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Bibliometric analysis of the development of
nanoscience research in South Africa

Nanotechnology is a fast-growing scientific research area internationally and is classified as an important
emerging research area. In response to this importance, South African researchers and institutions have
also increased their efforts in this area. A bibliometric study of articles as indexed in the Web of Science
considered the development in this field with respect to the growth in literature, collaboration profile and
the research areas that are more within the country’s context. We also looked at public institutions that
are more active in this arena, including government policy considerations as guided by the National
Nanotechnology Strategy launched in 2005. We found that the number of nanotechnology publications
have shown a remarkable growth ever since the launch of the strategy. Articles on nanotechnology
have been published in numerous journals, with Electrochimica Acta publishing the most, followed by
Journal of Nanoscience and Nanotechnology. These publications fall within the traditional domains of
chemistry and physics. In terms of the institutional profile and based on publication outputs over the
period reviewed, the Council for Scientific and Industrial Research is a leading producer of publications
in nanotechnology, followed by the University of the Witwatersrand — institutions that are both based in
the Gauteng Province. There is a high level of international collaboration with different countries within
this field — the most productive collaboration is with India, followed by the USA and China, as measured
through co-authorship.

Significance:

e Nanotechnology as a field of research is experiencing rapid growth and there is a need to understand
progress from a South African perspective.

Introduction

Innovations linked to science and technology developments are believed to be promising contributors to economic
progress internationally. In response to this promise, South Africa adopted the National Research and Development
Strategy' in 2002 to enable the transition from a resource-based economy to a knowledge economy, which was
followed by the Ten-Year Innovation Plan towards a knowledge-based economy?. This strategy was viewed as
pivotal to the achievement of national goals, including enhanced economic growth, industrial competitiveness,
as well as social and developmental aspirations.® To this end, a number of targeted interventions and investments
were made in specific fields of science, one of which was nanotechnology. Nanoscience and nanotechnology
(N&N) is now widely recognised as an area of science and technology that promises to bring many scientific
breakthroughs in the coming years, which will have a meaningful impact on the economy. According to Lux
Research?, the revenue from nano-enabled products worldwide as of 2014 stood at USD1.6 trillion — a growth of
90% in 2 years from USD850 billion in 2012. The application of nanomaterials occurs in many industries such
as cosmetics, construction and electronics. It is important to note, as Reiss and Thielmann® have pointed out,
that nanotechnology does not constitute a product specifically, but is in most cases integrated in a large variety
of different applications in a large number of industrial sectors. Nanotechnology can therefore be understood as
an enabler of innovative technologies and applications by substituting and improving existing products or leading
to fundamentally new products.® As a result, various governments have been investing in the development of
nanotechnology in their respective countries.

The Organisation for Economic Co-operation and Development (OECD) defines nanotechnology as a set of
technologies that enable the manipulation, study or exploitation of structures and systems of typically less than
100 nanometres in size. It is believed that developments in N&N have the potential to affect virtually every area
of economic activity and aspect of daily life.5 This wide-ranging effect is because of the technology’s ability to
contribute to the development of novel materials, devices and products. The number of products, and the diversity
of nanomaterials and nanosystems, is predicted to increase rapidly in the coming decade as a result of continuous
innovation in many sectors. Nanotechnology can be applied in many commercial products in areas such as health
(especially drug-delivery), energy, food packaging and water purification systems. It is evident that no work has
been done to evaluate the development in this field since the N&N strategy was introduced in South Africa. The
aim of this study was to establish publication and citation trends in the area of nanoscience. Secondly, we aimed
to assess collaboration and the most productive countries and institutions publishing in the area of nanoscience;
and, finally, we aimed to determine the intellectual structure of the nanotechnology research in terms of subject
area. South Africa’s investment in N&N research, and in other areas, is seen as a means to moving towards
the creation of a knowledge-based economy, and as such, the country’s progress in this regard. In terms of
terminology, nanoscience and nanotechnology are used interchangeably throughout the article, as is the practice
in this research community.
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Background

Nanotechnology in South Africa and other developing
countries

Based on the potential economic benefits and developments inter-
nationally, the South African government made some policy interven-
tions to stimulate the development of nanotechnology, after the
establishment of the National Nanotechnology Strategy” together
with the stakeholder community under an organisation called the
South African Nanotechnology Initiative (SANi). The goals of the strategy
were to ‘support long-term research that will lead to the fundamental
understanding of nanomaterials’ and a more ambitious target of
supporting the ‘creation of new and novel devices for application in
various areas such as health, water and energy’. To support these
objectives, the government committed to several investments, including
inter alia:

»  Establishing Nanotechnology Innovation Centres with a mandate
to build capacity to develop commercial nano-enabled products.
Two of these centres have been established: one is based at Mintek
and the other at the Council for Scientific and Industrial Research
(CSIR), both of which are situated in the Gauteng Province.

e Providing ring-fenced grants to researchers through the National
Research Foundation for purchase of nanotechnology-related
research equipment under the National Equipment Programme
funding instrument.

e |Initiating and funding the establishment of a taught master’s degree
programme in N&N which is currently offered by four universities:
the University of the Western Cape, Nelson Mandela University, the
University of Johannesburg and the University of the Free State.

These initiatives and other investments need to be contextualised as
South Africa entered the N&N field later than developed economies.
Government support through policy intervention and funding in this field
is acknowledged.® Although the investments were well considered, they
may not be sufficient to allow South Africa to play a leadership role in
this research area. Research done by Pouris® indicated that the number
of articles in the field produced in South Africa had increased from just
12 in 2000 to 57 by 2005, with the University of the Witwatersrand
being a leading producer. Pouris® further highlighted the absence of
science councils in the top producing category at the time, with N&N
research being largely driven by individual academics rather than by a
coordinated national approach. Pouris® also showed that the USA was
a top collaborating country with South Africa. It is further noted that the
number of N&N core journals currently indexed by the Science Citation
Index is now at 83 — a number that has been increasing steadily since
the area started gaining recognition in the 1990s.

Looking broadly at the participation of African researchers in nano-
technology, it has been noted that participation is very low and
fragmented. Generally, the growth in nanotechnology in the least
developed countries, including those in Africa, has been very slow;
while individuals have shown interest in this field, there is no practical
plan for the advancement of this field and as a result nanotechnology
remains an area of academic research.'® Ezema et al.' further point out
that the BRICS nations produced a substantial number of publications,
but that outside this grouping, there was very little activity in developing
countries, especially in Africa, partly because of a lack of research
infrastructure and facilities to carry out N&N research and thus these
nations are classified as nanotechnology dormant. Maclurcan' noted
that there are niche areas within N&N that are of benefit to developing
countries such as India and South Africa, which — because of their
high prevalence of tuberculosis (TB) infections — have programmes for
developing nanotechnology-enabled TB diagnostic kits and improved TB
drug-delivery systems. These specific circumstances provide a clear
niche area for these countries to establish competitive expertise.

Bibliometrics

Bibliometric approaches are increasingly used for the assessment of
scientific disciplines and provide useful information for those who fund
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research. It has been established that increased investment should lead
to anincrease in the number of publications; this investment also is more
positive if it is made from the public sector rather than from the private
sector.’? Bibliometrics is defined as the application of mathematics and
statistical methods to communication media. Bibliometrics have been
used extensively to evaluate research progress quantitatively, for example
in studying research output for specific countries™' in a continent or a
region such as Africa or southern Africa'®'” or sometimes for a research
discipline such as nanotechnology®'® or even a single institution'.
One problem identified in bibliometric research is the classification
and delineation of fields, for example, for new and emerging areas like
biotechnology and nanotechnology the definitions differ among different
application areas, including which areas it encompasses. Leydesdorff?
further states that delineation using core journals as done by Clarivate
Analytics’ (formerly Thomson Reuters) Web of Knowledge classification
may not account for research published in multidisciplinary journals.
In areas such as these, delineation is achieved by using keywords to
extract the relevant publications from the database, as in this case;
another approach is content analysis or using only core journals or
a combination thereof. In a multidisciplinary area like N&N in which
literature is scattered, delineation is more important and only keywords
are able to extract the relevant publications as there are relatively few
established core journals and the literature tends to be published in
traditional journals such as those in the fields of chemistry and physics.

In this study, bibliometrics analysis was performed on the data
obtained from a citation index database. A citation index is defined as
an ordered list of cited articles, each of which is accompanied by a
list of citing articles.’ There are many academic citation indexes
used in bibliometrics research such as CiteSeer, Google Scholar and
Elsevier's Scopus depending on the context of the study, but the most
commonly used is Clarivate Analytics’ (formerly Thomson Reuters) Web
of Science™ (WoS).

Methodology

Data were extracted from articles in nanoscience and nanotechnology
published over an 11-year period starting in 2005. The year 2005
was chosen because it coincides with the launch of the N&N strategy
in South Africa. It would not have added value to go back further than
2005 as the study mentioned earlier® covers the period up to 2005. The
Science Citation Index offered by WoS was used for the search of journal
publications.?? A major strength of this database is that it provides
sufficient coverage of the most important and influential journals and
core literature internationally. For the calculation of activity index and
percentage share, the total number of publications was obtained using
InCites™ — an analytical tool provided by Clarivate Analytics which uses
the same underlying WoS data.

A keyword-based search is the preferred route for a relatively new and
multidisciplinary field like N&N, as there are a high number of relevant
publications that can be hidden in multidisciplinary journals. Based on
this preference, the WoS core collection database was used, which
allows for a keyword-based search. There are many possible search
strategies, from the simple use of the nano* wildcard to the more
elaborate approach of a modular search strategy as described by Porter
et al.® A simplified methodology by Maghreb et al.** that recognises
that not all words that start with ‘nano’ refer to nanomaterials and that
there are some nanomaterials that do not have keywords containing
the nano- prefix (such as quantum dots and fullerenes) was used. This
methodology was used because of its simplicity and very accurate
selection of nanotechnology articles. The following keywords were
used: nano* NOT nano2 NOT nano3 NOT nanog* NOT nanosecond*
NOT nanomol* NOT nanogram* NOT nanoplankton* OR “atom* scale”
OR “atomic layer deposition*” OR “giant magnetoresist*” OR graphen*
OR dendrimer* OR fulleren* OR “c-60" OR “langmuir blodgett*” OR
mesopor* OR “molecul* assembl*” OR “molecul* wire*” OR “porous
silicon*” OR “quantum dot*” OR “quantum well*” OR “quantum
comput*” OR “quantum wire*” OR qubit* OR “self assembl*” or
supramolecul* OR supermolecul* OR “ultrathin film*” OR “ultra thin
film*”. In this case, a top down keyword search and Boolean operators
were used. This approach enabled extraction of all articles containing
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keywords known to be used in nanotechnology publication. The
operators OR and NOT were used to exclude those articles that may
include the nano- prefix but are not related to nanotechnology. Only
research articles were included; other publication types such as book
chapters and proceedings were not included.

In this article, a descriptive approach is used to identify the trends
based on the publication data. The analysis focuses on countries with
which South Africa collaborates the most on research, the most prolific
research institutions in N&N research, the top journals selected by
South African researchers as well as the subject categories, as N&N is
interdisciplinary.

Results and discussion

The aim of this study was to investigate the productivity and intellectual
structure of N&N in South Africa since the launch of the country’s N&N
strategy. The results of the bibliometric study obtained from the analysis
of the 2928 records extracted from the WoS indexing database and
published in the 11-year period between 2005 and 2015 are presented.

The first part considers the publication and citation trend; the second
part, the collaboration and the most productive countries and institutions;
and, finally, the intellectual structure of the nanotechnology research is
considered. A search of patents using the same keywords as used for
the publication search revealed that South Africa has been granted fewer
than 10 nanotechnology patents by the USPTO over this period; as a
result of this small number, patents did not form part of the study. The
number of patents was confirmed using the OECD database® and, based
on the available data, further analysis was abandoned as it would not
have added further insight to this study.

The nanotechnology publication trend in South Africa

Figure 1 shows the publication trend of nanotechnology articles in South
Africa between 2005 and 2015. Figure 1 shows an increasing trend from
2005 when only 62 publications were produced to a total of 597 in 2015
— an average annual growth rate of 22%. The number of publications
in N&N have grown substantially, but to put this growth in context, the
total publication number in South Africa grew from 6408 in 2005 to
15 468 in 2015 — equating to an average annual growth rate of 14%.

Nanotechnology research in South Africa

Therefore, N&N publications grew at a faster rate than the growth of all
publications in South Africa, which equates to an average annual growth
rate of 0.36%. Regardless, this growth in N&N outputs is almost tenfold.

To ascertain the significance of the growth in nanotechnology articles,
the percentage of nanotechnology articles to overall articles from the
country during the period was calculated. It is clear from Figure 1 that
this percentage grew from less than 1.5% in 2005 to just above 4.5%
in 2015 — a threefold increase and much higher than the overall growth
of articles generally. This growth is also distinct from that of energy
publications, for example, which, according to a recent study, has
remained stagnant since 2008.2

The citation trend of nanotechnology publications in
South Africa

Figure 2 shows the citation trend of nanotechnology articles in
South Africa from 2005 to 2015. An observation of the citations of the
articles reveals an even more impressive picture than that of publication
growth (Figure 2). The citations have grown from 18 citations in 2005
to 7229 in 2015 — an average annual growth rate of 72%, which is quite
impressive considering that the overall growth in citations in the country
was quite low. Citations for South African publications overall have not
grown much, with a growth of 1.81% between 2005 and 2010 compared
with 251% for N&N over the same period. The nanotechnology articles
generated by South African researchers have relatively high visibility.

To determine the significance of the growth in citations in nanotechnology
articles, we calculated the share of citations to N&N articles as a
percentage of citations to all articles produced in South Africa. As
seen from the secondary axis in Figure 2, this share grew from just
0.04% in 2005 to above 1.6% in 2015. The growth in citations to
nanotechnology articles was far higher than the growth of total citations
to all South African publications over the same time.

Table 1 shows the publication and citation trends of nanotechnology
articles in South Africa from 2005 to 2015. Citations represent the
impact and the influence of articles, so this high citation trend indicates
that the nanotechnology articles generated by South African researchers
have a high impact.
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The publication trend as well as percentage of nanotechnology articles relative to the total number of articles in South Africa from 2005 to 2015.

Volume 113 | Number 11/12
November/December 2017


http://www.sajs.co.za

Research Article Nanotechnology research in South Africa

Page 4 of 9
8000 1.8
7000 Al - 16
6000 14
/ / 12
5000 ®
g / / 1 g
& 4000 g
3000
/ / - 06
2000 / / - 04
1000 /—-/ - 02
0 - 0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year
= N&N citations == Percentage
Figure 2:  The citation trend as well as percentage of citation of nanoscience and nanotechnology (N&N) articles relative to the total number of citations in

South Africa from 2005 to 2015.

Table 1:  South Africa’s publication and citation trends in the field of nanoscience and nanotechnology (N&N) and growth rates for 2005-2015

Year Total m.lmber of Numbe.r OF N&N Growth rate (%) Total citations Cilationfs for N&N Growth rate (%)
articles articles articles

2005 6409 62 129 563 18
2006 7310 64 3.22 131899 156 940
2007 8569 83 29.68 129 236 365 133.97
2008 9560 122 46.98 143 538 671 83.84
2009 10 602 163 33.60 137 147 997 48.84
2010 10 936 238 4417 139 804 1477 48.14
2011 12 563 279 17.22 126 577 2211 49.69
2012 14 311 343 22.94 121 541 2858 27.78
2013 14 890 456 32.94 94 893 4048 41.63
2014 16 260 521 14.25 75991 5662 39.87
2015 17 246 597 14.58 35174 7229 27.68

South African output in N&N during the period 2005-2015 included
2928 publications. With respect to publication output, the nano-
technology area grew at an average annual growth rate of 25.95% and
the citation growth was much higher at an average annual growth rate
of 144%. This growth is in line with the international growth in N&N
which has been reported?” to be at 23% and quite significantly higher
than the average annual growth rate of publications in South Africa in
general, which is 14%. The growth rate of N&N articles was 3.2% in
2006, and accelerated sharply to almost 30% in 2007, and up to 46% in
2008. This area of research has been growing at a fast pace and finally
stabilised at about 14% in 2014/2015. It will be interesting to observe
how the growth evolves in the next few years or whether 14% is the ‘new
normal’, as it is in line with the growth of South African publications in
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general. The citations to N&N articles grew from a small base of only 18
citations in 2005 to 156 citations in 2006 — a 940% increase. This growth
decelerated and finally settled at about 48% in 2009-2011. Citations saw
a growth of 27% in 2015 — not as high as in earlier years. The growth of
nanotechnology — both in terms of articles published and the citations
they have received — is phenomenal and indicates that researchers are
spending resources in this field of research and that the government
support initiatives are successfully stimulating interest in this area.

Table 2 shows the publication trend of nanotechnology articles in other
selected countries for comparison purposes from 2005 to 2015. The
ratio of N&N articles produced to total articles in all areas is a useful
means of comparison, as is the activity index. The totals were obtained
using InCites™.

Volume 113 | Number 11/12
November/December 2017


http://www.sajs.co.za

Research Article

Page 5 of 9
Table 2:  Number of publications in the field of nanoscience and nano-
technology (N&N) compared with those of selected countries,
2005-2015
N&N articles = Total articles Ratio Activity index
World 996 083 15914 248 0.062 1
China 220 413 2335407 0.094 1.50
USA 165 691 6205 056 0.027 0.43
India 49 981 603 489 0.083 1.32
Russia 23 755 372700 0.064 1.01
Brazil 11878 439 444 0.027 0.43
Egypt 5236 80 346 0.065 1.04
South Africa 2928 122126 0.024 0.38

Table 2 shows that South Africa, compared with the other BRICS
countries, Egypt and the USA, had the least number of N&N articles,
with only 2.4% of publications being in the nanoscience field. South
Africa’s world share of N&N articles over this period was 0.29% —
far below South Africa’s world share of total articles of 0.79%. This
finding may indicate that N&N research output has most likely not
reached its full potential in South Africa. N&N is a high growth research
area internationally, and the growth in the number of South African
publications is not keeping up with the growth in the overall growth of
the field worldwide. Egypt produced 5236 publications over the same
period — placing this country in a leading position in N&N on the African
continent. Chen et al.?® found that Russia, India and China showed rapid
growth in N&N publications from 2000 to 2007 of about 12.8 times
in China, 8 times in India and 1.6 times in Russia. What is apparent
is that N&N is growing very rapidly while the growth in South Africa
has been recorded to be below that of other countries. Appelbaum et
al.2 confirm the importance of nanotechnology in China with a number
of state-led interventions; the Chinese government is also investing an
estimated USD200 million per year in this field, making it second only to

Nanotechnology research in South Africa

the USA in terms of investment. The USA launched its Nanotechnology
Initiative in 2000, with an annual budget for 2016 estimated at just over
USD1.4 billion, while the Chinese government followed a year later with
its own initiative in 2001; in both of these countries, the N&N initiatives
were accompanied by big dedicated budgets.®*® South Africa only
launched a similar initiative in 2005 with what can be described as a very
modest budget. It is interesting that China, India, Russia and Egypt show
figures above 1, which is an indication that these countries have placed
more emphasis in N&N. Despite a higher budget, the USA — along with
South Africa and Brazil — have activity indices of less than 1, showing no
specialisation in this field. Besides looking at the number of publications,
another indicator for the comparison with other countries is the activity
index, which was first described by Frame®'. The index indicates the
country’s share in world publications in a particular field of science
relative to the overall share in world total publications. This index has
been used quite recently in other studies such as the one by Makhoba
and Pouris® in which different scientific priority areas in South Africa
were compared. The activity index is zero when the country holds no
publications in that discipline and it is equal to 1 if the country’s share
in the discipline equals the country’s share in all fields indicating no
specialisation and above 1 when a positive specialisation is observed.

Collaboration and publication profiling of South Africa

Collaboration with researchers from other countries was examined for
the nanotechnology field as indicated by co-authorship of research
papers. The top 20 countries based on the co-authored articles are given
in Figure 3.

Figure 3 indicates that collaboration in the nanoscience and nano-
technology research area is the highest with India, followed by the USA
and China. Interms of numbers, South Africa collaborated on publications
during the 11 years with India (266 publications), the USA (190 joint
publications), China (127 publications), Germany (123 publications) and
England (112 publications). The aggregate share of collaboration with
these top five collaborating countries (818 publications) is actually 28%
of the total number of all publications. The USA is a global leader in the
nanotechnology field, and consequently is a key country with which to
collaborate. The presence of India as the top collaborating partner may
come as a surprise to some, but South Africa has strong historical ties
with India which pre-dates their involvement in the BRICS grouping. In a
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study of the BRICS countries, Finardi*®® found that South Africa and India
have the strongest collaborations compared with other countries in the
BRICS grouping. This high collaboration was attributed to both countries
belonging to the Commonwealth, both once being part of the British
Empire and both having English as one of their official languages.

Collaboration results are not expected to add up to 100% because
most of the articles are authored exclusively by South Africans with no
external collaborator. It is important to note that South Africa has fewer
collaborations within the continent, with only nine collaborating countries
in Africa. Collaboration with other African countries produced a total of
130 publications — accounting for only 5.57% in this field in South Africa.
Collaboration in this area with Nigeria — which is South Africa’s biggest
collaborator in Africa — produced only 58 articles which is low compared
with India, for example. This result is hardly surprising as it has been
established in past studies that African researchers prefer to collaborate
with researchers outside of the continent. Pouris and Ho'” found that
South African researchers have been increasingly publishing with
international partners, with a growth of 66% in the 5 years between
2007 and 2011, making up a total of 54% of all articles produced in
the country. This growth is on the back of the findings by Boshoff3
that collaboration with neighbouring countries in the Southern African
Development Community remained stagnant at 3% for the 3 years
between 2005 and 2008.

Table 3:  The top 24 nanotechnology journals used by South African
researchers
Journal Impact |- Record Country
factor = count

Electrochimica Acta 4.803 62 England
et R BRI
Featochonia Suence izl cdy G
Materials Science 0.143 51 Ukraine

Journal of Applied Polymer Science | 1.866 47 USA

RSC Advances 3.289 41 England
Journal of Alloys and Compounds 3.014 39 Switzerland
Applied Surface Science 3.150 36 The Netherlands
Physica B: Condensed Matter 1.352 33 The Netherlands
Journal of Materials Science 2.302 32 USA
Polyhedron 2.108 32 England
gg;g;tional Journal of Hydrogen 3.205 30 England

South African Journal of Science 0.902 29 South Africa
Polymer 3.586 26 England
Carbohydrate Polymers 4.219 25 England
Journal of Power Sources 6.333 25 The Netherlands
Materials Chemistry and Physics 2.101 25 Switzerland
Electroanalysis 2.471 24 Germany
Optical Materials 2.183 23 The Netherlands
Journal of Luminescence 2.693 23 The Netherlands
Journal of Nanoparticle Research 2.101 22 The Netherlands
oY R
New Journal of Chemistry 3.277 21 England

Thin Solid Films 1.761 21 The Netherlands
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Nanotechnology journals used by South African researchers

Table 3 highlights the top 24 journals in which N&N publications by South
African researchers between 2005 and 2015 are to be found. Included
is the journal impact factor as published in the Journal Citation Reports
of Clarivate Analytics (formerly Thomson Reuters) for the year 2015.
South African authors published most in the journal Electrochimica Acta
(62 articles) followed by the Journal of Nanoscience and Nanotechnology
(61 articles) and lastly the International Journal of Electrochemical
Science (54 articles). The top 24 journals have a significant 27% (803)
share of the total publications, indicating a wide scatter of literature in
nanotechnology with no clear concentration of articles in one group of
journals. In this list, the low representation of South African journals is
observed, indicating a preference for international journals, with only the
South African Journal of Science represented in the top 24. The most
used language in the top 24 journals is English, with the rest of the
journals being bilingual.

The top 24 journals are mostly from England and the Netherlands, with
each of these countries having seven journals on the top 24 list. The
USA — with which South African researchers collaborate the most — has
only three journals on the top 24 journals list. Therefore, it is clear that
South African researchers are leveraging international resources to catch
up in nanotechnology research. Additionally, they attempt to increase the
visibility of their research by publishing most of their articles in journals
from European countries whilst still collaborating with the USA. In terms
of impact factor, the journals range from Materials Science from the
Ukraine with the lowest impact factor of 0.143 to the Journal of Power
Sources from the Netherlands with the highest impact factor of 6.333.
The average impact factor for the journals listed in Table 3 is 2.60, as
published in the 2015 Journal Citation Reports.

Subject area structure

An analysis of N&N publications and their subject categories was done
to understand the subject area structure (Table 4).

The highest number of publications in N&N by South African researchers fall
into the three traditional domains: Chemistry, Physics and Materials Science.
The top three subject areas account for 88.9% of the country’s publications
in the field of nanoscience and nanotechnology. It is clear therefore that
most of the nanotechnology applications are in Physics, Chemistry and
Materials Science. The priority application areas that are emphasised in the
South African N&N strategy — such as water, health and energy — seem well
presented, although not to the extent envisaged in the strategy. It is also
interesting that there is a broad spread in terms of the application of N&N
including in areas such as Mechanics, Optics and Geology. The results are
not expected to add up to 100% as the articles can belong to more than one
research domain and only the top 26 fields are reported.

Publishing organisations

Analysis of the most prolific institutions indicates a dominant contribution
of institutions based in the Gauteng Province, with three of the top five
institutions based in this province (Table 5). It is unclear whether this
was a deliberate policy objective or a coincidence; the N&N strategy is
silent on this issue. The CSIR accounted for 16.4% of publications in
the N&N area, followed by the University of the Witwatersrand at 14.2%.
Government, through the Department of Science and Technology,
established and funded the Nanotechnology Innovation Centre, which
is sometimes referred to as the National Centre for Nano-Structured
Materials based at the CSIR, which explains the CSIR’s leadership
role in this field. The centre at the CSIR called the National Centre for
Nano-Structured Materials is one of two nanotechnology centres
established by the government in 2007. Its focus is on the development
of new nanotechnology-enabled materials, with applications in the
manufacturing, water and health sectors. The National Centre for Nano-
Structured Materials as a government-funded institute makes available
high-tech instrumentation to other researchers in South Africa. The other
national centre is based at Mintek and focuses on the fields of sensors,
biolabels and water nanotechnology. Interestingly, the National Research
Foundation also features strongly in the third position with most of the
output attributed to the national facilities, notably iThemba Labs.
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Table 4:  Nanotechnology subject area map in South Africa Table 5:  Most prolific organisations in nanotechnology publishing in
South Africa
Research area Record count Percentage of
total o Record  Percentage
Organisation i f total
Chemistry 1089 37.19% coun of tota
Materials Science 910 31.08% Council for Scientific and Industrial Research 479 16.36%
Physics 605 20.66% University of the Witwatersrand 416 14.21%
Science Technology and Other Topics 383 13.08% National Research Foundation 397 13.55%
Polymer Science 338 11.54% University of Johannesburg 381 13.01%
Engineering 289 9.87% University of the Western Cape 269 9.19%
Electrochemistry 278 9.50% Rhodes University 264 9.02%
Pharmacology Pharmacy 105 3.59% o
University of KwaZulu-Natal 249 8.50%
Environmental Sciences Ecology 100 3.42%
University of the Free State 244 8.33%
Energy Fuels 91 3.11%
: o University of Pretoria 218 7.45%
Metallurgy and Metallurgical Engineering 82 2.80%
i T 0
Optics 76 2 60% Stellenbosch University 215 7.34%
Biochemistry Molecular Biology 75 2 56% Tshwane University of Technology 158 5.40%
Crystallography 57 1.95% University of South Africa 133 4.54%
Water Resources 57 1.95% niversity of Cape Town 10%
University of Cape T 120 4.10%
Instruments and Instrumentation 56 1.91% North West University 104 3.55%
Biotechnology and Applied Microbiology 54 1.84% University of Zululand 87 2.97%
Mechanics 48 1.64% Nelson Mandela University 75 2.56%
Thermodynamics 44 1.50% Mintek 7 2 43%
Nuclear Science and Technology 31 1.06% ) o
Cape Peninsula University of Technology 50 1.71%
Spectroscopy 28 0.96%
Vaal University of Technology 43 1.47%
Mathematics 26 0.89%
; . Durban University of Technology 42 1.43%
Biophysics 22 0.75%
S o
Toxicology 2 0.75% University of Fort Hare 28 0.96%
Microbiology 21 0.72% Walter Sisulu University of Technology 24 0.82%
Geology 20 0.68% University of Limpopo 23 0.79%
Sasol Technology 15 0.51%

In terms of inter-institutional collaboration, the most prolific institutions in
N&N research in South Africa collaborate with each other extensively, as
indicated by the number of co-authored articles. The CSIR, with a total of
479 publications, collaborated with the University of Johannesburg (80),
University of Pretoria (69) and Tshwane University of Technology (56)
nationally, and the King Abdulaziz University in Saudi Arabia (21) and the
University of Malawi (11), internationally. The first three institutions — like
CSIR - are in Gauteng, with close proximity facilitating collaboration.
The CSIR is also a national facility which provides access to analytical
equipment to researchers countrywide, and therefore the high number of
papers co-authored with researchers from other South African institutes
is not surprising. The University of the Witwatersrand, with a total of
420 publications, collaborated with the National Research Foundation
(169), University of Johannesburg (54) and CSIR (46) nationally, and,
internationally, with the Federal University of Parana in Brazil (18),
Tamkang University in Taiwan (11), University of Ulster in Northern Ireland
(11) and the University of Malawi in Malawi (9). Clearly an argument can
be advanced that institutions from Gauteng — South Africa’s economic
hub - are leading N&N research and it appears that there is a close
level of collaboration between them. It would seem that, despite its
relatively small scientific size, Malawi (through the University of Malawi)
has a very close relationship with the two top South African institutes in
N&N research.
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Tables 5 and 6 show an obvious lack of representation from the private
sector, with only Sasol Technology publishing in this field. This finding
does not augur well for the future commercialisation of nanotechnology-
enabled products in the country as envisaged in the N&N strategy.
Perhaps this result could be explained in that the private sector may prefer
the patenting route or retaining trade secrets rather than disseminating
their research findings through publications.

Conclusion

As a result of the growing technological significance and expected eco-
nomic contribution, N&N in South Africa has been thoroughly analysed
through bibliometric methods. The research output in this field is showing
a steady increase in South Africa since the introduction of the National
Nanotechnology Strategy in 2005 and its associated government support.
However, to put this increase into context, there is a need to look at some
other countries during the same period, such as Egypt which produced
almost double the number of publications to that of South Africa. Looking
at the other BRICS countries, China produced 220 413, India 49 981,
Russia 23 755 and Brazil 11 878 articles over this period. The USA
produced a total of 165 691 articles during this period, in line with their
big budget for N&N which was projected to reach USD1.5 billion in 2016.
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Table 6:  The two most prolific institutional publishers of nanoscience research in South Africa and their collaborative partners
Council for Scientific and Industrial Research (South Africa) University of the Witwatersrand (South Africa)
Collaborating institution Number of publications Collaborating institution Number of publications

University of Johannesburg (South Africa) 80 National Research Foundation (South Africa) 169
University of Pretoria (South Africa) 69 University of Johannesburg (South Africa) 54
Tshwane University of Technology (South Africa) 56 Council for Scientific and Industrial Research (South Africa) 46
University of the Western Cape (South Africa) 52 Mintek (South Africa) 27
University of the Witwatersrand (South Africa) 46 University of KwaZulu-Natal (South Africa) 18
University of the Free State (South Africa) 45 Vaal University of Technology (South Africa) 18
University of South Africa (South Africa) 31 Federal University of Parand (Brazil) 13
National Research Foundation (South Africa) 50 Tamkang University (Taiwan) 11
King Abdulaziz University (Saudi Arabia) 21 University of Ulster (Northern Ireland) 11
University of KwaZulu-Natal (South Africa) 19 University of Malawi (Malawi) 9
North West University (South Africa) 17 University of South Africa (South Africa) 9

This discrepancy may be partly because of South Africa’s low budget for
R&D in general but also lack of prioritisation of N&N in the country. This
lack of prioritisation is evident when one looks at the low activity index,
with Egypt taking a leading position in this field on the African continent.
So, in conclusion, the policy has institutionalised N&N research within
science councils and universities, as opposed to what was the case
before the introduction of the strategy. However, South Africa has
the potential to produce more output in the N&N field, based on the
comparison of output from other science areas. In a comparison of
OECD countries, it was found that in 2014 the gross expenditure of
R&D as a percentage of GDP was 0.73% for South Africa, whereas the
average for OECD countries is 2.38%; interestingly, for China, this value
stood at 1.93% for 2014.6 Therefore, there is a clear underinvestment in
research and development in South Africa in general, not only in N&N
research. The CSIR emerges as the most productive institute in N&N
research, which can be attributed largely to the direct and continuous
government investment in this organisation by, for example, establishing
the National Centre for Nano-Structured Materials. However, innovative
outputs, such as new nano-enabled products, as envisaged in the N&N
strategy, will be difficult to achieve with a low level of research and
collaboration in this field by the private sector. The introduction of R&D
tax incentives in South Africa is a means to encourage an increased
participation of the private sector in research and development. The lack
of private sector involvement can in part be attributed to the early stage
of nanotechnology development in South Africa with most research
efforts geared to generating knowledge in the field. The more likely
reason is the generally weak domestic corporate R&D expenditure, as
currently the country’s gross expenditure of R&D as a percentage of
GDP of 0.73% is made up of only a small fraction from the corporate
sector, as measured in 2014. In South Africa, the business expenditure
of R&D as a percentage of GDP stands at 0.32% and this is against
the OECD average of 1.58%, whereas that of China is 1.47%, showing
that the country is lagging behind. Future work will need to look at a
quantitative comparison of this output with other developing countries
and possibly provide an analytical perspective of low patenting trends
in this field.
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