
1. Introduction: About 6.7 million tonnes were produced worldwide 

in 2010, mainly for use as a solvent and production Acetone (propanone) is an organic compound with 
of methyl methacrylate and bisphenol A [2]. It is a the formula CH [1]. It is a colorless, volatile, 3 

common building block in organic chemistry for the flammable liquid and is the simplest of the ketones. 
design of new materials or chemicals. Everyday Acetone is miscible with water and has been 
household uses of acetone are the active ingredients reported to be one of the most essential solvents 
in nail polish remover and paint thinner.typically used for cleaning purposes in laboratories. 
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Abstract

In this work, the design and fabrication of a pilot-scale multi-tubular fixed bed reactor have been carried out 

with the aid of computational software (MATLAB R2010b), aiming to process 6.5 L/h of isopropanol to acetone 

using non-adiabatic thermal conditions. The reactor fabricated would serve as a demonstration rig to enhance 

research practice, teaching, and learning processes in Advanced Reactor Analysis. The acetone production 

studied involves four stages, which are simultaneous vaporization and dehydrogenation, condensation, and 

storage. In the simultaneous vaporization and dehydrogenation, isopropanol is heated to 473 K indirectly to 

change the phase of raw material from liquid to vapor. In comparison, isopropanol is dehydrogenated to be 

acetone and hydrogen with 50 % conversion using Cu/SiO  composite as a catalyst in the multi-tubular fixed 2

bed reactor at 473 K and 1 bar. Condensation occurs when an ice bath cools down the vapor product to liquid. 

Hence, the condensed product is tested for acetone, and the overall cost analysis for the whole process is 

calculated. The design can be a model for other chemical engineering schools to fabricate a locally made reactor 

for the training and re-training of chemical engineers, especially in developing nations. 
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Acetone has been an excellent solvent for various diacetone alcohol, methyl isobutyl ketone, hexylene 

greases, oils, gums, waxes, dyestuffs, resins, fats, glycol (2-methyl-2,4-pentanediol), and isophorone 

and cellulosic. It is used as a carrier for acetylene, in [3]. The comparison of different process routes for 

the manufacture of a variety of coatings and the production of acetone obtained from the 

plastics, and as a raw material for the chemical literature is summarised in Table 1. From which the 

synthesis of a wide range of products such as chosen process route was justified.

ketene, methyl methacrylate, bisphenol A, 

Table 1. Comparison between processes and selection of process

Propylene oxidation process [7] Isopropyl alcohol
dehydrogenation process [8], [9]

Cumene process [4]-[6]

The major disadvantage of producing acetone from of acetone from isopropanol using Cu/SiO  catalyst; 2

the cumene process [10], [11]  is that some reactant Said et al. [19] employed the use of Cu-NiO, which 

benzene is present along with the desired product, indicated that the introduction of NiO decreases the 

which is toxic. In contrast, the challenge of activation energy of conduction. Unlike other 

producing acetone from the propylene oxidation works, Balouch et al. [20] employed palladium to 

process [12] is that the propylene required for the investigate the hydrogenation of acetone into 

operation should be 99 % pure. However, the isopropanol. Ramachandriya et al. [21] employed 

process our study deployed for making acetone was Clostridium ragsdalei to reduce acetone to 

a process that dehydrogenates isopropyl alcohol in isopropanol. Some studies employed the use of 

the presence of a solid catalyst [13][16], a lesser biocatalysts. One of these studies includes Jojima et 

disadvantage than other methods. Moreover, the al. [22], who employed Escherichia coli. to produce 

process for this design chosen was considered to be isopropanol from the use of glucose. However, the 

satisfactory due to its demand for more secondary motivation behind our studies was the absence of a 

pressure of 1 bar and a moderate temperature of 200 multi-tubular fixed bed reactor set-up rig that could 
oC, which is obtainable at the laboratory/pilot scale be used for the effective teaching and research of 

level for teaching and demonstration in Advanced Advanced Reactor Analysis in the Department of 

Reactor Analysis or related courses in Ahmadu Chemical Engineering, Ahmadu Bello University 

Bello University (ABU), Zaria. Zaria in Nigeria.

A literature survey [4][9], [17], [18] indicated that The challenge, therefore, geared the studies' aim 

much work had been carried out on acetone toward designing and fabricating a multi-tubular 

production. Some of these works include fixed-bed reactor for producing acetone from 

Tohaneanu et al. [3] that simulated the production isopropanol over a copper-silica catalyst, which 
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could be used for  research and teaching solution of silica powder (Fischer), 48g, was 

demonstration in ABU Zaria. This aim was prepared using deionized water and heated up to 
oachieved by developing a process flow diagram, 70 C. A solution of 0.748 molarity Cu made from 

choosing a design basis, and collecting relevant data Cu(NO )  (JDH) was added dropwise to the silica 3 2

necessary for the analysis. The volume and weight solution. The mixture was heated with constant 
oof catalyst in the tubes, the tubes, shell, pitch, and stirring to dryness at 70 C, which took roughly 8 

baffles size presented in the reactor, and the heat hours. The resulting powder was dried overnight at 
o oload or duty required to drive the operation of the 70 C. The powder was then calcined at 600 C for 3 

pilot plant were determined. In addition, the cost hours before use as a catalyst. 

analysis of the pilot plant was investigated. The 2.3.2 Catalyst characterization:

data needed in this design were sourced from Fourier transforms infrared spectroscopy was 

literature (papers, textbooks, and internet conducted using the Shimadzu 8400S FTIR 

resources). Assumptions were made where specific analyzer (insert proper model). The analysis 

information was not available. The design plan was observed differences between the pristine and 

strictly limited to converting 6.25 L isopropanol to c o p p e r - i m p r e g n a t e d  s i l i c a  s u p p o r t .  

acetone using a catalyst (CuSiO ) per hour for a Crystallographic properties of the synthesized 2

square pitch and non-adiabatic operation. This catalyst were analyzed using a Rigaku mini flex 300 

study work adopts the approach of both a multi- X-Ray diffractometer with two thetas ranging from 
otubular reactor and shell and tube heat exchanger 5-80 .

model. The computational analysis involved was 2.4  Process Description And Route:

aided by using a MATLAB computational tool. The process route is shown in Figure 1. It shows the 

2.     Materials and Methods: process flow of the materials from the raw material 

2.1   Materials: tank (U-RT) to the product tank (U-PT) to produce 

The materials used include isopropanol, catalyst acetone from isopropanol. In this simplified process, 

(copper nitrate over silicon oxide), heavy oil, ice an aqueous solution of isopropanol from the Raw 

water, and glass fiber. Material Tank (U-RT) was transported to the multi-

2.2  Reaction kinetics for the process: tubular fixed bed reactor (U-MTFBR) with a pump 

According to the literature [23], the reaction can be to maintain the pressure. At the same time, a 

controlled by selective catalysts and proper control valve (CV) was used to regulate the flow rate 

operating conditions. The primary reaction for of the isopropanol in-stream S-2c at a temperature 
oproducing acetone is: of 25-35 C and a pressure of 1 atm. 

(CH ) CHOH g (CH ) CHO + H (1)3 2 3 2 2 Each tube in the reactor(U-MTFBR) contains a 

And the kinetics for this reaction is given below: fixed bed of catalysts (copper silica). Engine oil was 
3 3-R  = kC  in m  gas/m  cat (2) chosen as a heat transfer medium due to its IPA IPA

where, k is the reaction rate constant obtained from relatively high heat capacity and good heat transfer 
5 literature as 1.76 x 10 exp (-60,000/(T)/ 8.314); C  properties. The oil is heated to a temperature of IPA

o3 250 C in the reactor's shell (U-MTFBR) from the is isopropanol concentration expressed in mol/m  

immersed heater. This, in turn, heats the tubes gas. Although several side reactions are possible, 
ocontaining the catalyst to about 200-220 C. The none of them occurs considerably. The activation 

isopropanol vapor is dehydrogenated as it passes energy in the kinetic expression above is in units of 

through the reactor (U-MTFBR) and over the kJ/kmol [23].
ocopper silica catalyst at 200 C and 1atm to form 2.3  Catalyst Preparation & Characterization

Acetone; stream S-3 is a gaseous phase product at 2.3.1  Catalyst preparation:
that temperature. The preparation of the catalyst was split into three 

batches. Each batch was prepared the same way. A 
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It then passes into a condenser (PC), which cools reaction time (tp) was 1 hour, the reactor flowrate 

down the gaseous product in stream S-3 into liquid (Vr)  was computed as  “Vp/T,p” , and the 

product stream S-4, stored in the product tank (U- corresponding mass flowrate (Mao) were calculated 

PT). The product collected is not pure acetone due to as the product of the volumetric flowrate (Vr) and 

unreacted isopropanol (a conversion of roughly 50% the isopropanol fluid density (denf). The tube mass 

is expected). So, a suitable chemical analysis is used flow rate (Maot) was calculated as “Mao/Nt”. The 

to identify the presence of acetone in the product molar flow rates were also computed. These are 

mixture (Fehling's test, the Iodoform test, and the programmed in the preliminary section of the 

Sodium bisulfite test). Figure 1 displays the MATLAB a lgor i thm ( presented  i n  t he  

graphical illustration of the process flow diagram. supplementary information) for the computations.                  

2.5  Reactor Design: 2.5.2 Estimation of volume and weight of 

The computation analysis of the multi-tubular catalyst per tube:

fixed-bed reactor design was carried out using The weight, Wt, and volume, Vt, of the catalyst per 

MATLAB computational software. The reactor was tube were estimated using the rate expression from 

designed to convert 6.5 L/h (2.5 L/0.4h) of Missen et al. [24] in the form which was solved via 

isopropanol into acetone using a solid catalyst of the use of the Simpson one-third rule:

copper nitrate over silicon oxide, non-adiabatic (3)

operation, catalyst in a tube, 6 number of tubes, two (4)
tube passes, one shell pass, external tube diameter 

17.1 mm, tube thickness of 2.2 mm and square pitch 
(5)

oat 200 C and 1 bar.

2.5.1  Basic data used in the design:
The solution of the above numerical integration 

A MATLAB algorithm (please, see the details on 
expression via the use of Simpson's one-third rule 

codes and parameters in Supplementary Material) 
and integral boundary of 0 % (i.e. 'a’) to 50 % (i.e. 'b') 

was written to compute various relevant 
in space interval of 100 steps with the aid of 

parameters for the sizing of the setup equipment 
MATLAB-based solvers and looping commands 

necessary for designing and fabricating the multi-
that was deployed in the algorithm. 

tubular fixed bed reactor setup. The reactor volume 
V = Vt * Nt (6)

(Vp) was taken as 2 L using six tubes (i.e., Nt = 6), 
Bden = Cden *  (1-Bv) (7)the set desired reaction conversion (X) was 50 %, the 

Figure 1.  Process Flow Diagram for the Production of Acetone from Isopropanol (Key: U-RT = Raw material 

tank, U-PT = Product tank, U-MTFBR = multi-tubular fixed bed reactor, RP = Raw material pump, 

CV = Control valve, PC = Product condenser, S-1=Isopropanol, S-2=Pumped isopropanol, 

S-2c=Regulated isopropanol, S-3= Fresh acetone, S-4=Cooled acetone)
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Wt = Vt * Bden (8) (Db), and tube length (Lt). 

W = Wt * Nt (9) 2.5.4 Estimation of the heating duty

Where the weight of catalyst in each tube (Wt) and With reference to Sinnott et al. [26] the duty of the 

the total required catalyst weight (W) were reactor's heating medium that would be required to 

obtained using relevant data like catalyst density provide the condition for the reaction within the 
3(Cden) of 2.34 g/cm , particles diameter (dp) of 15 multi-tubular reactor was estimated with the use of 

mm, bed voidage (Bv) of 0.64 and catalyst voidage the MATLAB-based algorithm (presented in the 

(cv) of 0.4. supplementary information) shown below, which 

2.5.3 Sizing of reactor tubes: computes the heat load or duty (Q) including the 

Based on the volume and weight of the catalyst, the overall transfer coefficient (U) and tube heat 
reactor tubes present in the reactor were sized [24], transfer coefficient, ht.

         [25] in relation to the results collected for the Q=n * abs(Hto - Hti) (15)
volume (V) and weight of the catalyst (W) required Where Hto is the enthalpy at the tube outlet while 
in a tube including the chosen tube diameter (Dto) the Hti is the one obtained at the tube inlet, n=Fao is 
as 10 mm and thickness (tn) as 0.0022 mm (with the molar flow rate. The log-mean temperature 
reference to what is obtainable in the market). The (dTlm):
analysis involves the determination of tube length 

(16)
(Lt) and pressure drop (dP) in tubes, including the 

(17)estimation of the tube pitch (Pt) and bundle 
(18)diameter (dB) that would be required for the fixing 

of the tube in the reactor's interior. The MATLAB Tso is the shell temperature outlet, Tsi is the shell 

algorithm aided the analysis (as presented in the temperature inlet, Tbi is the tube temperature 

Supplementary Information). The tube's internal inlet, and Tbo is the outlet. Taking correction factor 
diameter was computed as “Dto-2*tn” and the tube (Ft) from the chart using R and S to obtain corrected 
length (Lt) was computed as: mean temperature (dTm) and overall transfer 

coefficient (U):
        (10)         (19)

Pressure drop (dP) in tubes was computed using:
Where A=Nt*pi*Dto*Lt and dTm=dTlm*Ft. The 

(11)
results were collected for the heat load, overall heat 

2  
Where the cross-sectional area in m is transfer, and tube transfer coefficient. 

2 2Ait=pi*(Dti )/4, mass velocity in kg/sec/m  is 2.5.5 Sizing of shell and baffles:
G=Maot/Ait. The pressure drop in tubes (dP) 

Other components of the multi-tubular fixed-bed 
obtained was assessed to be less than 3 bar for a 

reactor sized were the shell and baffles using the 
good design [24], [25]. The bundle diameter is relevant data provided in the earlier section of this 
computed using the number of tubes (Nt), square report in the computation of shell volume  (Vs), shell 
pitch, two tube passes, and one shell pass. diameter (Ds), shell length (Lsh), baffle spacing 

(12) (Bs), the number of baffles required in the reactor 

(Nb), crossflow area (As), shell equivalent diameter  (13)
for the chosen square pitch (in line with the basis for         (14)
the design) (De), shell heat transfer coefficient (hs), 

The calculation for the Bundle diameter (Db) was and shell pressure drop (dPs). These computations 
done using K1=0.156, n1=2.291 for the chart with were carried out using some relevant models and/or 
two tube passes and square pitch. The results with the help of relations adopted from Sinnott et al. 
obtained for the computation were collected for the [27], as well as with the aid of the MATLAB 
relevant parameters of interest, which include the algorithm (presented in the supplementary 
tube pitch (Pt), tube spacing (Tsp), bundle diameter information) for enhancement of calculation. The 
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results obtained from the design specification 

required for the fabrication of the reactor were 

collected.

3. Results and Discussion: 

3.1 FTIR and XRD analysis of synthesized 

CuSiO catalyst:2 

FTIR analysis of the synthesized catalyst is shown 

in Figure 2. Spectra of the pristine silica support 

were juxtaposed with the copper-impregnated 
-1catalyst. The peak emanating at 1095 cm  was 

ascribed to the asymmetric stretching vibrations of 

the Si-O-Si band in amorphous SiO , which was 2
Figure 3. XRD Diffractograms of Synthesized 

similar to the findings made from the studies of 
CuSiO  Catalyst2

Peña-Alonso et al. [28] and Ye et al. [29] who 
-1 -1 reported 1103 cm  and 1070 cm respectively as an 

Figure 3 shows the XRD pattern of the synthesized 
asymmetric stretching of Si-O-C. Further analysis 

CuSiO  catalyst. The amorphous peak associated -1 2of the spectra indicates that the peak at 811 cm  
with SiO  was observed at a 2O value of 2represents the symmetric stretching of the Si-O-Si 

o-1 approximately 22.6 . Cu was present in the form of bond. The early peak at 460 cm  is due to bending 

CuO in agreement with the FTIR spectra shown in vibration between silica and oxygen links. In 
-1 Figure 2. The seven most prominent peaks were comparison, the prominent peak at 3400 cm  is 

attributed to Si-OH asymmetric stretching used to determine the crystallite size using the 

vibrations alongside some possible contribution Scherrer equation. The peaks had two theta values 
ofrom adsorbed OH of water which typically presents of 35.7, 38.8, 49.0, 58.4, 61.7, 66.3, and 68.3  CuO 

-1peaks at 3600 cm . [29]. The presence of the peak at had an average crystallite size of 28.47 nm. Peaks at 
-1

o1635 cm  confirms the contribution of adsorbed OH 35.78 and 38.9  are a result of the CuO tenorite 
from water as a result of moisture trapped in the phase, which was found to agree with the report of 

-1
osilica matrix. The weak shoulder at 956 cm  is due Reinosa et al. [32] which also obtained peaks at 35  

to the formation of copper phyllosilicates [13] and o oand 39 . Also, a minuscule peak at 32.18  is ascribed 
the Cu-O-Si bending vibration [28].  The spectra of 

to the presence of copper phyllosilicate, agreeing 
SiO  and CuSiO  also exhibit a difference in the -12 2 with the peak at 956 cm  observed in the FTIR. The 

-1shape of the spectra at 568 cm [30]. This deviation 
low visibility of this peak suggests a very low 

in the pattern is due to the formation of CuO after 
concentration of phyllosilicates is present in the 

calcination[31].
structure. 

3.2   Results of Reactor Design:

The results obtained from the design of the reaction 

are presented in Table 2, displaying the number of 

tubes, tube dimensions, shell dimensions, tube 

arrangement in the shell, and amount of catalyst to 

be loaded in each tube of the reactor, including the 

pressure in both the shell and the tubes.

Figure 2. FTIR of the catalyst Copper-supported by 

Silica
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The obtained equipment design outcome was found Wt, of the catalyst required to be present in each 

to be within the acceptable standard range where tube fixed in the reactor were recorded as 2.8913e-
3the reported pressure for the shell and tube flows 005 m  (28.913 mL) and 0.0244 kg (24.4 g). The 

were both less than 3 bar in line with existing results indicated that the reactor would require a 

reports in the literature [24], [33]. The heat load (or total catalyst weight of 0.1461 kg, which was found 

the heating fluid duty or load) was estimated to be to be reasonably well for the training and research 

1.3811 kJ/s. purpose as its material demand for the teaching or 

3.2.1 Estimation of volume and weight of consumable research materials would be minimal. 

catalyst per tube: And it would be affordable for the institutes in the 

The analysis computation results (as shown in developing world to operate and manage its use.

Table 2) obtained for the volume, Vt, and weight, 

Table 2: Results obtained from the design of the reactor

Parameter Notation Unit Values

Baffle spacing Bs_cm cm 6.2112

Bundle diameter Db m 0.0841

Conversion X % 50
2Heat transfer area A m 0.0809

Heating fluid duty/load Q kJ/s 1.3811

Length of the shell Lsh_cm cm 35.9021

Length of tube Lt_cm cm 25.1063

The mass flowrate of isopropanol Fao kg/s 2.2040e-005

Number of baffles Nb 3.0421

Number of tubes N_tube tube 6

Outer diameter of tube Dto mm 0.0171
2 oOverall heat transfer coefficient U kW/m . C 0.1084

Overall shell mass flow rate Ms_overall kg/s 6.8841

R correction factor (from the chart) R - 0.9091

Reaction temperature T_K K 473

Reaction time length tp S 1440

S correction factor (from the chart) S - 0.7674

Shell diameter Ds_cm cm  9.4110

Shell equivalent dia. for square pitch De cm 11.8683
2 oShell heat transfer coefficient hs W/m . C 1.7597

Shell pressure drop dPs_bar bar 2.6372e-008
3Shell volume Vsh m 0.0025
3The total volume of catalyst required V m 1.7348e-004

Total weight of catalyst required W_kg Kg 0.1461
2 oTube heat transfer coefficient ht W/m . C 3.5764

Tube internal diameter Dti mm 0.0127

Tube mass flow rate of isopropanol Faot kg/s 3.6733e-006

Tube pitch Pt_mm mm 42.7500

Tube pressure drop dPt_bar bar 0.0018

Tube spacing Tsp_mm mm  25.6500
3Tube volume Vt m 2.8913e-005
3Volume of isopropanol to be processed Vp m 0.0025

3Volumetric flow rate Vr (m )/s 1.7361e-006

Weight of catalyst per tube Wt Kg 0.0244
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3.2.2 Sizing of reactor tubes and shell: coefficient, shell heat transfer coefficient, tube heat 

The results obtained for the computation were transfer coefficient,  the baffle spacing, and the 

collected for the relevant parameters of interest, number of baffles required for the fabrication of the 

which include the tube pitch, bundle diameter, and reactor, as shown in Table 2, indicated 1.7597 
2 o 2 o 2 otube length as 42.75 mm, 0.084 m (8.4 cm), and W/m . C, 3.5764 W/m . C, 0.1084 kW/m . C, 6.21 cm 

25.11 cm, as shown in Table 2. The results obtained sp ac in g,  an d th re e ba ff le s ar e re qu ir ed , 

for the shell volume, length, and diameter required respectively.

for the fabrication of the reactor, as shown in Table 3.3  Equipment Specifications:
32, indicated 0.0025 m  (2.5 L), 35.9021 cm, and 9.41 From the design carried out, the equipment 

cm, respectively. specifications and fabrications are presented in 

3.2.3 Sizing of heat transfer coefficient and Table 3. The specifications were used in fabricating 

baffles: the pilot plant setup using the engineering 

The results obtained for the overall heat transfer drawings provided in Figures 4 and 5. 

Figure 4: Two-Dimensional Drawing of the Set-up Arrangement

Table 3: Multi-tubular Fixed Bed Reactor Fabrication Specifications

Description Symbol Units Values

Baffles Cutting - % 25

Baffles Spacing - Mm 621.1

Number of Baffles Nb Baffles 3

Number of tubes Nt - 6

Pitch type - - Square

Shell Internal diameter Ds cm 9.41

Shell Length Ls mm 359

Shell pass Passes 1

Shell Pressure drop dPs Bar 2.6372e-008

Tube external diameter Dto mm 17.1

Tube head type - - Fixed

Tube Length Lt mm 251

Tube pass - Passes 2

Tube Pressure drop dPt Bar 0.0018

Tube thickness Tn mm 2.2

8
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The snapshot of the pilot plant we fabricated setup 3.4  Material Selection:

is pre sen ted  in Fig ure  6. Dif fer ent  pla nt In selecting the suitable material for the fabrication 

components were clearly explained, showing the of the reactor, glass, mild steel, and stainless steel 

reactor, pumps, raw material tank, condensing were considered. Here, the materials were screened 

unit, heating fluid loading point, and control panel given the factors such as material fabricability, 

for the pilot plant operation.  availability of the material, the appearance of the 

material, cost of the material, corrosion resistance 

of material and material strength.

2022

Figure 6. Multi-tubular reactor setup

Figure 5. Orthographic Projections of the Multi-tubular Fixed Bed Reactor
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Mild steel was selected as a result of the Tank (U-PT).

availability, cost, strength, and fabricability of the 3.5.2 Shut-down procedure
The shut-down procedure for the plant set-up is material for the reactor [25], [27], [34], [35].
presented in the below order:3.5 Start-up and Shutdown:

1. Stop the raw material from flowing into the 3.5.1 Start-up procedure:
Reactor Tube.The start-up procedure for the plant set-up is 

2. Allow the remains of the reactant inside the presented in the order below:
o reactor to react and exit as products. 1. The Heating Oil is heated to about 250 C 

and then released into the Shell of the 3. Stop the Oil flow into the reactor's Shell 
Reactor (MTFBR) by gravity. Point 5, the (MTFBR).
exit point on the Shell, remains closed. 4. Allow the rest of the Oil exiting the Reactor 
Ensure the heating is controlled by taking 

Shell to drain completely.t h e  t e m p e r a t u r e  m e a s u r e m e n t  
5. Allow the acetone product to continue intermittently.

dropping until the Product Tank receives 2. Leave the heated oil for some time in the 
the final drop (U-PT).Shell and allow it to heat the tube of 

o 3.6 Process Cost Analysis: Estimation of reactant to 200 C.
Total Capital and Cost of Operation3. Release the Isopropanol from the Raw 
The cost analysis of the project was presented, Material Tank (U-RT) and allow it to flow 
reflecting the total capital and operation cost into reactor tubes.
computation indicating the financial demands and 4. The reaction occurs in the Reactor Tubes 
benefits of the project are showcased here. The over the Solid Catalyst at stated operating 
result obtained from the collection of the assets conditions, and the products exit the tube as 
required to set up the process plant is presented in vapors, which are cooled by the condenser.
Table 5, including the project's total capital cost.5. Collect the Acetone produced in the Product 

Vol. XXXXX

Table 4. Material selection for the reactor fabrication [25], [27], [34][38]

Description
Variation of Materials

Glass Mild Steel Stainless Steel

Material 
fabricability

Availability of the 

material

The appearance 

of the material

Cost of the 

material

The corrosion 

resistance of the 

material

Material strength 

Easy to fabricate, but glass 

blowing machines are not 

readily available in 

Zaria/Kaduna unless in 

Minna 

Readily available

It looks more excellent than all 
other materials for class 
demonstration because it is 
transparent, and students will 
be able to see what is 
happening inside the reactor.

Cheaper

Good corrosion resistance

It can have good strength, but it 
is highly brittle.

Challenging to fabricate because not 
all welders can weld it.

Readily available

It will not look nice because students 

will not be able to see what is happening 

inside the reactor unless disassembled. 

But it will be better than mild steel 

because it has a better shining surface 

and is corrosion-resistant.

Expensive

Good corrosion resistance

Good strength

.

Easy to fabricate, because 

all welders can weld it.

Readily available

It will not look nice because 
students will not be able to see 
what is happening inside the 
reactor unless disassembled. It 
can easily be eroded.

Cheapest

poor corrosion resistance

Good strength 

10



The total cost of operating the manufacturing or for teaching and research in chemical engineering 

production stage of the plant was computed via the science, especially in low-income (developing) 

use of the cost of the operational resources required countries. The design specification provided in this 

in the production of acetone from the isopropanol study can be used by relevant chemical engineering 

was presented in Table 5. departments where the modern facility is 

Findings from the cost analysis indicate that a total challenging to afford or access in their colleges and 

of 211 thousand nairas (USD 512.76) were deployed could be used in fabricating the local multi-tubular 

in the building, fabrication, installation, and reactor setup, which would aid in facilitating the 

transport of the equipment. A sum of 62 thousand training of process engineers, especial ly in 

and five hundred nairas (USD 151.88) was developing nations like Nigeria. That is, it would go 

estimated as the required cost of running the pilot a long way to promote the teaching of  reactor 

plant operation. The running (or operation) cost was design, reaction kinetics, and heterogeneous 

relatively low and affordable for average schools in catalysis  in schools. Moreover, the influence of 

low-income countries relative to the cost of heating fluid properties on the kinetics of reactions 

importing the ready-made version of the setup from in the multitubular reactor can be considered in 

abroad. further study, and the factors to consider in 

4.  Conclusions: selecting a suitable heating fluid to meet the 

A reactor was successfully fabricated using the heating demand of a particular chemical reaction in 

dimensions specified in Table 5.1. The total capital a specific study. Other studies can explore the 

invested in this design and fabrication amounted to economic potential of scaling the pilot design of the 

NGN 211,000 (USD 512.76), while the operating process studied in this report into a commercial 

cost was estimated to be NGN 62,500 (USD 151.88). scale in low-income nations.

The cost analysis indicates the running of the plant 

2022

Table 5. Total capital cost and cost of operation

Capital Cost Descriptions             Amount         Operation Cost Descriptions                    Amount 
(NGN) (NGN)

Equipment:
Raw material tank
Reactor
Condenser 
Product tank 
Pump
Pipe & fitting

Installation

Temperature Controller 
and indicators

Support skid

Transport

Total capital Cost

5,000.00
67,000.00
15,000.00
5,000.00

20,000.00
25,000.00

20,000.00

16,000.00

28,000.00

10,000.00

   211,000.00 

Catalyst materials:
Copper nitrate
Silicon oxide

Reagent for acetone test:

Sodium hydrogen sulfate

Fehling solution
Iodine solution

Sodium hydroxide

Raw materials:

Isopropanol

Heating fluid/oil:

Engine oil

Coolant/cooling materials:

Ice-block

Transport

Total operating cost

6,500.00
7,500.00

Not accounted

12,500

25,000

1,000

10,000

62,500.00
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