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Abstract 

The presence of oxide layers covering the surface of aluminum is known to impede the hydrogen production reac-

tion. These oxide layers can be broken by adding catalysts and increasing the aluminum-water reaction 

temperature. Common catalysts used are alkaline catalysts that are capable of achieving high hydrogen produc-

tion rates in a short time at lower temperatures, while intermediate temperatures of above 50 °C can accelerate 

the hydration reaction of the oxide layer. Herein, the mixture of NaOH and NaAlO2 catalysts was employed to 

attain a stable NaAlO2 solution and continuous reaction of NaOH and aluminum. This research analyzes the influ-

ence of temperature between 32 and 80 °C on the aluminum, 0.3 M NaOH and 0.001 M NaAlO2 catalysts solution 

at atmospheric pressure. All solutions produces a similar hydrogen yields and rate. Solutions containing NaAlO2 

indicate reverse reaction that surpressing the Al(OH)3 precipitation. Residue from the reaction is investigated us-

ing X-ray Diffraction (XRD), Fourier Transform Infra Red (FTIR), and Scanning Electron Microscope (SEM). The 

volume of hydrogen produced is evaluated using a mathematical mass reduction and shrinking core model. The 

rate of hydrogen production depends largely on the aqueous solution's temperature, with an activation energy of 

47.4 kJ/mol. Based on the findings, it is readily apparent that the reaction only produced gibbsite and bayerite, 

with gibbsite and bayerite being dominant at 32–70 °C and 80 °C, respectively. The mass reduction model fits well 

with the present results with only an average 5.1 ml deviation, whereas the shrinking core model generally tends 

to result in underestimated values with an average deviation of 23.9 ml. 
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1. Introduction 

The increasing demand for energy for human 

needs, the depletion of fossil fuels, and growing 
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environmental awareness have led most re-

searchers to seek new and renewable energy 

sources [1–3]. The Energy Information Admin-

istration (EIA) predicts that global energy de-

mand will increase by 25% by 2050, driven by 

population and economic growth, while the 
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share of renewable energy is expected to grow 

from 14% in 2015 to 22% by 2060 [4]. There-

fore, to balance the pace of renewable energy 

consumption and mitigate negative environ-

mental impacts, a transition and diversification 

of energy sources toward sustainable renewa-

ble power generation is required. One promi-

nent area of renewable energy development 

currently being pursued by researchers is the 

production of hydrogen as an energy carrier 

and fuel source [5–8]. 

Hydrogen is classified as a renewable and 

clean energy source because its combustion 

process does not produce pollutants like CO 

and CO2 gases [9,10]. There are various meth-

ods for producing hydrogen, including coal gasi-

fication [11-13], water electrolysis [14-17], nat-

ural gas steam reforming [18-20], water split-

ting [24-26], and hydride chemical reactions 

[27]. However, each of these methods has its 

drawbacks, such as high cost, low efficiency, 

environmental pollution, and the need for ex-

ternal energy sources derived from fossil fuels. 

The hydrolysis reaction between metal and wa-

ter is one of the most promising ways to pro-

duce clean and cost-effective hydrogen. This 

method has been extensively studied over the 

past few decades. Some of the metals studied 

for hydrogen generation performance include 

aluminum [28], magnesium [29], and zinc [30]. 

In recent years, aluminum–based renewable 

energy technology has been massively re-

searched as a high-energy-density alternative 

hydrogen source [31]. Aluminum waste is abun-

dantly available, making it a more environmen-

tally friendly method [32]. The energy in alumi-

num can be released through a reaction with 

water to produce heat and hydrogen. Therefore, 

aluminum has the potential to be a more effi-

cient hydrogen producer compared to other 

metals.  

At room temperature, hydrogen production 

from the aluminum–water reaction is hindered 

due to the presence of an aluminum oxide 

(Al2O3) layer on the surface of aluminum, 

which prevents direct contact between water 

and aluminum. This phenomenon is known as 

passivation [31]. Several methods have been 

employed to address this issue, including the 

addition of NaAlO2 to inhibit the formation of 

the Al2O3 layer and the introduction of alkali 

promoters / catalysts [33], hydroxide materials 

[28], as well as alloys or dopants [3] during the 

hydrolysis process. The addition of catalysts 

serves not only to eliminate the Al2O3 layer but 

also to lower the activation energy and acceler-

ate the reaction. Commonly used catalysts in 

the aluminum–water reaction are hydroxide 

catalysts like NaOH and KOH, with NaOH be-

ing more suitable due to its cost-effectiveness 

while yielding similar hydrogen results [28]. 

The mixture of NaOH and NaAlO2 has been 

known to be applied for the surface treatment 

of aluminum and its alloys, particularly for 

plasma electrolytic oxidation. The process 

depends on the stability of the alkaline 

solution by which the addition of NaOH in 

NaAlO2 solution can lead to a stable solution, 

i.e. retention of aluminate ions (Al(OH)4−) to 

decompose into Al(OH)3 [34]. Generally, the 

aluminum in an alkaline solution reacts as 

follows [35]: 

 

2Al + 6H2O + 2NaOH → 2NaAl(OH)4 + 3H2 (1) 

NaAl(OH)4 → NaOH + Al(OH)3 (2) 

 

The first reaction indicates that as the 

hydrogen is released, a hydrated sodium 

aluminate is formed. This hydrated sodium 

aluminate is then decomposed into NaOH and 

Al(OH)3 when the aluminate concentration 

exceeds its saturation limit as seen in the 

second reaction [36]. The main challenge in 

controlling the production of hydrogen lies in 

the understanding of the second reaction as the 

equilibrium is not exclusive.  The primary goal 

of this research is not to improve the 

precipitation of Al(OH)3, but to NaOH regener-

ation by facilitating a sufficient amount of 

aluminate leading to further decomposition. 

Since hydrogen is generated through the first 

reaction, controlling the second reaction is 

important. 

The equilibrium’s constant changes as a re-

sult of a temperature rise, which causes an in-

crease in the equilibrium concentration of 

NaAl(OH)4. This rise in NaAl(OH)4 equilibrium 

concentration creates a greater NaOH equilib-

rium concentration. As a result, the sodium hy-

droxide concentration is substantially higher, 

leading to an increased hydrogen flow rate. Ac-

cording to Le-Chatelier’s principle [37], when 

an equilibrium reaction’s conditions are 

changed, the position of equilibrium shifts to 

counteract the change to reestablish the equi-

librium. Applying this principle to reaction (2), 

if NaOH is removed, the equilibrium shifts to 

the right of the reaction. Then, higher quanti-

ties of NaOH are produced while the amount of 

Al(OH)3 produced is reduced. 

The effect of catalysts on reaction kinetics 

can be approximated through mathematical 

modeling. Atmospheric methods can be mod-

eled either as a shrinking core or through a 

mass reduction model [38]. The shrinking core 

model examines the entire aluminum hydra-
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tion process, including the formation of hydrox-

ide products based on reaction stages. On the 

other hand, the mass reduction method, as pro-

posed by Berna et al. [39], focuses on the active 

surface and is related to the rate of thickness 

reduction over time. Studies on the kinetics 

and mechanisms of hydrogen production from 

the aluminum–water reaction have been con-

ducted [32]. However, there has been no inten-

sive modeling of the kinetics of hydrogen pro-

duction from aluminum–water using hydroxide 

promoters under atmospheric conditions. The 

influence of temperature and catalysts on hy-

drogen yield is also discussed. Reaction kinetics 

are analyzed to determine the effect of temper-

ature on the reaction, approximated through 

shrinking core and mass reduction modeling. 

 

2. Materials and Methods 

2.1 Materials 

The aluminum used is in the form of bever-

age can waste aluminum with a thickness of 

0.65 mm. Sodium hydroxide (NaOH), sodium 

aluminate (NaAlO2), and distilled water were 

purchased from PT Sumber Ilmiah Persada, 

Surabaya, Indonesia. 

 

2.2 Pretreatment of Beverage Cans Aluminum 

The can’s lid and bottom part were removed 

because they were made from different alumi-

num alloys. The outer surface of the can was 

cleaned to remove the protective paint and pol-

ymer coating that covered both the outside and 

inside of the can through polishing using SiC 

abrasive paper of 400 grit. The major polymeric 

coating used in cans is epoxy resin to prevent 

the soda from reacting with aluminum. This 

cleaning procedure is undertaken until the 

painted surface is removed completely. The 

aluminum can is subsequently cut into pieces 

having dimensions of 2×3 cm2.  

 

2.3 Aluminum–Water Reaction 

In the atmospheric reactor experiment, 0.2 

g of aluminum waste is reacted with a mixture 

of 0.3 M NaOH and 0.01 M NaAlO2 solution in 

a four-necked flask. The reaction is conducted 

at varying temperatures of 32, 40, 50, 60, 70, 

and 80 °C, with observations made every 10 

min. The atmospheric reactor used for the alu-

minum–water reaction consists of a four-

necked flask connected to an inverted burette 

to measure the volume of hydrogen produced. 

The change in water level in the inverted bu-

rette was used to calculate the amount of H2 

gas produced and measurements were repeated 

three times for each condition, resulting in a 

relative standard deviation of about 3%. From 

the obtained H2 production curve, one can esti-

mate the maximum flow rate from its maxi-

mum slope and its respective standard devia-

tion was 0.18 cm3.min−1. The concentration and 

temperature of the generated hydrogen reac-

tion are measured using an MQ-8 sensor and 

thermocouple connected to an Arduino, which 

is linked to a computer for data reading (see 

Figure 1).  

The percent yield of hydrogen was 

estimated by using the following equation [6]: 

 

(3) 

 

Figure 1. Instrumentation scheme for an atmospheric reactor. 

2

2

% 100%
Actual H yield

Yield
Theoretical H yield

= 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (4), 2023, 618 

Copyright © 2023, ISSN 1978-2993 

The following equations were used to 

determine the theoretical hydrogen yield [28]: 
 

(4) 
 

 

(5) 

 

where, P is the pressure (1 atm), R is the gas 

constant 0.0821 L.atm/(mol.K); T is the operat-

ing temperature (K); n is the molar of hydro-

gen, and V is the theoretical hydrogen yield. 

 

2.4 Characterizations 

X-Ray Fluorescence (XRF) analysis (Thermo 

Scientific NitonTM XL3T) was conducted on 

the aluminum waste cans before the reaction to 

determine the elemental composition of the 

aluminum waste. The results of the aluminum 

waste can composition are presented in Table 

1, which closely approximates the aluminum 

series AA3105. Final characterization after the 

reaction included X-Ray Diffraction (XRD), 

Fourier-Transform Infrared Spectroscopy 

(FTIR), and Scanning Electron Microscopy with 

Energy Dispersive X-Ray Spectroscopy (SEM-

EDX). XRD testing (Phillips X'pert MPD) was 

performed to ascertain the crystal structure of 

the reaction products. FTIR (Thermo Nicolet 

i510) was employed to identify the functional 

groups present in the final residue of the alu-

minum waste at a wavenumber ranging from 

500 to 4000 cm−1. pH was measured by using 

pH meter Mettler Toledo S220. 

 

2.5 Mathematical Model and Data Analysis 

The measured volume data at each tempera-

ture variation is compared using mathematical 

modeling. The thickness of the aluminum can 

waste in the slab-shaped aluminum modeling is 

utilized to predict the reaction time from the 

start of the reaction until total completion, con-

sidering the smallest side since it will be con-

sumed first, assuming that the rate of alumi-

num hydration on each side is the same. The 

mass reduction model (MRM) proposed by Ber-

na et al. [39] and the shrinking core model 

(SCM) by Wang et al. [38] are employed. 

The aluminum can waste is modeled as 

shown in Figure 2, where p is the thickness of 

the sheet, a is the width, and L is the length. 

The rate of aluminum being consumed depends 

on the thickness reduction e (mm/minutes) of 

all active surfaces as a function of time t. This 

model is valid up to the thickness p is all con-

sumed. Hence, in the mass reduction model, 

the calculation of the active aluminum surface 

area is described in Equation (6): 

 

(6) 

 

where, e represents the aluminum reduction 

rate, WAl,0 is the initial mass, rAl is the alumi-

num density, and η is the aluminum purity 

percentage. The aluminum purity percentage 

is obtained from XRF data (Table 1). From the 

surface area value, the theoretical volume of 

hydrogen is calculated using Equation (7) [39]. 

 

(7) 

 

Equation (8) represents the SCM equation in 

the form of a slab. The SCM is developed with 

a three-phase reaction approach, including thin 

film diffusion, chemical reaction, and ash con-

trol diffusion (Equations (9)–(11)). 

 

(8) 

 
 

(9) 
 

(10) 

 

(11) 

 

Wang’s mathematical model is modified for a 

slab geometry as follows: 
 

(12) 

 

Element Composition (%) 

Al 93.4 

Si 0.4 

Mn 3.2 

Fe 1.8 

Cu 0.9 

Zn 0.3 

Table 1. The results of the XRF analysis of the 

aluminum can composition. 

Figure 2. Mathematical modeling of aluminum 

reaction.  
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3. Results and Discussion 

3.1 Hydrogen Production with NaOH+NaAlO2 

Catalyst 

The influence of temperature on the volume 

and concentration of hydrogen is explained by 

the phenomenon that at higher operating tem-

peratures, the reaction occurs faster, resulting 

in higher hydrogen yields (Figure 3). Hydrogen 

production increased from 0.13 mmol/gram to 

0.54 mmol/gram at room temperature (32 °C to 

80 °C) due to increased molecular movement 

and higher mass transfer rates. The volume of 

hydrogen produced also increased significantly 

from 160 mL to 240 mL. According to 

Kandasamy et al. [41], during hydrogen 

production, the aluminum concentration at the 

surface decreases as the formation of a diffu-

sion-controlled layer on the surface progresses, 

leading to a continuous decrease in aluminum 

thickness as the temperature increases. This 

drives the dissolved species away from the re-

active surface. Since it is controlled by 

diffusion, the increase in the reaction tempera-

ture improves the hydrogen generation rate 

and the hydrogen yield (Figure 4). The energy 

activation obtained from a temperature-

dependent series via Arrhenius approximation 

for NaOH+NaAlO2 solution is 47.4 kJ/mol. This 

value is still in the range obtained for NaOH 

only as reported by Zhuk et al. [42], for high-

purity aluminum (greater than 99.9%), i.e., of 

about 46-53 kJ.mol−1 in a temperature range 

Figure 3. (a) Volume and (b) Concentration of 

hydrogen over time. 

Figure 4. The hydrogen yield of NaOH and 

NaAlO2 solution as a function of reaction tem-

perature. 

Figure 5. (a) The volume of hydrogen produced 

from different solutions (b) pH of solution over 

reaction time measured at room temperature. 
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from 293 K to 343 K. But this energy activation 

value is smaller compared to that of obtained 

for NaAlO2 only, i.e., 71 kJ.mol−1 as reported by 

Soler et al. [36] indicating the process still 

relies on NaOH. 

Figure 5(a) shows the comparison of 

hydrogen yields among three different 

solutions, i.e. NaOH, NaAlO2, and 

NaOH+NaAlO2 for the same solution’s pH of 

about 13. This indicates that the obtained 

yields and the reaction rate among these 

solutions are almost similar. To clarify the 

difference among the three solutions, a 

continuous pH measurement was undertaken 

during the hydrogen production. As seen in 

Figure 5(b), the pH remained stable in NaOH 

solution, indicating that the balance between 

OH− consumption and re-emergence remained. 

The pH slightly decreased in NaAlO2 and 

NaOH+NaAlO2, suggesting that the consump-

tion of OH− ions was more than the re-

emergence. It implies that during the 

decreasing pH reverse reaction (2) takes place 

surpressing the precipitation of Al(OH)3. Once 

the accumulation of OH− was high enough, the 

regeneration of NaOH and further continuous 

Al consumption occurred. Addition of NaOH in 

NaAlO2 shows a pronounced surpressing 

Al(OH)3 precipitation at the time longer than 

that of solely NaAlO2 solution as expected from 

Cheng et al. [34]. 

 

3.2 Mechanism of Aluminum–Water Reaction 

with NaOH+NaAlO2 Catalyst Support 

The following process is based on the 

mechanism proposed by Yavor [43]. In the alu-

minum–water reaction, it is estimated that a 

hydration reaction occurs in three stages 

(Figure 6). In the initial stage, the hydration of 

the protective layer of Al2O3 from the surface of 

aluminum particles takes place. The non-

porous Al2O3 layer on the surface is then re-

placed by a porous AlOOH layer. However, hy-

drogen formation is not yet maximized at this 

stage. Subsequently, in the rapid reaction 

stage, water penetrates the AlOOH layer and 

react with unreacted Al cores. Once the entire 

alumina layer is transformed into the AlOOH 

layer, the reaction rate is controlled by the thin 

new AlOOH film layer. Water diffuses through 

the holes on the surface of the AlOOH layer 

and react with Al cores, and this process con-

tinues until all the Al cores react with water. 

This process relies on the diffusion of water 

towards the Al cores, where the diffusion 

coefficient depends on activation energy and 

temperature.  

The byproducts of the reaction determine 

the favorability of the reaction to occur.  By 

adding a solution of NaAlO2, various types of 

aluminates appear in the solution, including 

polymeric aluminate ions that act as nuclea-

tion centers for the formation of Al(OH)3 crys-

tals on the surface of aluminum [44]. The for-

mation of the Al(OH)3 layer on the aluminum 

surface captures water molecules, enabling the 

de-passivation effect of aluminates [36]. Thus, 

facilitating the reaction between aluminum 

and water to continue but at a lower rate. Alu-

minum hydroxides as byproducts are in the 

form of solid precipitates.  

 

Figure 6. Mechanism of hydrogen formation from aluminum–water in the three phases of aluminum 

hydration kinetics. 

Model 
Temperature (°C) 

32 40 50 60 70 80 

Shrinking core model 5.5 5.8 6.8 3.9 4.1 4.4 

Mass reduction model 15.7 10.0 26.7 26.4 31.7 32.9 

Table 2. Average standard deviation (in mL) for the reaction kinetics model at different temperature. 
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3.3 Reaction Kinetics Modeling 

The volume of hydrogen generated was eval-

uated by comparing the Mass Reduction Model 

(MRM) and the Shrinking Core Model (SCM) 

(Figure 7). It can be observed that the MRM is 

closer to the research results (Table 2). This is 

because the MRM observes the reduction in 

aluminum thickness over time. In the MRM, 

the thickness of the aluminum slab can be used 

to estimate the start and end times of the reac-

tion, which can be observed on the thinnest 

side of the slab. In the kinetics of the reaction 

process, the thinnest side of the aluminum slab 

will degrade first, assuming that the hydration 

rate on each side is the same [39]. This process 

occurs gradually until the final stage, where 

the part of the slab that is nearly degraded will 

float and disappear from the edge towards the 

center of the aluminum slab.  

On the other hand, SCM refers to the three-

phase approach controlled by thin-film diffu-

sion, chemical reaction, and ash control diffu-

sion [38]. The SCM is created by assuming that 

aluminum particles are spherical and remain 

in that form during the oxidation process. Ad-

ditionally, the chemical reaction occurs at the 

interface between aluminum and reaction 

products, while the temperature in the reaction 

zone remains constant during oxidation. An-

other assumption is that the oxidation reaction 

consists of three stages, where the induction 

stage is the first stage, and the second and 

third stages involve relatively rapid oxidation 

with kinetic limitations and the rate of water 

diffusion through the thick layer of oxidation 

products. This model can describe the second 

and third stages of the reaction well, but the 

proposed approach to describe the induction 

stage is still not accurate because there is no 

significant change in aluminum particles dur-

ing this stage, and the reaction rate is still low. 

Previous research has reported that SCM is 

more suitable for faster reactions, while mass 

reduction modeling is more suitable for slower 

reactions. The results obtained suggest that 

aluminum with thinner thickness can be ap-

proximated with the SCM, while aluminum 

with thicker thickness can be approximated 

with the mass reduction model [45]. 

 

3.4 Characterization of Aluminum 

XRD patterns of the Al samples after reac-

tions at various operating temperatures show 

peaks indicating the presence of Al(OH)3 gibbs-

ite and bayerite (Figure 8). In the aluminum 

can samples at temperatures of 40, 60, and 80 
oC, dominant gibbsite and bayerite peaks were 

observed on the lattice planes (001), (110), 

Figure 7. Comparison of the Mass Reduction 

Model (MRM) and the Shrinking Core Model 

(SCM) in reaction kinetics modeling. 

Figure 8. XRD patterns of aluminum can waste 

residues after reactions at various operating 

temperatures. 

Temperature (°C) 
Residues (%) 

Gibbsite Bayerite 

30 99.5 0.05 

40 86.2 13.8 

50 75.4 24.6 

60 90.7 9.3 

70 57.2 42.8 

80 0.7 99.3 

Table 3. Aluminum–water reaction residues 

from XRD characterization. 
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(112), (31−1), (30−1), (31−1), and (−214). Peak 

validation displayed in the samples was per-

formed using software with data from the Crys-

tallography Open Database as a reference. The 

data were obtained using the COD ID 9008237 

(gibbsite) and COD ID 9010964 (bayerite) ap-

proaches. Based on Figure 8 the reaction prod-

ucts consist of characteristic spectra of alumi-

num hydroxides (gibbsite and bayerite) with 

the highest percentage as listed in Table 3. No 

Al patterns were observed in the products, indi-

cating that the reaction has been fully pro-

cessed, and all the waste Al can samples have 

been converted into aluminum hydroxides. 

Therefore, it can be said that Al and water mol-

ecules as raw materials have reacted complete-

ly with the assistance of an alkaline solution as 

a catalyst.  

According to Addai-Mensah et al. [46], 

gibbsite and bayerite always nucleate at 

temperatures below 65 °C from caustic alumi-

nate solutions. Bayerite has a higher solubility 

than gibbsite [39] and when bayerite already 

coexists with gibbsite, it means that the actual 

solubility is significantly higher than gibbsite 

solubility used [47]. In Table 3, even though 

both gibbsite and bayerite coexist, up to 70 °C 

gibbsite remains predominant due to its 

tendency to nucleate profoundly [48], in 

addition, gibbsite is more stable than bayerite 

by about 8 kJ/mol [49]. At a temperature of 80 

°C, the gibbsite becomes less since only crystal 

growth occurs, giving rise to the formation of a 

few aggregates of gibbsite. Following XRD 

results, Figure 9 shows the SEM images of the 

byproducts which indicate the typical 

morphology of gibbsite and bayerite being 

dominant at low temperature and high 

temperature, respectively. 

Identification of Al−O and O−H functional 

groups formed from aluminum–water reaction 

residues using FTIR in the form of (Al(OH)3), 

bayerite, and gibbsite was shown in Figure 10. 

The FTIR spectra of gibbsite generally show 

absorption bands in the range of 3700–3200 

cm−1, while bayerite exhibits absorption bands 

Figure 9. Morphology of reaction products at temperatures of (a) 32 °C and (b) 80 °C. 
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in the range of 3500–3100 cm−1, which corre-

sponds to the stretching vibrations of O−H 

bonds in hydroxyl groups of minerals. O−H 

(stretching) functional groups in the mixed 

phase (bayerite, gibbsite) were found at wave-

lengths of 3299, 3280, 3277, 3268, and 3265 

cm−1, representing extensions of AlO4 as ob-

served in a study by Prabu et al. [50].  

Other broad absorption bands for gibbsite 

are observed in the range of 1650–1400 cm−1, 

while bayerite is observed in the range of 1700–

1400 cm−1, distributed in the bending vibra-

tions of O−H bonds. O−H (bending) functional 

groups in the mixed phase were found at wave-

lengths 1651, 1648, 1641, 1569, 1563, 1560, 

1559, and 1555 cm−1, corresponding to the vi-

brations of AlO6. In the spectra of gibbsite and 

bayerite, there are weak absorption bands in 

the ranges of 800–400 cm−1, 1000–600 cm−1, 

and 1200–800 cm−1, which are caused by Al−O 

bonds in minerals. Al−O functional groups in 

the mixed phase appear at wavelengths of 

1179, 1157, 1155, 1153, 976, 973, 972, 966, 961, 

847, 845, 844, 764, 757, 756, 667, 666, 660, and 

658 cm−1, corresponding to the vibrations of 

AlO6. The broad (bending) O−H wavelengths 

indicate the presence of weaker hydrogen 

bonds, while the sharp (stretching) O−H wave-

numbers indicate strong and concentrated hy-

drogen bonds [51]. From the residue spectrum, 

it can be analyzed that both bayerite and gibbs-

ite structures are present, which is in accord 

with the XRD and SEM results. 

 

4. Conclusions 

In this work, the mixture between NaOH 

and NaAlO2 catalysts was used to modify the 

water ionic species, and the modification mech-

anism was clarified. Hydrogen production from 

solution mixture has similar yields and rate 

compared to those of NaOH and NaAlO2 

solutions. However, the reverse reaction has 

occurred for both NaAlO2 and mixture 

solutions causing Al(OH)3 surpression. From 

the two studied models, the MRM fits the 

experiments with an average standard 

deviation of 5.1 mL, while the SCM tends to 

show underestimated values with an averaged 

standard deviation of 23.9 mL. It was found 

that both gibbsite and bayerite coexist at all 

temperatures studied in the byproducts and 

the phase transformation of transition of both 

phases strongly depends on the temperature, 

where gibbsite and bayerite become dominant 

at temperatures below 70 °C and 80 °C, 

respectively. 
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