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A B S T R A C T   

In recent years, geopolymers have been widely utilized as a potential alternative to ordinary Portland cement 
(OPC) to address issues related to CO2 emissions and solid waste management. Unlike OPC, the mix design of 
geopolymers involves different parameters such as aluminosilicate precursors, alkaline activators, curing con-
ditions, silica/alumina ratio, and liquid/binder ratio, to achieve satisfactory mechanical and structural proper-
ties. However, little is known about the trends and development of geopolymer research in Sub-Saharan Africa. 
Therefore, this study aims to examine the bibliometric status quo to understand the evolution and progress of 
geopolymer research in Sub-Saharan Africa (SSA) in the last 10 years. Scopus database and VOSviewer software 
were used for bibliometric data retrieval and network visualization. A total of 251 publications were retrieved 
from Scopus and showed steady growth from 2012 to 2022. It is found that the Construction and Building 
Materials journal (impact factor of 7.693 and h-index of 198) is the leading publication source having 41 
publications and 1488 citations. The top journals in terms of average citation per publication are Ceramics In-
ternational (n = 53.22), Construction and Building Materials (n = 36.29), and Cement and Concrete Composites 
(n = 36.2). Keywords with the highest occurrences are geopolymers, inorganic polymers, and compressive 
strength. Authors with the highest number of publications are Elie Kamseu (n = 56), Cyriaque Rodrigue Kaze (n 
= 37), and Herve Kouamo Tchakoute (n = 34) whilst those with the highest average citation per publication are 
Antoine Elimbi (n = 68.5), Patrick Lemougna (n = 44.36), and Uphie Chinje Melo (n = 33.4). The SSA countries 
with the highest number of publications are Cameroon (n = 117), Nigeria (n = 58), and South Africa (n = 44) 
contributing 45.45%, 22.57%, and 17.12% of the total publications, respectively. Compared to global publica-
tion trends, geopolymer research remains underexplored in SSA contributing less than 4.3% of worldwide 
geopolymer publications. Therefore, this bibliometric study provides insights into the scientific agenda and 
evolution status of geopolymer research in SSA to foster and identify future collaborative research areas and help 
address CO2 emissions and solid waste management concerns in the built environment which is in line with 
circularity and sustainable development goals number 9, 11, 12, and 13.   

1. Introduction 

Ordinary Portland Cement (OPC) is the largest manufactured prod-
uct on Earth by mass and is key for concrete production [1]. The global 
production of OPC is believed to reach 5 billion tonnes per annum in the 
next 30 years [2]. However, the manufacturing of OPC contributes about 
8% to global anthropogenic CO2 emissions [3,4] and is bound to in-
crease as the global demand for OPC increases. This has sparked pres-
sure from environmental regulatory authorities prompting the cement 

industry to minimize CO2 emissions and adhere to sustainable devel-
opment goals. An increase in urbanization and industrialization has led 
to an increase in construction projects and hence a significant demand 
for more sustainable cementitious materials. Furthermore, an escalation 
of industrial processes such as mining operations, agricultural process-
ing, fertilizer manufacturing, and thermal production, has significantly 
increased the production of industrial by-products and/or waste. The 
disposal of generated industrial waste poses a risk to the environment 
and hence requires a circular economy approach to reuse it e.g., to 
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produce alternative eco-friendly cementitious materials for sustainable 
infrastructural development [5]. Among the various types of viable al-
ternatives to OPC [6], geopolymer has gained wider research interest [7, 
8] and has been extensively studied [9–11] due to its comparable 
physicomechanical properties [12], low CO2 emission [13,14], reduced 
embodied energy [15], heat and fire resistance [16,17], resistance to 
aggressive environments [18,19], sustainability [20,21], and circularity 
[22,23]. Geopolymer is considered a third-generation cement after or-
dinary Portland cement and gypsum [24]. The term geopolymer was 
coined by a French scientist Professor Joseph Davidovits in 1978 [25,26] 
to represent an inorganic polymer product formed through the chemical 
reaction of aluminosilicate oxides (Al3+ in IV-fold coordination) with 
alkali hydroxide and silicate solutions yielding polymeric Si-O-Al bonds. 
When the aluminosilicate precursor is exposed to an alkaline solution, it 
undergoes dissolution, nucleation, oligomerization, polymerization and 
hardening to form the geopolymer network with a chemical formula of 
Mn[-(SiO2)z-AlO2]n⋅wH2O where n is the degree of polycondensation, z 
is 1, 2, 3 or 4 and M is a cation (K+, Na+, Ca2+). The amorphous to 
semi-crystalline three-dimensional silico-aluminate structures are of the 
following types: Polysialate (-Si-O-Al-O) having Si:Al= 1, 
Polysialate-siloxo (-Si-O-Al-O-Si-O) having Si:Al= 2, and 
Polysialate-disiloxo (-Si-O-Al-O-Si-O-Si-O-) having Si:Al= 3 [25,26]. 
Different parameters such as precursor material properties, alkaline 
concentration, Si/Al ratio, and curing temperature have an impact on 
the speed and degree of geopolymerization [2]. To get an optimal mix 
design and a better geopolymer product with favourable engineering 
properties, it is important to include many factors affecting geopolymer 
behaviour during the mix design stage. Just like geopolymers, 
alkali-activated materials (AAM) have been greatly researched [27–31] 
and were developed by a Soviet Union scientist Professor Victor Glu-
khovsky in the 1950 s [10,32]. AAM represents any binder system 
derived by the reaction of an alkali metal source (solid or dissolved) such 
as alkali hydroxides or silicates, with an aluminosilicate precursor such 
as metallurgical slag, natural pozzolan, fly ash, or bottom ash [33]. 
When the aluminosilicate precursor is exposed to an alkaline solution, it 
undergoes the dissolution/breaking of the covalent (Si-O-Si, Al-O-Al, 
and Al-O-Si) bonds, speciation equilibrium, gelation, reorganization, 
polymerization, and hardening to form an amorphous to 
semi-crystalline three-dimensional silico-aluminate structure. The AAM 
phases of the hydration products (N-A-S-H or C-A-S-H gels) formed are 
characteristic of the presence of R2O-Al2O3-SiO2-H2O, R2O-CaO-A-
l2O3-SiO2-H2O, and RO-SiO2-H2O where RO is Mg(Ca)O, and R2O is (Na, 
K)2O [34]. The type of hydration product formed is dependent on the pH 
of the medium, Ca/Si, and Si/Al ratios. Despite subtle differences in the 
gel structure of AAM and geopolymers, the reaction mechanisms of the 
aluminosilicate precursor in the alkaline solution are similar. Since the 
production process, properties, and applications of AAM and geo-
polymers are very similar, the present study adopted the term ‘geo-
polymers’ for its bibliometric analysis. 

Several authors have investigated the production and application of 
geopolymers in different environments. For instance, Kalombe et al. 
[35] studied the formulations and conditions of producing fly ash geo-
polymers without adding aggregates and Portland cement. The best 
geopolymer formulation with a compressive strength of 89.32 ± 7.1 
MPa consisted of a water/fly ash ratio of 0.025, 16 M NaOH, 
Na2SiO3/NaOH ratio of 2.5, 80 ◦C curing temperature, and a 28-day 
curing period. The roof tiles and paving bricks produced from their 
study met the SANS 1058:2012 and SANS 542:2012 specifications. The 
SANS 1058:2012 gives the performance requirements for concrete 
paving blocks comprising abrasion resistance of 15 g, water absorption 
of 6.5%, and splitting tensile strength of 2 MPa for Class 30/2.0 and 2.6 
MPa for Class 40/2.6 blocks [36]. The SANS 542:2012 gives the per-
formance requirements for roof tiles [37]. Naghizadeh and Ekolu [38] 
observed that the optimum compressive strength (60 MPa) for fly 
ash-based geopolymer mortars is found at a liquid/solid ratio of 0.5, 12 
M NaOH, Na2SiO3/NaOH ratio of 2.0, aggregate/binder ratio of 2.25, 

80 ◦C curing temperature, and a 7-day curing period. Temuujin et al. 
[39] compared the compressive strength of alkali-activated Class C 
Mongolian fly ash and Class F South African fly ash varying the 
Na2SiO3/NaOH ratios in the activator. It was found that the South Af-
rican Class F fly ash gained 28 MPa and the Mongolian Class C fly ash 
gained 24 MPa both using a Na2SiO3/NaOH of 50:50 wt%. Strength 
development in the Mongolian fly ash was attributed to the formation of 
C-S-H or C-A-S-H phases whilst strength for South African fly ash was 
attributed to condensation of the water glass followed by cross-linking of 
the polysiloxo chains into an aluminosilicate network. In another study, 
Tchadjié et al. [40] investigated the influence of incorporating activated 
bauxite on the mechanical properties and microstructure of volcanic ash 
geopolymer cement or binder composites. The optimum physical and 
mechanical properties comprising a compressive strength of 40.5 – 44.5 
MPa, lowest water absorption of 6.7%, and least volume of permeable 
voids of 14.8% were found at 15 wt% bauxite content (with a fineness of 
1000 – 1730 m2/kg), SiO2/Al2O3 ratio of 3.5, liquid activator/powder 
ratio of 0.6, water/powder ratio of 0.38, aggregate/powder ratio of 
2.25, 12 M NaOH, and Na2SiO3/NaOH ratio of 2.4. According to Ndlovu 
[41], a high percentage of silicon and aluminum in precursor materials 
e.g., fly ash, fosters the synthesis of zeolites and geopolymers. Guo et al. 
[42] utilized recycled glass powder as a partial replacement precursor of 
the metakaolin-based geopolymer to develop a sustainable geopolymer 
product. The glass powder substituted 0%, 5%, 10%, and 20% of the 
metakaolin in the geopolymer binder. The added glass powder increased 
the Si/Al ratio of the binder phase, increased the workability due to the 
relatively smooth surface of the glass particles and the low surface area 
which reduced the water demand to wet the solid precursor, and pro-
longed the setting time due to the relatively low reactivity of the glass 
powder which reduced the polycondensation rate of the mixtures during 
the reaction. The four-membered ring structures increased in the syn-
thesized geopolymer with up to 10% glass powder substitution pro-
ducing a denser binder structure. The elastic modulus of the formed gel 
increased with 10% and 20% glass powder substitutions whilst the 
highest compressive strength was observed at 5% glass powder substi-
tution. However, the compressive strength of the metakaolin-based 
geopolymer decreased beyond 10% glass powder substitution due to 
the relatively low reactivity of glass powder which provided weak re-
gions for micro-crack formation. Similar findings on the utilization of 
waste glass powder for geopolymer production were observed by Ade-
sina et al. [30] and El-Naggar et al. [43]. Studies by Ogwang et al. [44] 
and Buyondo et al. [45] inferred that the mechanical properties of rice 
husk ash-metakaolin-based geopolymer activated with Na2SiO3 and 
NaOH improved with an increase in curing time. Similarly, Falayi [46, 
47] observed that the compressive strength of geopolymers is directly 
proportional to curing temperature and time. In ref. [46], the increase in 
compressive strength was statistically significant up to 21 days and 28 
days of ambient curing for the aluminate-activated and silicate-activated 
FeCr slag geopolymers, respectively. In ref. [47], the increase in 
compressive strength of basic oxygen furnace slag-gold mine tailings 
geopolymers under accelerated curing temperature (50–90 ◦C) was 
attributed to an increase in molecular kinetic energy which increased 
the degree of reaction in the aluminosilicate network. For basic oxygen 
furnace slag-gold mine tailings geopolymers, 6-hour curing at 50 ◦C 
followed by 21 days of ambient curing was considered the optimum 
giving an unconfined compressive strength of 14.73 MPa whilst, for fly 
ash-gold mine tailings geopolymers, 6-hour curing at 90 ◦C followed by 
21 days ambient curing was considered the optimum giving an uncon-
fined compressive strength of 6.77 MPa. Sithole et al. [48] evaluated the 
potential use of basic oxygen furnace slag-fly ash (BOFS-FA) geopolymer 
in removing metals and sulphates and neutralizing acid mine drainage 
(AMD). Hydrogen Peroxide (H2O2) was used as a blowing agent to in-
crease the porosity of the BOFS-FA geopolymer at four different per-
centages (1.5%, 1%, 0.5%, and 0%). The four different geopolymers 
with distinct porosities were employed in different columns. It was 
found that over 99% removal efficiency of metals and sulphates was 
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achieved in the first 60 days of column studies. The dissolution of Ca 
(OH)2 was the main constituent responsible for the removal of acidity in 
AMD. In another study, Roopchund et al. [49] determined the effect of 
sawdust-based cellulose nanocrystals on the mechanical properties of fly 
ash geopolymers. It was found that low cellulose nanocrystals concen-
trations (less than 0.5%) yielded higher compressive strength of geo-
polymers due to its adhesive property which increased the bonding 
between particles. However, beyond the 0.5% inclusion of cellulose 
nanocrystals, the compressive strength of the geopolymer decreased due 
to the agglomeration of the cellulose nanocrystals leading to pores, 
voids, and air entrapment in the composite material. Similar findings 
were observed by Rahmawati et al. [50] and Cao et al. [51]. According 
to Dludlu et al. [52], geopolymers used in high-temperature applications 
are affected by the particle size influencing aluminosilicate reactivity, 
glass content influencing the amount of reactive material, Si:Al ratio in 
the glass phase controlling mechanical strength and thermal resistance, 
iron content influencing thermal stability, and calcium content influ-
encing setting time. 

Traditional review techniques are shown to be inadequate and biased 
in giving an ordered and systematic connection between distinct areas of 
the literature [53,54]. The bibliometric method depicts the knowledge 
trend of distinct research areas, provides information on the most active 
authors/countries, and gives insights into the past and future projections 
of research fields worldwide [11, 55–57]. Not only has the bibliometric 
method been used to analyze research trends in geopolymers [11,54,55, 
57] but it has also been used to analyze research trends in concrete [58], 
nanomaterials [59], zero-energy buildings [60], circular economy [61], 
sustainable construction [62], phosphogypsum valorization [63], bio-
economy [64], medicine [65], cloud computing [66] and wastewater 
treatment [67]. This shows the diversity of the bibliometric method 
worldwide and validates its applicability to the present study. A few 
authors have conducted bibliometric analyses of geopolymers in distinct 
areas. For instance, Alkadhim et al. [54] conducted a scientometric 
analysis of fiber-reinforced geopolymers using the Scopus database and 
VOSviewer software. They found that the most used keywords are 
inorganic polymers, geopolymers, reinforcement, geopolymer, and 
compressive strength. Furthermore, it was found that research on 
fiber-reinforced geopolymers is focused on improving mechanical per-
formance and durability to reduce brittleness and cracking. The leading 
countries in terms of publications were Australia, China, India, and the 
United States. The graphical illustration and quantitative contribution of 
authors, journals, and countries can support the development of joint 
ventures and the dissemination of innovative ideas. Yang et al. [55] 
conducted a bibliometric analysis on geopolymer composites and 
observed that there are gaps between research and industrial acceptance 
of geopolymers due to the need for precise mix design formulation and 
curing, technological problems associated with forms of usage, missing 
design standards, regulatory and product confidence barriers, and sup-
ply chain constraints. However, geopolymer technology offers an 
eco-friendly alternative to ordinary Portland cement and addresses the 
issue of environmental pollution [10,15,24,68,69]. Tian et al. [56] 
conducted a bibliometric analysis of fly ash-based geopolymer and 
observed that the development of fly ash-based geopolymer can be 
divided into 3 stages: the replacement of ordinary Portland cement, the 
development of multifunctional materials, and the reduction of envi-
ronmental impact by solid waste conversion. It was further found that 
the leading countries in terms of publications were China, Australia, 
India, and the United States contributing 16.45% (1st place), 10.14% 
(2nd place), 7.67% (3rd place), and 6.68% (4th place) of the 4352 total 
publications, respectively. This finding agrees with Matsimbe et al. [11] 
who observed that research in geopolymers is dominated by countries in 
Asia, Australia, America, and Europe. They further showed that North-
ern Africa dominates in geopolymer research in the whole of Africa and 
therefore recommended scaling up geopolymer research in Sub-Saharan 
Africa. However, they did not show the trends and patterns of geo-
polymer research in Sub-Saharan Africa (SSA). There is no available 

literature that has addressed this gap hence the motivation for the pre-
sent study. Sub-Saharan Africa is now prioritizing investment in scien-
tific research and innovation to boost its socio-economic development 
and transition to knowledge-driven economies. For example, in South 
Africa, the gross domestic expenditure on research and development 
(GERD) for 2020/21 was R33.541 billion where the Government, 
business community, and foreign institutions contributed 56.3%, 26.9%, 
and 13.3% of GERD, respectively [70]. According to the United Nations 
[71], the population of SSA stands at 1183,248,018 compared to 
Northern Africa’s population at 246,232,518. By 2060, the population of 
SSA is projected to reach 2.7 billion [72]. Compared to Northern Africa 
and any other region worldwide, the SSA is the least developed region 
[73,74] embattled with severe poverty, housing shortage, solid waste 
management, and increased demand for urbanization and industriali-
zation requiring more cementitious materials for construction projects. 
Hence, there’s a need to investigate the human capital development, 
promotion, and support of geopolymer research (eco-friendly material) 
in SSA as an alternative to OPC (eco-hostile material) to help address 
CO2 emissions and solid waste management (in terms of scale) and to 
competitively level up the geopolymer knowledge base with Asia, 
Australia, America, Europe, and Northern Africa whilst addressing sus-
tainable development goals number 9, 11, 12, and 13. The awareness 
level of geopolymers in SSA for use in the built environment remains 
relatively low due to limited research and development output which 
might hinder the advancement of new research, academic networks, and 
industry adoption. The key question to be addressed is whether 
Sub-Saharan Africa has the expertise and capacity to promote, collab-
orate, and strengthen scientific research in geopolymers. Therefore, this 
study seeks to fill the research gap by conducting a bibliometric analysis 
of the geopolymer research trends and progress in SSA and establishing 
empirical benchmarks for future investigations. 

2. Methodology 

This study applied the bibliometric method to statistically and 
quantitatively analyze the different aspects of the bibliographic data 
from 2012 to 2022. The most common scientific databases are Scopus, 
Web of Science, and Google Scholar [75]. However, the Scopus database 
is chosen to retrieve bibliographic data for the present study because it is 
considered the world’s largest academic citation and abstract database 
[76,77] and covers a comprehensive range of subjects and contents [60, 
78,79]. VOSviewer software, designed by Nees and Waltman [80,81], 
was used for bibliographic data visualization and network mapping 
based on citation, co-citation, co-occurrence, and co-authorship re-
lationships. Table 1 shows the inclusion criteria used for data retrieval in 
Scopus as of 9th November 2022. This study focused on the annual 
publication trend, keyword co-occurrence, and the contribution of 
publication sources, authors, top-cited publications, and countries. 

With reference to Table 1, the data extraction process is explained as 
follows. Firstly, the language used is English only and the search query 
comprised the keyword “geopolymer” on the topic (Title, Abstract, 
Keywords). Secondly, the search was limited to peer-reviewed scientific 
journal articles and reviews in “Engineering, Material Science, and 
Environmental Science” published between 2012 and 2022. Thirdly, the 
retrieved results were filtered to include Sub-Saharan African countries 

Table 1 
The inclusion criteria for data retrieval in Scopus.  

Option Inclusion Criteria 

Language English 
Publication date 2012–2022 
Subject area Engineering, Material Science, Environmental Science 
Source type Journal 
Document type Article, Review 
Country/Territory Sub-Saharan African countries  
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only. The inclusion of Sub-Saharan African countries differentiated the 
present study from previous studies [11, 55–57] to address the existing 
gap in the development status and trend of geopolymer research in SSA. 
Fourthly, the authors went through all the abstracts to ascertain the 
relevance of the retrieved articles to the present study as well as to 
remove duplicates if any. Finally, the remaining bibliographic data was 
exported to VOSviewer version 1.6.18 in CSV format to construct and 
visualize the bibliometric networks based on citation, co-citation, 
co-occurrence, and co-authorship relationships. 

3. Results and Discussion 

3.1. Annual publication trend 

Based on the Scopus database and the inclusion criteria in Table 1, 
this study retrieved 251 publications on geopolymers in SSA for the 
period 2012–2022. According to [67], the number of yearly publications 
can reflect the development trend in that specific field. It can either 
showcase a growing interest in a research area or no focus at all. Fig. 1(a) 
shows the yearly publication trend of geopolymer research in SSA from 
2012–2022. The research in geopolymer has had a steady growth 
starting with 2 publications in 2012–73 publications by 9th November 
2022, giving an annual growth rate of 43.29%. Cumulatively, the trend 
increased from an initial stage of 2 publications to an upward gradual 
trend reaching 251 publications. Fig. 1(b) shows that the exponential 
regression of publications was significant with an R-squared (R2) value 
of 0.9901 denoting a positive trend in geopolymer research in 
Sub-Saharan Africa. Compared to global publication trends, geopolymer 
research remains underexplored in SSA contributing less than 4.3% of 
total worldwide geopolymer publications. This agrees with Matsimbe 
et al. [11] and Olonade [82] who observed that geopolymer research is 
still emerging in most African countries. China, India, Australia, and the 
USA rank first, second, third, and fourth in global geopolymer devel-
opment contributing 16.1%, 12.75%, 9.33%, and 6.46% to worldwide 
geopolymer publications, respectively [11]. This clearly shows a low 
publication trend of geopolymer research in SSA compared to other 
continents and requires greater support to expand the research and 
development of geopolymers. 

Fig. 1 shows that there was a decline in publications in 2014 and then 
a gradual rise in publications from 2015. The increase in geopolymer 
research publications can be attributed to the growing interest in the 
circular economy approach, solid waste management, and the United 
Nations sustainable development goals (SDG) number 9, 11, 12, and 13 
adopted in 2015 [83]. This finding agrees with Det Udomsap [62] and 

Mhlanga et al. [61] who observed that sustainable construction and 
circular economy is a game changer within the construction industry as 
it addresses challenges in waste management, pollution, climate change, 
and material extraction. Furthermore, the United Nations Habitat 
Report 2011 [84] emphasizes the need to produce cost-effective and 
eco-friendly building materials in Africa. Therefore, the publication 
trend from the present study infers that research in geopolymer will 
continue to grow exponentially due to policies implemented to improve 
the built environment locally and globally. However, the research 
output in Sub-Saharan Africa is still marginal compared to Asia, 
Australia, America, and Europe [11] hence the need to scale up geo-
polymer research and establish development centres in Sub-Saharan 
Africa which is regarded as an emerging region. 

3.2. The contribution of publication sources 

This study also examined the leading journals for geopolymer pub-
lications in Sub-Saharan Africa. It is imperative to get a perspective on 
the contribution of publication sources to the knowledge dissemination 
of geopolymer research. The metrics used to measure the importance of 
a journal were the Hirsch index (H-index) and journal impact factor 
(JIF). Authors [11,67,85] used a similar technique of H-index and JIF to 
check the influence, authority, and relative quantitative characteristics 
of a journal within its field. Table 2 ranks the top publication sources for 
geopolymer research in SSA. Construction and Building Materials 
(n = 41), Silicon (n = 15), Case Studies in Construction Materials (11), 
and Materials (n = 10) are the top four publication sources for geo-
polymer research in terms of the number of publications. Furthermore, 
Construction and Building Materials (n = 1488), Ceramics International 
(n = 749), Case Studies in Construction Materials (n = 287), and Jour-
nal of Building Engineering (n = 266) have the highest total number of 
citations. However, Ceramics International has the highest average 
number of citations (n = 53.22) followed by Construction and Building 
Materials (n = 36.29) and Cement and Concrete Composites (n = 36.2). 
Interestingly, most journals with an H-index greater than 100 and a JIF 
greater than 3, have a total number of citations greater than 100 
compared to the rest of the journals. The only exception is Case Studies 
in Construction Materials with an H-index of 36 and Journal of Building 
Engineering with an H-index of 54 which also have a total number of 
citations greater than 100. It can be inferred from Table 2 that the total 
and average number of citations is not always proportional to the 
number of publications within the field. 

Fig. 2 shows the network visualization of the top publication sources 
for geopolymer research. It depicts that there are 3 clusters/groups of 

Fig. 1. (a) Yearly publication trend (b) Exponential regression of publications.  
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journals interrelated and linked in citation. The journals in Cluster 1 
(green colour) comprise Construction and building materials, Case 
studies in construction materials, Materials, and Advances in materials 
science and engineering. The journals in Cluster 2 (red colour) comprise 
Silicon, Journal of building engineering, Materials chemistry and 
physics, and Cleaner materials. The journals in Cluster 3 (blue colour) 
comprise Cement and concrete composites, Ceramics international, and 
Sn applied sciences. The size of the circle indicates the document count 
of that journal i.e., the bigger the circle size the higher the number of 
published documents. Construction and Building Materials journal has 

the biggest circle size implying its relevance and impact in disseminating 
geopolymer research. This finding agrees with authors [55,57], and [11] 
who observed that Construction and Building Materials is a leading 
journal on geopolymer research publications. Furthermore, the close-
ness of journals within/between Clusters indicates the connection and 
interrelationship between the journals. For example, Construction and 
Building Materials has a closer relationship with Silicon than Ceramics 
International. 

3.3. Keyword co-occurrence 

Keyword co-occurrence analysis is carried out to examine the core 
areas and hotspots of the research domain. Table 3 shows the most 
occurring keywords in geopolymer research conducted in SSA. The top 
most used keywords comprise Geopolymers (n = 189), Inorganic poly-
mers (n = 186), and Compressive strength (n = 134). The popularity of 
these keywords can be attributed to the increased need to further un-
derstand the link between the chemical, microstructure, and mechanical 
behaviour of geopolymers. This finding agrees with authors [11,54], and 
[57] who also found that inorganic polymers, geopolymers, and 
compressive strength are the commonly occurring keywords in geo-
polymer publications worldwide. 

Fig. 3 shows the visualization of the leading keywords in geopolymer 
research domains. There are three clusters/groups identified in the 
network visualization comprising Cluster 1 (red colour), Cluster 2 (green 

Table 2 
Top 10 publication sources.  

S/ 
N 

Source Number of 
Publications 

Total 
Citations 

Average 
Citation 

JIF H- 
index 

1 Construction 
and Building 
Materials  

41  1488  36.29  7.693  198 

2 Silicon  15  75  5  2.941  34 
3 Case Studies in 

Construction 
Materials  

11  287  26.09  4.934  36 

4 Materials  10  101  10.1  3.748  128 
5 Ceramics 

International  
9  479  53.22  5.532  126 

6 Materials 
Chemistry and 
Physics  

9  213  23.67  4.778  162 

7 Journal of 
Building 
Engineering  

9  266  29.56  7.144  54 

8 SN Applied 
Sciences  

7  69  9.85  2.679  28 

9 Advances in 
Materials 
Science and 
Engineering  

6  4  0.67  2.098  50 

10 Cement and 
Concrete 
Composites  

5  181  36.2  9.93  174  

Fig. 2. Network visualization of top publication sources.  

Table 3 
List of commonly used keywords in geopolymer publications.  

S/N Keyword Occurrence 

1 Geopolymers  189 
2 Inorganic polymers  186 
3 Compressive strength  134 
4 Sodium hydroxide  61 
5 Geopolymer concrete  60 
6 Fly ash  57 
7 Silicates  54  
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colour), and Cluster 3 (blue colour). The circles with larger sizes e.g., 
Geopolymers and Inorganic polymers, imply prominent keywords in 
geopolymer research compared to the other keywords with smaller 
circles. Compressive strength is the most important mechanical property 
in construction and building since the concrete material must sustain 
maximum structural load before failure. The compressive strength of 
geopolymers is mostly affected by the type of aluminosilicate precursor, 
type and concentration of alkaline activator, liquid/binder ratio, silica/ 
alumina ratio, and curing condition. Also of importance are the natural 
precursor materials keywords e.g., ‘metakaolin’ and ‘soils’, which are 
used standalone or alongside industrial waste materials such as fly ash, 
slags, and rice husk ash, to produce geopolymers with improved me-
chanical properties [55]. The presence of the keyword ‘soils’ can imply 

the usage of lateritic soils to produce geopolymers [86–88] and the 
usage of geopolymers in soil stabilization [89–91]. The major challenge 
with the usage of metakaolin or lateritic soils in geopolymer production 
is that their manufacture requires thermal activation (calcination) at 
temperatures ranging from 500◦ to 800◦C [55,86] thereby adding to the 
energy demand, CO2 emissions, and depletion of natural resources. 

3.4. Analysis of leading authors 

Recognizing the leading authors is a good performance indicator 
because progress in geopolymer research in SSA is dependent on authors 
conducting scientific research and publishing the results to advance 
knowledge and understanding. The authors listed in Table 4 have made 

Fig. 3. Network visualization of keyword co-occurrence.  

Table 4 
Leading authors based on publication and citation.  

S/ 
N 

Author Affiliation Publications Total 
Citations 

Average 
Citation 

Total Link 
Strength 

1 Elie Kamseu Local Materials Promotion Authority/MIPROMALO, Cameroon  56  1249  22.30  1229 
2 Cyriaque Rodrigue 

Kaze 
University of Yaounde I; Local Materials Promotion Authority/ 
MIPROMALO, Cameroon  

37  732  19.78  1232 

3 Herve Kouamo 
Tchakoute 

University of Yaounde I, Cameroon  34  1073  31.56  1051 

4 Uphie Chinje Melo University of Yaounde I; Local Materials Promotion Authority/ 
MIPROMALO, Cameroon  

25  835  33.4  800 

5 Jean Noël Yankwa 
Djobo 

Local Materials Promotion Authority/MIPROMALO, Cameroon  18  550  30.56  414 

6 Achile Nana University of Dschang, Cameroon  13  223  17.15  487 
7 Antoine Elimbi University of Yaounde I, Cameroon  12  822  68.5  201 
8 Patrick Lemougna University of Ngaoundere, Cameroon  11  488  44.36  187  
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the most outstanding contribution to the literature on geopolymers. Elie 
Kamseu affiliated with the Local Materials Promotion Authority has the 
highest number of publications (n = 56) followed by Cyriaque Rodrigue 
Kaze with 37 publications, and Herve Kouamo Tchakoute with 34 
publications, both from the University of Yaounde I in Cameroon. In 
terms of the total number of citations, the top three authors are Elie 
Kamseu (n = 1249), Herve Kouamo Tchakoute (n = 1073), and Uphie 
Chinje Melo (n = 835). Interestingly, Antoine Elimbi has the highest 
average citation of 68.5 followed by Patrick Lemougna with an average 
citation of 44.36. Furthermore, Cyriaque Rodrigue Kaze has the highest 
total link strength of 1232 indicating a stronger influence and connec-
tion with other authors both at local and international levels. All the 
leading authors shown in Table 4 are from Cameroon implying that the 
country has made the most significant contribution to geopolymer 
literature in SSA. This positive trend in Cameroon can be attributed to 
the promotion of using sustainable local materials in construction and 
the dissemination of building materials research by the Local Materials 
Promotion Authority (MIPROMALO) through support from the Euro-
pean Union and the Ministry of Scientific Research and Innovation. This 
observation agrees with Lemougna et al. [92] who acknowledged con-
tributions by the Cameroonian government in promoting the usage of 
local materials for construction. Furthermore, there is strong collabo-
ration and joint ventures between researchers from MIPROMALO and 
local universities such as the University of Yaounde I, University of 
Ngaoundere, University of Douala, University of Dschang, and Univer-
sity of Johannesburg – South Africa, as well as strong links with inter-
national universities such as the University of Modena and Reggio 
Emilia – Italy, Vrije Universiteit Brussel - Belgium, and Guangxi 

University – China. This strong collaborative trend shows significant 
promotion and dissemination of geopolymer research not only in SSA 
but also in other continents. Matsimbe et al. [11] found that the leading 
geopolymer authors in terms of publications worldwide are Jay San-
jayan - Swinburne University of Technology, Prinya Chindaprasirt - 
Khon Kaen University, and Mohd Mustafa Al Bakri Abdullah - Universiti 
Malaysia Perlis whilst those leading in terms of average citations are 
John Provis – University of Sheffield, Van Chai Sata – Khon Kaen Uni-
versity, and Zuhua Zhang - Hunan University. Zakka et al. [57] found 
that John Provis, Prinya Chindaprasirt, Mohd Mustafa Al Bakri Abdul-
lah, Jannie van Deventer, and Jay Sanjayan are the most influential 
authors in terms of citations and publications in geopolymer concrete 
research. However, Tian et al. [59] found that Prinya Chindaprasirt, Ali 
Nazari, Mohd Mustafa Al Bakri Abdullah, Zuhua Zhang, John Provis, 
and Jay Sanjayan are the leading authors in terms of publication in the 
field of fly ash-based geopolymer. The foregoing shows that authors in 
SSA and/or Africa, in general, are yet to make a worldwide leading 
visibility in terms of publication and citation in the field of geopolymers. 

Fig. 4 shows three clusters of geopolymer researchers comprising 
Cluster 1 (Kamseu e., Melo u.c, Kaze c.r., Nana a., Nemaleu j.g.d., 
Adesina a.), Cluster 2 (Tome S., Djobo j.n.y., Alomayri t., Lemougna p.n., 
Elimbi a., Ekolu S.), and Cluster 3 (Tchakoute h.k., Nanseu-njiki c.p.). 
There is a strong link between the leading authors implying significant 
collaboration in the field of geopolymers. Some authors are believed to 
work and/or share a similar research lab [93,94]. The leading authors 
have shown a trend of collaborating with their regional SSA partners. 
For example, Elie Kamseu, Cyriaque Rodrigue Kaze, and Uphie Chinje 
Melo have collaborated with Stephen Ekolu - Nelson Mandela 

Fig. 4. Network visualization of leading authors.  
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University, Leonel Tchadjie - University of Johannesburg, and Abdol-
hossein Naghizadeh - University of Free State [40,86]. Notably, the 
geopolymer research areas currently studied by the leading authors 
comprise lateritic soils [86,95,96], volcanic ash [40], 
metakaolin-meta-halloysite blends [97], porous geopolymers [98,99], 
room temperature curing and user-friendly activators [100]. 

3.5. The contribution of most cited publications 

Table 5 shows the most cited publications. The most cited study is 
“Geopolymer binders from metakaolin using sodium waterglass from 
waste glass and rice husk ash as alternative activators: A comparative 
study” [101] which received 143 citations. The second-ranked study is 
“The effect of adding alumina-oxide to metakaolin and volcanic ash on 
geopolymer products: A comparative study” [102] which received 126 
citations. The third-ranked study “Utilization of volcanic ashes for the 
production of geopolymers cured at ambient temperature” [103] 
received 110 citations. It is followed by the studies “Potential of using 
granite waste as raw material for geopolymer synthesis” [104] which 
received 107 citations; “A critical review on application of 
alkali-activated slag as a sustainable composite binder” [105] which 
received 107 citations, and “Substitution of sodium silicate with rice 
husk ash-NaOH solution in metakaolin based geopolymer cement con-
cerning reduction in global warming” [106] which received 101 cita-
tions. An examination of the most cited articles shows that the studies 
are cited globally by different authors showing the impact of geo-
polymer publications from SSA at local and international levels. Most of 
the authors citing the most-cited geopolymer articles are interested in 
understanding the physico-chemical properties of different natural and 
inorganic industrial waste materials, binder design, promoting ambient 
curing, developing user-friendly activators, advancing 
environmental-friendly industrial applications, durability, and life cycle 
assessments. 

Fig. 5 shows how the most cited publications are interlinked with 
other publications. The size of the circle is proportional to the impact 
made by the publication. For example, it can be observed that the 
publication by Tchakouté et al. [101] has the biggest circle size and 
therefore has made the most significant influence in the field of geo-
polymers compared to the other publications. 

3.6. Countries’ contribution 

Table 6 shows that Cameroon has the highest number of publications 
(n = 117) and citations (n = 3098) followed by Nigeria with 58 publi-
cations and 869 citations. Ranked third is South Africa with 44 publi-
cations and 391 citations. The authors checked if there is a link between 
a country’s nominal GDP and the number of publications. A similar 
check was done by [11] who observed that countries with higher 
nominal GDP usually had shown higher interest in geopolymer research. 
In terms of nominal GDP rank in SSA, Nigeria (=31) is leading followed 
by South Africa (=39). However, Cameroon (n = 95) ranks 6th in terms 
of nominal GPD but it is leading in terms of geopolymer publications and 
citations. Furthermore, Cameroon has the highest number of citations 
and contributes 45.53% of the total publications. This implies that 
Cameroon is greatly invested in geopolymer research and fostering 

collaborations worldwide. Therefore, it can be inferred that a country’s 
nominal GDP is not always connected to its geopolymer research output. 
It is worth noting that Malawi which is ranked 7th in terms of nominal 
GDP (=149) has shown interest in geopolymer research and has 
contributed 4 publications and 20 citations. Despite the lower rankings 
in nominal GDP for SSA countries compared to countries in Europe, 
America, Asia, and Australia, it shows that SSA Governments are grad-
ually increasing the support and funding for the research and develop-
ment of geopolymers. 

Fig. 6 shows that there are two major clusters comprising Cluster 1 
(Cameroon, Belgium, Canada, France, Italy, Saudi Arabia) and Cluster 2 
(Nigeria, South Africa, Ethiopia, Kenya, Uganda, Malawi, Germany, 
Malaysia, Trinidad & Tobago, Turkey, United States, Vietnam). The 
network shows that authors from Cameroon have the highest production 
of geopolymer research and are collaborating with different authors 
worldwide [21,88,93,104]. 

Most African academics/researchers conduct their postgraduate and 
postdoctoral studies at local and international universities. This exposes 
them to advanced research labs in waste materials valorization and 
geopolymer development thereby increasing the presence and impact of 
African researchers at the global level. The promotion of sustainable 
development goals, capacity-building training exchanges, international 
joint ventures, collaborations, and increased funding in research and 
development have greatly contributed to the growth of geopolymer 
research in SSA. This assertion agrees with Kahn [107] who attributed 
the growth in scientific research outputs in South Africa to collaboration 
with international authors and an increase in the Department of Edu-
cation publication subsidy. According to OECD [108], international 
organizations must coordinate their data collection and research activ-
ities to mutualize the benefits of evidence sharing. 

4. Future research trends 

The bibliometric analysis revealed 9 interlinked intellectual and 
evolutionary research themes being explored and bound to continue in 
the next decade or so since the geopolymer technology is still evolving to 
gain widespread industrial use just like ordinary Portland cement which 
has been researched and used for over 200 years. The identified themes 
in the present study comprise ‘user-friendly activators’, ‘just-add-water 
geopolymer cement’, ‘ambient curing’, ‘aluminosilicate precursors’, 
‘mechanical properties’, ‘durability’, ‘microstructure’, ‘mix design’, 
‘reinforcement’, and ‘industrial applications’. The primary production of 
conventional activators such as sodium silicate and sodium hydroxide 
add to the greenhouse gas emissions and embodied energy, is expensive, 
and caustic [24,101,109] hence requires efforts to develop activators 
and/or reagents which are greener, low cost, and user-friendly. The 
research on just-add-water geopolymer cement, like for OPC, has gained 
momentum as the powdered alkaline activator is premixed with the 
aluminosilicate source making the production process less caustic. It can 
be prepared just like ordinary Portland cement paste, mortar, and con-
crete by just adding water to the dry mix [110–113]. Therefore, 
just-add-water geopolymer cement is a hot topic requiring further 
research to understand the reaction processes, microstructure, and 
early-age properties. 

The geopolymerization process requires heat curing at temperatures 
ranging from 60 ◦C to 120 ◦C to facilitate setting and strength gain 
which poses a challenge to cast-in-situ applications. Therefore, further 
research in ambient curing of geopolymers is needed to expand the 
application of geopolymers to cast-in-situ situations with lower energy 
requirements, good workability, and faster setting time, hardening, and 
strength-gain just like ordinary Portland cement [113–116]. The 
research on various natural and industrial waste aluminosilicate pre-
cursors [82,86,96,112, 117–119] requires further attention to under-
stand the binder structure, reaction processes, and early age engineering 
properties under different deteriorating environments. Mechanical 
properties such as compressive, tensile, and shear strength provide a 

Table 5 
Publications with a minimum of 100 citations.  

S/N Publication Total Citations 

1 Tchakouté et al.[101]  143 
2 Tchakoute et al.[102]  126 
3 Tchakoute et al.[103]  110 
4 Tchadjié et al.[104]  107 
5 Awoyera & Adesina[105]  106 
6 Kamseu et al.[106]  101  
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good engineering measure of geopolymer performance under different 
structural applications [12,97]. The optimization of precursor materials 
used in unary, binary, or ternary geopolymer mixtures affects the me-
chanical performance and durability of geopolymers [21,23,89,120, 
121]. Therefore, there is a need for further understanding of the impact 
of geopolymer mix designs on strength development, durability, and 
standards development. The use of reinforcement in geopolymers is also 
gaining research interest to improve the mechanical and structural 
performance of geopolymers [8,22,122,123]. Krishna et al. [112] 
observed that the high awareness of global warming and carbon emis-
sions has sparked interest in geopolymers. Therefore, as scientific 
research in geopolymers grows worldwide, it is believed that the level of 
research funding, industrial implementation, collaboration, and number 
of publications and citations in the field of geopolymers in SSA will also 
increase. 

5. Limitations 

The current study used the Scopus database only which may have 
limited the amount of data retrieved. The retrieved publications were in 
English thus excluding those which might be in different languages. 
Furthermore, the search query only comprised the keyword ‘geo-
polymer’. Therefore, further study can be conducted incorporating 
alternative databases, different network mapping software, different 
languages, and keywords such as alkali-activated materials, green 

cement, and geocement, to ascertain an exhaustive retrieval of 
literature. 

6. Conclusions 

This study conducted a bibliometric analysis of the available litera-
ture data on geopolymer research to examine its trends and patterns and 
to broaden its implementation in Sub-Saharan Africa. The Scopus 
database was used to extract 251 relevant records in the last 10 years for 
network visualization in VOSviewer software. Geopolymer research 
remains underexplored in Sub-Saharan Africa contributing less than 
4.3% of global publications. This agrees with Matsimbe et al. [11] and 
Olonade [82] who observed that geopolymer research is still emerging 
in most African countries. Therefore, this validates the need to expand 
geopolymer research in Sub-Saharan Africa through capacity building, 
financial support, and setting up local research centres and foreign joint 
ventures. Sub-Saharan Africa is now prioritizing investment in scientific 
research and innovation to boost its socio-economic development, 
transition to knowledge-driven economies, and competitively level up 
the knowledge base with regional and international partners. Thus, most 
Sub-Saharan African countries have incorporated geopolymer research 
in their agenda as evidenced by the gradual growth in publications 
output. The growing interest in the circular economy, solid waste 
management, and adherence to sustainable development goals 9, 11, 12, 
and 13 has made a significant impact on the growing interest in 

Fig. 5. Network visualization of the most cited publications.  

Table 6 
Leading SSA countries in geopolymer research.  

S/N Country Publications Percentage (%) Total 
Citations 

Average Citation Nominal GDP Rank 

1 Cameroon  117  45.53  3098  26.48  95 
2 Nigeria  58  22.57  869  14.98  31 
3 South Africa  44  17.12  391  8.89  39 
4 Ethiopia  20  7.78  185  9.25  67 
5 Kenya  7  2.72  15  2.14  64 
6 Uganda  7  2.72  43  6.14  91 
7 Malawi  4  1.56  20  5  149  
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geopolymers. The contribution made by the present study to geopolymer 
literature comprises the dissection of research trends, the identification 
of prime researchers and bridging platforms, and future research con-
cepts. Emerging researchers in geopolymers will benefit from the 
developed network visualization and statistical evaluation by giving 
them an updated guide on the current research trend and progress in 
geopolymers. The key study findings are summarized as follows:  

i. The top 4 popular journals for geopolymer publications are 
Construction and Building Materials, Silicon, Case Studies in 
Construction Materials, and Materials. Most authors are citing 
articles from the journals Construction and Building Materials, 
Ceramics International, Case Studies in Construction Materials, 
and Journal of Building Engineering.  

ii. The assessment of keywords used in geopolymer research shows 
that Geopolymers, Inorganic polymers, and Compressive strength 
are the most occurring keywords. The keywords can help new 
researchers easily identify research themes in search engines.  

iii. The assessment of authors shows that Elie Kamseu, Cyriaque 
Rodrigue Kaze, and Herve Kouamo Tchakoute have the highest 
number of publications. The top cited authors are Elie Kamseu, 
Herve Kouamo Tchakoute, and Uphie Chinje Melo.  

iv. The top 3 most cited publications are articles [101,102], and 
[103]. 

v. The top 3 countries leading in geopolymer publications and ci-
tations are Cameroon, Nigeria, and South Africa. 
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