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Abstract 

The application of bubble column reactors are widely spread out due to a number of advantages both in design and operations 

compared to other reactors. The first one is they have excellent heat and mass transfer characteristic. The second is low cost of 

operation and maintenance, and the last is high durability of the catalyst. Owing to the wide application area of bubble column 

reactors, the design and scale up of the reactors, the complexity of hydrodynamic and operational conditions have put on the 

attention of engineers. The performance of bubble column reactor is proven for transesterification process reported by 

Joelianingsih et. al.; nevertheless, the conversion and the yield of the product are still low. The reaction operated at atmospheric 

condition in the absence of catalyst will lead to more economic process for industrial application. Thus, the improvement of 

reactor design is necessary especially in order to increase the yield and conversion of the product. The bubble column reactor is 

designed with height to diameter ratio of 5 equipped with vaporizer, superheater and condenser. The material for all the 

equipments is made of stainless steel (316 SS) except for vaporizer is made of 304 SS. The performance of bubble column 

reactor for methyl esterification is increased both on the quality and the quantity of the biodiesel product. The analysis on quality 

of biodiesel showed that the free glycerol contents, monoglycerides, diglycerides, and triglycerides has satisfied both EN 14214 

standard and SNI 718:2012. The quantity of the product is improved as showed by higher yield obtained. The future work shall 

be focused on utilizing various spargers to gain optimum results and also attaining continuous methanol separation setup from 

end product for recycling. 
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1. Introduction 
The general types of multiphase reactor comprise of three main categories namely the fluidized bed 

reactor, the trickle bed reactor (fixed or packed bed), and the bubble column reactor. In principle, a 

bubble column reactor is a cylindrically vessel equipped with gas sparger at the base of reactors to 

dispense gas in the form of bubbles into either liquid phase or solid-liquid phase. The bubble column 

reactors are intensively used as multiphase reactor and contactor in chemical, petrochemical, biochemical 

and metallurgical industries [1]. These typical reactors are especially utilized in chemical processing such 

as oxidation, chlorination, polymerization, alkylation, and hydrogenation, in producing synthetic fuel, in 

biochemical process, and waste water treatment [2,3]. 

The application of bubble column reactors are widely spread out due to a number of advantages both in 

design and operations compared to other reactors. The first one is they have excellent heat and mass 

transfer characteristic. The second is low cost of operation and maintenance, and the last is high durability 

of the catalyst [1]. Furthermore, continuous catalyst supply and withdrawal ability and plug-free operation 

are their superiority among other reactors [3]. Owing to the wide application area of bubble column 

reactors, the design and scale up of the reactors, the complexity of hydrodynamic and operational 

conditions have put on the attention of engincers. 

Joelianingsih, et al. [4] reported the performance of bubble column reactor for uncatalyzed methyl 

esterification of free fatty acids. The performance of bubble column reactor is proven for esterification 

process; nevertheless, the conversion and the yield of the product are still low. The reaction operated at 

atmospheric condition in the absence of catalyst will lead to more economic process for industrial 
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application. Thus, the improvement of reactor design is necessary especially in order to increase the yield 
and quality of the product. 

2. The bubble column reactors concept and technology 
The main interest of bubble column reactor studies are focused on design and scale-up, hydrodynamics 

and regime analysis and characteristics parameters. This study mainly focused on design and scale-up of 
bubble column reactor for biodiesel productions in order to increase conversion rate of methyl 
esterification/transesterification. 

In general, the design and scale-up of bubble column reactors rely on at least three characteristic: (i) 
heat and mass transfer (ii) mixing (iii) chemical kinetics. Although the construction of bubble column is 
straightforward, precise and successful design and scale-up require an improved understanding of 
multiphase fluid dynamics and its influences. Industrial bubble column usually operate with a length to 
diameter ratio of at least 5 [1]. 

Shah et al. [2] reported that the effect of column diameter is insignificant on gas holdup when larger 
than 10-15 cm. On the other hand, Luo et al. [5] reported that the column height effect is negligible when 
the height is higher than 1-3 m and the the aspect ratio is larger than 5. Vandu and Krishna [6] reported 
that k,a/], demonstrated a slight increase with column diameter. The volumetric mass transfer 
coefficient, ka increases with gas velocity, gas density and pressure while it decreases with increasing 
solid concentration and liquid viscosity. The presence of large bubbles should be avoided in industrial 
columns for effective mass transfer [7]. 

Table 1. Mass transfer coefficient correlations for gas-liquid bubble columns 
  

  

Researcher Correlation Reference 

Akita and 4 05 > (062 7), 0.31 

Yoshida ‘32 -o6(on)" (8) (Bt) 8] 
Shah et al. a = 0.46700 [2] 

Kang et al. ha - Kx tonne (Peder) "where K is the comelation dimension (9] 
  

Heat transfer in bubble column reactor is important since many chemical reactions are usually involved 
with energy supply (endothermic) or energy removal (exothermic) process. Hence, the heat transfer from 
the reactor wall and inserted coils became interesting discussion in many literatures [10]. Many 
hydrodynamic studies examined the heat transfer between the heating objectives and the system flow to 
understand the effect of hydrodynamic on the heat transfer for improving the design and operation of 
bubble column reactors [11]. It can be stated that the heat transfer coefficient increases with increasing 
temperature, but decreases as a function of liquid viscosity and particle density [7]. 

Bubbles size and distribution also important in bubble column operations. Their holdup contribution 
and rise velocities have significant impact on altering the hydrodynamics, as well as heat and mass 
transfer coefficient in bubble column reactors. The distribution of bubbles firstly influence by the bubbles 
formulation by the sparger. 

For any given gas sparger size with pre-determined number of openings or holes size, the gas initial 
force at the sparger orifice is related to the surface tension forces. This relationship is best described by 
Weber number (We), which is often used to design the gas sparger. The Weber number for gas is given as 
follow: 

  

paiodo  palgDe 
G Nadic 

(1) 
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Fig 1. Sparger types utilized in bubble column reactor (a) spider shape (b) porous plate (c) perforated 

plate (d) multiple orifice nozzle (e) perforated ring [12] 

3. Design and scale-up 
1: In this project, the design of bubble column reactor is straight forward with height to diameter ratio is 3 

to 5 (more preferably 5). The bubble column reactor setup equipped with a methanol vaporizer, a 
superheater, and a condenser. All main materials are made of stainless steel 316 SS except for vaporizer 
made of 304 SS. The flow rate of methanol controlled by Chengfeng Flowmeter LZB-DK800 and the 
temperature system is controlled by automatic PID temperature controller YFYB (Type XMTG) equipped 
with thermocouple type-K. Overview of the setup are shown in Fig 2 to Fig. 4 
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Fig 2. Schematic diagram of the bubble column reactor setup equipped with vaporizer, superheater, 
and condenser 
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Fig 4, J he bubble column reactor setup and rotar y evapor ator for final pr oduct Separ ation fr om 
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All the heating elements are using band heater built on design with power supply 500 to 750 watt 

capable to generate heat up to 500 °C. The methanol vaporizer is designed to corer methanol in liquid 

phase directly to vapor phase with the temperature range between 75 to 250 C. The superheater is 

designed to give additional heat energy to methanol vapor at 250 — 500 °C depend on reaction 

temperature in the reactor. The superheater is horizontally positioned in order to have more efficient heat 

transfer and flow of superheated vapor into the reactor. Should we place superheater vertically; the 

pressure drop is higher than previous position. The sparger used in the reactor is simply a perforated tube 

sparger and a perforated ring sparger with holes diameter each 1 mm. The condenser is equipped with 

temperature control in order to maintain operating condensation operation at 10 — 20 °C. 

4. Performance test 
The prototype of bubble column reactor designed is tested initially for producing biodiesel non- 

catalytically from frying palm oil with methanol feed rate of 5 and 10 mL/minute. The temperature 
condition carried out at 250, 270, and 290 °C at atmospheric pressure. The results of bubble column 
performance test are shown in Table 2. 

Table 2. Bubble column reactor prototype performance test results 
  

  

Methanol feed Temperature Yield 

rate mL/minute °C % 
5 250 0.71 

5 270 4.16 

5 290 12.07 
10 250 0.96 

10 270 2.32 
10 290 9.25 
  

From Table 1 it showed that the highest yield should performed at high temperature 290 °C with 

suitable methanol feed rate i.e. 5 mL/minute. At the same temperature 290 °C with methanol feed rate 10 
mL/minute, the yield of product is lower due to short contact time between methanol vapor and the oil. It 
is found that the number of bubbles formed at low methanol feed rate i.e. 5 mL/minute are much more 
uniform and even. Therefore, the contact between the reactants particles are more frequent and in results 
more reactants converted into the product. The formation of bubbles at high feed rate of methanol i.e. 10 
mL/minute, resulting an excessive interfacial contact between reactants particles. The bubbles size are 
larger and more turbulence. For high methanol feed rate, an additional roof perforated plate should be 
placed to increase gas hold up and accordingly increase contact time between the reactants. 

The biodiesel product were analyzed by gas chromatography (GC 2010 Shimadzu) with modified EN 
14105 standard methods [13] and presented in Fig 5 to Fig 8.     its Wer Qe 

NOH, 19 tLoad Lael C ; él 

nn n 

Fig 5. Chromatogram of free glycerol from biodiesel product 
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Fig 6. Chromatogram of monoglycerides from biodiesel product 
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Fig 7. Chromatogram of diglycerides from biodiesel product 

         “ye th th 

Fig 8. Chromatogram of triglycerides from biodiesel product 
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Table 3. Biodiesel product analysis 

Parameter EN 14214. —sSNI-718:2012 _—«=Bddiesel sample 
  

(“wiw) 
Free glycerol Max 0.02 Max 0.02 0.018 

Monoglycerides Max 0.80 NA 0.005 
Diglycerides Max 0.20 NA 0.001 
Triglycerides Max 0.20 NA 0.017 
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Fig 9. ‘H-NMR spectrum of reactant in the bubble column reactor after 3 hr reaction at 250 °C reaction 

condition 
From the 'H-NMR analysis showed that after 3 hour reaction, most of the triglycerides are already 

breaking out into monoglycerides. The double bonds originally from TG also reduced into straight chain 

(alkanes) resulting product that easily be frozen at room temperature. 
Transesterification reaction of oil/triglyceride (TG) with methanol (MeOH) takes place in 3 stages as in 

equation (1), (2) and (3). One mole of TG react with 1 mole of MeOH produces | mole of FAME and 1 
mole of diglycerides (DG). Furthermore, 1 mole of DG reacts with 1 mole of MeOH produces | mole of 

FAME and | mole of monoglycerides (MG). Finally, 1 mole of MG reacts with 1 mole of MeOH 

produces | mol of FAME and 1| mole of glycerol (GL) [14]. 

TG +MeOH «+ DG+ FAME (1) 
DG + MeOH «+ MG +FAME (2) 
MG + MeOH + GL + FAME (3) 

The third phase reaction is the slowest reaction as MG is the most stable compound compared to DG 
and TG [15]. Based on the literature sources [16] monoglycerides compound has a freezing point above 
Toom temperature so that at room condition it will easily be frozen. Fig 10 (a) showed the liquid condition 
in the bubble column reactor after 3 hour reaction at 250 °C. The bottom layer is monoglycerides 
compound that has not reacted yet with methanol to form FAME and glycerol. No formation of two layers 
in the reaction products showed that the GL product produced is still very small as a result of the slow 
reaction stage 3 as shown in Fig 10 (b). 

BL. 
(a) (b) 

Fig 10, (a) The liquid condition in the bubble column reactor, and (b) biodiesel product after 3 hr reaction 
at 250 °C reaction condition 

  

5. Conclusion . 

The bubble column reactor designed performance for methyl esterification is increased both on the 
quality and the quantity of the biodiesel product compared to previous work done by Joelianingsih et al.. 

The analysis on quality of biodiesel showed that the free glycerol contents, monoglycerides, diglycerides, 
and triglycerides has satisfied both EN 14214 standard and SNI 718:2012. 
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To obtain good results in quality and quantity, sparger in the reactor system must be redesigned in 

order to produce more methanol bubbles and smaller so that the reaction between two phases (oil and 

methanol vapor) can take place evenly throughout the liquid in the reactor, accordingly the yield of oil 

products will increase. 
The future work shall be focused on utilizing various spargers to gain optimum results and also 

attaining continuous methanol separation setup from end product for recycling. 
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