst




|
|
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APPENDIX 2: Spreadsheets

1. Line Sizing:

C2umn Tag Ho
b e

ent

———y

LIQUID LINE SIZING INPUT DATA

Unit System 1o be Used l

Gnetio | | PipeScheduie [ ]
————‘_—_—T—_—
P

1essure

METRIC

IPipe tAaterial

Temperaluie
rass Flcw Rate

Density

Over Des gn Margin
Viscosity

Thax, elnity

Allgwable Pressure Drop {per

RESULTS

Line Ho
Pipe - O.D/1.D/Wall Thicknes|

PARAMETERS
Pressure
Temperature

Flow Rate [
riominal Diamezer D
Velocity v
Pressure Drop AP

nandatory Inputs

B

ipelingl
e

km of p

2. Packed Tower Sizing:

Frepered byv! brahim Ehan o umn Tag Nc. T-602
Chesked by M Fradese Kumar, I4 [aveen seb He. 5 170

Cent =2l

Froject 1 HydraZing fy

Gas \Va

pour Properties

urt

un

_‘3- e

o an

Liguiil Properties
Liqu ¢ * ow rate. L

Liqu
Lgu

Pack ng 3L

Lig.-vER. ©

Jrlsirﬂ:
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v'2 pressuredrop of 22mm B0 /mopack ng

¥, =
Y.. at ficesing =

o3 gumncisars VF VL

o
w
o

L=

ralcolumndis., = ."1 D=isipixTral A

Pound 6D T
i}

“herefors
18r8°Cre,

foumnifSarea, i= c.cors|m® £

Tyox Pipe Type

Mo. of Distrigutian Qo 0.204345361

Round off 1o standard R e s v 1QUID
Lg-Velogity thraugh 2ip2 2

1.06936E-C6
0.0CC325258  |™

mm

Standars size

Tyoe - Ga i

Allowance for Flange :
OD of Packing Suppert 115
Diameter of the riser 0.016666667|M

16.66666667|mM

No. of Rigars

Distance o/ 100 51015
No. of Slots
Rounded off

% Void Space tor packing
Height of ine Siot in nser>=

Rounded off
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Selection of packing (T-304):

Type 1 inch pall ring
Packing factor, Fp (m™) 170
Surface area, a (m?/md) 194

Pressure drop, mm H20/ m of packing

50 (40 — 80 for distillation)

RECTIFYING SECTION STRIPPING SECTION
Fuv 0.0394 0.0853
Ka4 1.75 1.8
Ka Fiooding 5 3.9
%flooding
- K4 59.16 67.94
Ka f100ding
Viscosity of liquid* I
- -3 _
from Souder equation log(log(10w)) = Tiae 10729
Methanol, mN/m? 0.308 0.277
Water, mN/m? 0.3028 0.2755
Mixture, mN/m? 0.308 0.2755
. 172
K
Gas flow-rate Vi 40y (,01” p(: 2
B
13.15, (5
Gas flow-rate, Vi,
kg/misec 0.003 0.00317
V, kg/sec 0.0474 0.0474
Column area, m? 0.06334 0.0668
Diameter, m 0.2838 0.2918
2005 , ., 2 02
G _ 1 pep|-145 (ﬁ)“s (Ew_)‘“ Lie\ " (L
Onda’s Method - P+ \q aw 09 poa
pr\3 Loy \? (o P -20
k (——) - 0.0051 ) (L) (ad
“\ug ayp) \Diby (adp)
ke RT _ AN ( Uy )1/3 ~2.0
| ~ a D, ks (au,,) D,p, (ady)
oc ss, N/m 61x10° 61x10°
gc, N/m 12.387x10° 12.207x103
— L:w kg!m{sec 1.866 4.025
a, m2/m? 194 194
@myma 176.434 191.14
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Estimation of
Diffusivity for vapour
and liquid
Fuller eq. _ 1 1,\?
. 1.013 x 10-17TL75 (MZ+W)
. P[F v)a(,v)bl
Wilke and Chang eq. 1173 X 10~ 13T (pM)%
L= 106
D,,, m?/sec 4.446x105 4.707x105
¢ 1 1
Uy, Ns/m? 0.308x103 0.2755x103
Vm, m3/Kmol 0.096 0.118
D,, m?/sec 4.966x10°* 5.501x10°
Uy, Ns/m? 0.1003x103 -0.1003x103
Mass transfer coefficients
| Liquid film, k,, m/sec 9.928x10+ 3.8659x10*
Gas film, kg, m/sec 3.163x10° 8.408x10*
Film Transfer Unit H.= Gm H, = Lm
Heights ¢ KeawP LT KawG
G, Kmol/m2.sec 0.0363 0.033
L., Kmol/m?2.sec 0.024 0.044
C; , kmol/m? 10.34 8.603
Hg, m 5.8364 33.243
L H,, m 0.134 0.069
I _




3. Horizontal Condenser:

*recated » .
o EEL crah ooy . —
hezred b, Cenoense” Tag Ne

M Pradaal sz, Navesn NuimE”

Meshanc Cog ng Med um [water LA METEHIT t
= oD 18.05|mm
Fiowrate 1.526915138|K3/s Length 1fm
2.LEE8[kIAE 2 15.748[mm
EN0.00C0EY 992.8|hgicum bl £.518
W W degtt 0CooT2|kgims e Z.242] Fromizkied
1103.56|h/53 K 0.6228| W/ /{m.degl) vEe 2ixed tube shest
- Latent Hzat 2f Vap) 2282|KRg Shel Cenranze mm
7= nies 52|dezC
TIoutet
> r T oanznmed ate L
: ) 2052 = cond 863[mm-z
Yooy o 2] i degls v, $5-3C2 16,3]wW im.dealt

Sreparad by forahim Xhan Orifice Tag No: 0-101

Chac<ad byt # Pradeep Kumar; Naveen Kumar Job Ne: 170000

Date: Client: GACL
Project: Hydrazine Hycrate
[ RESULTS |

vam=z of the ‘ Iy 2
Crifice Diamater 77|
srate Iﬁ Circular
Edges sguare

iD
Radius Taps Yes

sCH
Temaerature, T

pDensivatT Coefficient of Discharge| 0.6C4166
4

V yatT 2ressura Jrop 681642|m WC
% arometric Flud Manometer Reading 373.364|mm HG
1 DP Transmitter 5507.814|mm WC

»ametric Fluid Densifisd
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5. Thermosyphon Reboiler:

Heat -
Load Calculations Flow Rates

Quantiy ¥ alye Units Vapouzationrate 45395
::‘lg:y.g 1360684 KV Total flow rate. kgtht 4073
5. 5% loss 1696753 kM
Assune &"ﬂ 336 degC
pa ) 1000 WisqmdealC
ea Provided, Apro 0333523 sqm
Reboiler Geometry
Length, L 1m
0D.do 254 mm
No oftubes Nt 170474 Nos
Tube Pitch, Pt 375 mm
No of Passes 1 pass
D, & 22098 mm
Shell D, Di 0202 m From TERA Table

Recirculation Ratio calculations
Ass
ume  Recirculation ratio 4

Flow rate of iquid

atthe outlet of reboiler 45395 kglhr
Flow rate of liquid 13158 kglhr
atthe outlet of reboiler
Avail diff Head, del P avg 7571621 Pa Condition to be Satisfied
Pa Pt
Tubeside flow ates 0004489 sq.M 7571.62 Musts 10.1231 Pa
0.746562 0000998 Atm

1304484 kgi(sqmsec)
11334455 mis

Tubeside Mass vel, Gt
Tubeside Vel Ut

Reynold No., Nre SI7.2715
Fouling F actor, Jf 0005 (From Graph)
gubeme pressure drop
dep Pt 101231 Pa

Reboiler Conditions

Quantity Value Units
Temperatute 80 degC
Pressure, P 2 bar
BAML 215
Propeities of Mizture

Quantity Value Units
Liquid densty, tho L 812.82 kglcum
Vapour density, thoV 18729 kglcum
Sp. Vol of lig. Atinlet, Vi 0001229 cumikg
Sp. Vol.of lig. At outlet, ¥o 0107769 cumikg
Avg Vap-Liq Den.tho g 419932 cumikg
Viscosity of Liquid &t T.Cp 0.0006 kgi(msec)
tho avg cumikg

6. Tank Sizing as per 1S-4179:

prakh m Khen

14 Frzdesp bumarn Naveen Kumsar

Prepered oy
Checked B2y

==t
Jste

Cverdes gi

Uz

Hom na «
3 3meler

Cylidrical Sl‘éji

Vol Lap/meg

Surface/m cf AL

Terispherical Head

R
5 Cyindrical Shels
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crorage tank Tag Mot £7-101
Job Hot 170050
Chient: GAal

Project: Hydrazing Hydrate

il e
sree Board 50.33|%
Lqudreght .51 |m
Design Tempersture 20|deg £
ses Pressure 1.1]atm
inier Mozt € 25 22 mm
Qusiet Mozzie 25.4lmm
Vent Mozzie 25.44|mm
HandHole 255 mm

Leve! g2Uge 20lmm

T —
Sgate [ sefmm

C Tori Head-6%Kr




APPENDIX 3: Properties estimation using Aspen Plus

1. Hydrogen Peroxide:

Properties of Hydrogen peroxide is measured in the operating range of 25°C to 70°C
1.1 Density:
§_ RHO vs Temperature
VAPOR HYDRO-01
LIQUID HYDRO-01
o
=18
£O
3 ~
L
2
@)
I
xgl
(e
l 1 1 1 1 1 1 [| |
25 30 35 40 45 50 55 60 65 70

1.2 Viscosity:

Temperature C
Fig .3.1 Density of H202 Vs Temperature

MU vs Temperature

Q
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W
Q. ~r
o o
>
S [e]
of
[Ts]
('\! =
o
1 |
| | 1 ] J ] 1
25 30 35 40 45 50 55 60 65 70

Temperature C
of H,0, Vs Temperature

Fig. 3.2 Viscosi

e —
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1.3 SJ)eciﬁc Heat:

CP vs Temperature

0| ———— VAPOR HYDRO-01
™ LIQUID HYDRO-01
X
2
[\
O

w0l

| 1 1 (] 1 ] 1 1 _J
25 30 35 40 45 50 55 60 65 70

Temperature C

Fig. 3.3 Specific Heat of H202 Vs Temperature

1.4 Thermal Conductivity:

"§ K vs Temperature
S
=] VAPOR HYDRO-01
—— LIQUID HYDRO-01
<
o
8 L
Xo
&
S
x
x3
oL
S
o
; 1 T 1 1 ;_.___,__-———-'——'“"'_"
25 30 35 40 45 50 55 60 65 70

Temperature C

Fig. 3.4 Thermal Conductivity of H202 Vs Temperature




2. Methyl Ethyl Ketone:

2.1 Density:
RHO vs Temperature

o
(@]
[+ 0]
8- — ——— VAPOR RHO METHY-01
o LIQUID RHO METHY-01
8
g o
33
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x O
! oY
; o
| 3
| [an)
\ o
! N
| o
i 8_
! | 1 ] | | | 1 | |
} 25 30 35 40 45 50 55 60 65 70

Temperature C

Fig. 3.5 Density of MEK Vs Temperature

2.2 Viscosity:

< MU vs Temperature
s
3\\ ———— VAPOR METHY-01
o LIQUID METHY-01
o
o
[Te)
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O

Dol
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25 30 35 40 45 50 55 60 65 70
Temperature C

Fig. 3.6 Viscosity of MEK Vs Temperature




2.3 Heat Capacity:

< CP vs Temperature
N el
VAPOR METHY-01
© LIQUID METHY-01
o
4
)
X o
2
o
(&)
[Te}
(Q L
o 1 [l 1 1 ] 1 1 1 |
25 30 35 40 45 50 55 60 65 70
Temperature C
Fig. 3.7 Specific Heat of MEK Vs Temperature
2.4 Thermal Conductivity:
wn
P K vs Temperature
S-
S VAPOR METHY-01
———— LIQUID METHY-01
o
O}
(=]
Xo
E
=
>
X [Te)
a') -
wn
1 | 1 | ! 1 L ‘-——éJg—‘——;o
25 30 35 40 45 50 55 60

Temperature C

Fig. 3.8 Thermal C onductivity of MEK Vs Temperature
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3. Acetamide:

3.1 Density:

RHO kg/cum

3.2 Viscosity:

590

1250

RHO vs Temperature

1000

7?0

250

VAPOR ACETA-01

LIQUID ACETA-01

25

30

1
35 40 45 50 55

Temperature C

Fig.3.9 Density of Acetamide Vs Temperature

MU vs Temperature

60

65

VAPOR ACETA-01
LIQUID ACETA-01

30

35 40 45 50 55
Temperature C

Fig.3.10 Viscosity of Acetamide Vs Temperature
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3.3 Specific Heat:

CP vs Temperature

w_
N
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LIQUID ACETA-01
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Temperature C

0

Fig.3.11 Specific Heat of Acetamide Vs Temperature

3.4 Thermal Conductivity:

K vs Temperature
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: Fig 3.12 Thermal C onductivity of Acetamide Vs Temperature
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4. Water:
4.1 Density:

RHO vs Temperature

1000

500 750

RHO kg/cum

250
L

VAPOR WATER
LIQUID WATER

1 [} 1 (] []
20 40 60 80 100 120
Temperature C

Fig.3.13 Density of Water Vs Temperature

4.2 Viscosity:

MU vs Temperature
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Fig.3.14 Viscosity of Water Vs Temperature
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4.3 Specific heat:

CP vs Temperature

(o_
o VAPOR WATER
wl- LIQUID WATER
0wl
¥ <
oo
2w
oo
o
N
W
N
N =
] 1 ] ] ! 1 1 ]
20 40 60 80 100 120 140 160 180
Temperature C
Fig.3.15 Specific Heat of Water Vs Temperature
4.4 Thermal Conductivity:
~_ K vs Temperature
o
o —— VAPOR WATER
ol LIQUID WATER
v
o
<
E =
% o
soL
X
N
o
=
Lk * . T T T T 1| I T T 1 | I___.l__————l—"'—'—|
20 a5 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Temperature C

Fig.3.16 Thermal Conductivity of Water Vs Temperature
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5. EDTA:
5.1 Density:

§ ) RHO vs Temperature
o VAPOR ETHYL-01
‘E"_,- ——— LIQUID ETHYL-01
Eo
o
x
Qo
2l
' o
u) -
N
1 ] 1 1 1 (] [ ] (]
25 30 35 40 45 50 55 60 65 70
Temperature C
Fig.3.17 Density of EDTA Vs Temperature
5.2 Viscosity:
: Q MU vs Temperature
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Fig.3.18 Viscosity of EDTA Vs Temperature
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5.3 Specific Heat:

~_ CP vs Temperature
© VAPOR ETHYL-01
L —— LIQUID ETHYL-01
. W
cat
2,
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o
onl
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1 1 1 (] 1 1 ] )
25 30 35 40 45 50 55 60 65 70
Temperature C
Fig.3.19 Specific Heat of EDTA Vs Temperature
5.4 Thermal Conductivity:
o) K vs Temperature
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Fig.3.20 Thermal Conductivity of EDTA Vs Temperature
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6. Methanol:

6.1 Density:

RHO vs Temperature

8(?0

——— VAPOR METHA-01
——— LIQUID METHA-01

6(?0

RHO kg/cum
490

2(|)0

1 1 1 1 1 1
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Temperature C

Fig.3.21 Density of Methanol Vs Temperature

6.2 Viscosity:

MU vs Temperature
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Fig 3.22 Viscosity of Methanol Vs Temperature
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6.3 Specific Heat:

CP vs Temperature

3.5

VAPOR METHA-01
LIQUID METHA-01

3

CP kJ/kg-K
? 2|5

1.5

25 30 35 40 45 50 55 60
Temperature C

Fig.3.23 Specific Heat of Methanol Vs Temperature

6.4 Thermal Conductivity:

K vs Temperature
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Fig.3.24 Thermal Conductivity of Methanol Vs Temperature
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Month

APPENDIX 4: Project Timeline

' Task Completed

March Proposal and Acquisition
April Approval from IICT
May Training on ASPEN-Plus, MATLAB, etc.
June -do-
July -do-
August Allotment of Project
September Literature Review and Data Collection
October Package selection and Base case
November Simulation and Modelling
December PFED, P&ID, ULD etc. of Pilot Plant
January Joining IICT; Designing of allotted equipment
February Design of Equipment
March -do-
April Design of Piping System,

Submission of first draft, final report and
Presentation of Seminar
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