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development with industrial applications. While research and development
(R&D) investment in Chinese science has increased significantly in recent
years, there are substantial lags and barriers in the deployment of new
technology knowledge by business, including by small and medium-sized
enterprises. Yet, there are important signs of change within research
organisations and in the policy support structures for research
commercialisation in China. To explore these developments, this study
examines a specific case within the domain of nanotechnology, an emerging
technology domain where China is now among the world’s biggest R&D
performers. We investigate an example in China of science-driven
entrepreneurship in a new technology for producing nano-pigment inks for
digital inkjet textile printing. The contextual conditions and the development
and commercialisation processes of this focal technology are analysed, as we
examine the strategies used by the research team to spin-off their research
towards commercialisation. We identify key factors in the Chinese innovation
system that respectively facilitated and hindered this research
commercialisation example, and consider managerial and policy implications
raised by the case.
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Introduction

Nanotechnology – the development and assembly at the atomic and molecular scale of
advanced materials and devices with novel properties – is expected to be one of the
leading drivers of technological and economic development over the next few decades.
For much of the twentieth century, innovations in materials have emerged from the USA,
Europe, Japan, and other advanced economies, but today China has emerged as a major
player in the development of nanotechnology (nano) materials. China is now among the
world’s top two producers of scientific articles in nanotechnology (alongside the USA)
and has seen a strong increase in domestic patenting (Liu and Zhang, 2005; Tang and
Shapira, 2011; Youtie et al., 2008; Zhou and Leysdorff, 2006). The conditions for this
dramatic growth have been fostered by the Chinese government’s proactive engagement
in prioritising nanotechnology and investing heavily in national policy instruments,
programmes, and centres to encourage indigenous research and development (R&D) in
this field (Shapira and Wang, 2009). Another critical component of this story is the rise
of entrepreneurial high technology companies in the nanomaterials domain. This is an
important development in an economy traditionally based on large state-affiliated
enterprises and, more recently, on private but often low-technology producers of such
items as electrical and mechanical components, textiles, and processed materials. While
there is growing recognition of the larger picture of China’s rise as a scientific
super-power in nanotechnology, relatively little is known about how nanotechnology is
developed and commercialised in China at the level of individual entrepreneurial
ventures.
A noticeable feature of innovation in nanotechnology is its strong basis in science. A
significant share of nanotechnology patent applications and patent grants in the USA
originate from universities (Mowery, 2011). This pattern of commercialisation is less
clearly developed in China, where university-industry relationships are still evolving.
There are persistent structural issues in the Chinese innovation system, including the
prevalence of top-down information flows, the lack of interaction and trust among
different actors, and difficulties in raising private-sector funds for long-term
technological development by enterprises. This raises the question of how the
commercialisation of nanotechnology in new enterprises is linked to scientific
advancement in research institutions and is influenced by the characteristics of the
national innovation system. To probe this question at the micro-scale, we examine a case
of innovation in the production of nano-pigment inks. Our case study is a nano-related
technology developed and commercialised primarily by a university research team. By
documenting and analysing this case in detail, we seek to better understand the dynamics
underlying science-driven technology development and the evolving innovation system
in China.

2

Method

Our investigation uses a case study approach. This is “a method for learning about a
complex instance, based on a comprehensive understanding of that instance obtained by
extensive description and analysis of that instance taken as a whole and in its context”
[GAO, (1990), p.14]. As a technique for exploratory and in-depth investigation
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(Yin, 2009; Shepard and Greene, 2003; Babbie, 2000), this approach emphasises the
importance of contextual and longitudinal perspectives. In our case, primary information
is collected from interviews with relevant informants. We also identify and analyse
secondary sources including governmental, organisational and other relevant technical
documents.
The process of evidence collection and case investigation proceeded through three
phases. In the first phase, secondary data were collected from a wide variety of sources
including national and local government websites, university websites, newspapers,
scholarly publications, patents, and researchers’ online curriculum vitae. The second
phase comprised interviews with key informants related to the case. These informants
included lead researchers, an officer in the State Intellectual Property Office (SIPO) of
China, local government science and technology executives, senior managers of local
textile companies, and senior executives in the local textile industry consortium. We
employed semi-structured interview protocols (with Institutional Review Board
approval). Field work and personal interviews were conducted in December 2009. We
promised anonymity and thus use pseudonyms for interviewees and affiliated universities
in this publication. In the third phase, based on information obtained from these sources,
we organised and analysed the evidence. Furthermore, additional documented
information was collected and follow-up telephone calls were made with interviewees for
clarification and confirmation.

3

Context

3.1 The focal technology
The focus of this study is the technology of producing nano-pigment inks for digital
inkjet textile printing. It is an advanced technology not only due to the complexity and
novelty of manipulating nano-scale pigment particles and making a stable waterborne ink
system containing nano-pigments, but also because digital inkjet printing is a new and
advanced technique in the textile industry. This section provides a brief overview of
digital inkjet textile printing and summarises the advantages of nano-pigment ink
technology.
Digital inkjet printing for textiles refers to the process of directly printing designs
using computer aided design and specialised dying and printing software systems. New
digital printing processes have many advantages over traditional screen printing.
Although the global textile printing market is still dominated by screen printing, digital
inkjet printing has been growing in scale and sophistication since the early 1980s,
bolstered by the rapid development of information and communication technologies and
by increasing industry attention to environmental impacts (Cahill, 2006; Ohno, 2006).
With direct inkjet sampling, the preparation of colour-separated positives or screens is no
longer necessary, which makes the industrial process more simple, flexible, and efficient.
This facilitates ‘just-in-time’ and customisation requirements (see Figure 1). Digital
inkjet printing is also more environment-friendly than conventional printing processes.
Compared with conventional printing, for the same output of printed textiles, digital
printing consumes 30% less water, uses less dye and reduces water waste and electricity
requirements by 97% and 45% respectively (Ohno, 2006). Additionally, higher image
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quality is obtained from digital inkjet printing (up to 2,880 dots per inch compared with
200 dots per inch for the conventional printing process).
Figure 1

Comparison of the process of (a) conventional textile printing and (b) digital inkjet
printing (see online version for colours)
Design concept
Plate‐making/design edition
done by traditional way

1wk
NO

Approval

YES

Design concept

Plate‐making

6~8wk

Color‐matching ink

Plate‐making/design
edition done by digital

1wk

Strike‐off

Strike‐off

NO
2wk

NO

Approval

YES
Production
(a)

Hrs

Approval

YES
Production
(b)

Source: Ohno (2006)

Ink is itself a crucial component of the digital inkjet printing technology used in the
textile industry. The development of inks thus affects (either promotes or limits) the
application of the new digital printing processes. Currently, commercial inks for digital
inkjet textile printing include dye-based (acid, reactive, and disperse) and pigment-based
inks. Scientists and manufacturers have recognised that pigments have many advantages
over dyes in textile dyeing and printing, such as offering a wider range of colours, better
light fastness, and greater acid stability (Fang, 2006). Pigment-based inks are adaptable to
more fabric types and generate fewer environmental issues as they require less pre- and
post-treatments (Table 1). However, since pigments are not dissolvable in water or other
organic solvents, a series of challenges for full utilisation are presented. The following
three challenges are most prominent (Fu, 2006; Fang et al., 2004; Fang, 2006):
•

developing an optimal method of preparing ultrafine pigment particles.

•

formulating multifunctional agent(s) that can work well as both dispersion agent(s)
and binder(s) to prepare a dispersion system containing pigment particles.

•

making a nano-pigment dispersion system that has adequate permanence properties,
enough shelf lifetime, low viscosity, and sufficient colour density.
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Comparisons of inks for digital inkjet textile printing

Ink type
Dye-based

Fabrics

Pre-treatment

Post-treatment

Acid

Silk, nylon, wool

Acid donor

Steam and wash

Reactive

Cotton, rayon

Alkali

High temperature,
steam, and wash

Disperse

Polyester

Thickener

Steam and wash

All

No

Dry heat

Pigment-based
Source: Fu (2006)

These challenges require both advances in scientific knowledge and practical solutions.
Although pigment-based inks are available in the global market from Huntsman, DuPont,
Irgaphor and some other chemical companies (Fang, 2006), their quality is still
problematic and thus R&D opportunities exist inside and outside of these giant
companies. Opportunities for individuals and organisations to address these technological
problems are expanded with the rise of nanotechnology material engineering capabilities
in an increasing number of countries, including emerging economies. Nanotechnology
not only provides tools for observation, examination and explanation at the atomic scale,
but also allows the manipulation of nano-particles to develop materials with desired
properties and functions. The focal technology of nano-pigment ink production offers an
example of the application of nanotechnology to derive improved solutions for some
long-standing technological problems in an existing industry.

3.2 Research team, regional context, and the textile industry in China
The research team studied in our case of nanomaterials innovation consists of a full
professor, an associate professor, and several graduate students. The professor, Prof. Wu
(pseudonym), led the entire development process, with other members entering and
exiting at different points. Prof. Wu earned his doctoral degree from a Chinese textile
university in the early 1990s. Within five years of completing his doctoral work, Prof.
Wu had become well-recognised in the field of textile chemicals, printing, and finishing.
He was awarded various honours and served as a senior member of leading national and
international professional organisations including the Chinese Association of Textile
Engineering, the Textile Engineering Education Committee of the Ministry of Education
(MOE), and the American Association of Textile Chemists and Colorists (AATCC). The
lead professor and the research team started their work on the focal technology at
University M1 in Shandong province, China, before moving to University M2 in Jiangsu
province, China.
Jiangsu and Shandong are two relatively well-developed provinces in China. Both of
them are among the top three Chinese provinces by real GDP per capital (Government
Online Resource, 2010). Jiangsu is north of the Shanghai metropolis and is in the
Yangtze River Delta region, with a border to the Yellow Sea. Shandong is north of
Jiangsu Province, also bordering the coast, in the Bohai Bay Region. Both regions
contain concentrations of economic activities with high levels of entrepreneurial
development (Alcorta et al., 2009; Kroll and Liefner, 2008). The two provinces
(especially Jiangsu) have been large recipients of public science and technology
investment and have relatively large numbers of R&D personnel. Using funding
acknowledgements of nanotechnology publications, Wang and Shapira (2011) identify
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the ten top funding agencies in China, including national research foundations, ministries,
and local governments, among which Jiangsu government ranks seventh and Shandong
tenth. This illustrates that these two provincial governments are active in supporting the
development of emerging technologies such as nanotechnology. Moreover, the two
provinces are among the first eight provinces to initiate eco-construction in China (Lau
et al., 2009), indicating their concerns and actions with regard to environmental
production. For example, Jiangsu aims to increase investment in environmental
protection from 2% of its GDP in 2002 to 3% by 2010 and to 4% by 2020 (Lau
et al., 2009).
China’s textile industry is among the largest and fastest growing exporters of textiles
and apparel worldwide, accounting for around one-fifth of the world’s total production
(Li & Fung Research Center, 2006). According to the Sub-Council of Textile Industry,
China Council for the Promotion for International Trade (CCPIT TEX), textiles and
apparel accounted for 11% of China’s total exports, and employed 19 million people in
China, with about 70% from rural areas in 2005. The textile industry makes significant
contributions to local economic development in Shandong and Jiangsu, and the two
provinces rank (with Zhejiang and Guangdong) among the top four provinces in China’s
textile industry (Li & Fung Research Center, 2006). However, the labour-intensive
production mode and pollution (especially water pollution created by textile printing) of
the industry has led to regulatory interventions of both central and local governments.
Additionally, companies in such traditional industries are often less favoured for
high-tech enterprise consideration and financial assistance (personal interview), although
our case presents an exception to this.
Figure 2

Stages of development: nano-pigment ink case (see online version for colours)

Nascent stage
(1999–2001)

 Technology awareness (AATCC
conference 1999)
 Initial research sponsorship ‐
NSFC grant (230,000 CNY) 2001
 Key achievement:
Understanding properties of
polycarboxylic molecule
 Outcomes: 8 publications (7
domestic; 1 international)

Maturation stage
(2002–2005)


•
•


•
•
•
•

•
•
•

Technology development
sponsorship:
863 program grant
National Key Technology R&D
Program
Investment from industry
partner: Jiangsu Silk Company
Key achievements:
optimised method for making
nano‐scale pigments
produced a multi‐functional
agent
waterborne nanoscale carbon
black dispersion
nanoscale hydrophilic pigment
dispersion system
Outcomes:
90 publications (69 domestic and
21 international
24 patents (7 granted, 2
licensed)
Six‐color ink system prototype

Commercialisation stage
(2006–2011)





•
•

Self‐funding
Key achievement: Ink
samples for high‐speed
digital inkjet printers
Outcomes:
startup company founded
(Qingdao)
technology licensed
(Jiangnan)

Source: Interviews and secondary documentation (see text), supplemented by
analysis of publication and patent databases (SCOPUS, China
Knowledge Resource Integrated Database, and the State Intellectual
Property Office database)
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Technology development trajectory

As with most new technologies, the development of nano-pigment inks has been a
continuous process, with subsequent improvements built upon earlier efforts and
achievements. However, to structure the analysis, we consider the development of our
focal technology case in three stages (see Figure 2). The nascent stage refers to the period
from late 1999 to 2002. During this period, when Prof. Wu was at University M1, the
basic idea was born, and the seed money for initial development was solicited from
public research programmes. The period from 2003 to 2005 – the maturation technology
stage – saw notable progress in research outcomes, including publications, patents, and
samples from the lab as well as a pilot production line. The commercialisation stage
began after government-sponsored projects had identified pathways for technology
deployment. Since then, public support has faded away, while private sector engagement
has grown. The following sections discuss these three stages in further detail.

4.1 The nascent stage (1999–2001)
Prof. Wu’s ideas for engaging in producing inks for digital inkjet textile printing can be
traced back to October 1999, when he attended the AATCC annual conference and
exhibition (personal interview). The then latest achievements and problems facing the
global community of textile dyeing and printing were presented at the conference and
recorded, by Prof. Wu, in an article published in China. The promising prospects for
digital inkjet printing technology depicted at the conference, combined with the potential
market size and environmental problems of China’s textile industry, inspired and
motivated Prof. Wu to initiate research on ‘green’ printing technology (personal
interview).
The first move was to apply for research funding. Based on a preliminary literature
review, a project was proposed to the National Science Foundation of China (NSFC). A
grant of RMB 230,000 (about US$ 32,900) was awarded in 2001. The NSFC grant was
rather modest but it did provide seed support to develop a fundamental understanding of
the properties of polycarboxylic molecules. The project led to multiple publications
(seven domestic articles and one international paper). The project also allowed Prof. Wu
to accumulate new knowledge spanning different technological fields related to the
principles of digital inkjet printing.

4.2 The maturation stage (2002–2005)
After acquiring a certain level of relevant scientific knowledge, the research team faced
an infrastructure problem. They could not produce nano-scale pigments without an
advanced milling machine, nor could they observe or test the properties of those particles
at that small scale without a potential analyser, surface tension metre, and other apparatus
specifically designed for nano-scale observation and examination. Additionally, they
needed a digital printer. Under Prof. Wu’s leadership, the team thus sought financial
support from various sources by proposing different research projects related to the core
of nano-pigment ink production technology. This led to two project awards funded in
2002 by nationally prestigious S&T programmes, namely the National High-Tech R&D
Programme (or 863 Programme) (RMB 1.8 million or US$257,000) and the National Key
Technology R&D Programme (RMB 0.5 million or US$71,000). During this phase,
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additional complementary funding from local government, University M2, and a
collaborative industry partner was committed to match the funds provided by the national
programmes. The 863 Programme required an industrial partner who also needed to
provide some funding. As it turned out, this first corporate partner only invested
200,000 RMB (US$28,600) before leaving at an early stage due to organisational changes
within the enterprise.
By the time the funding from the two national programmes was actually received,
Prof. Wu had been appointed to University M2 as a distinguished professor and moved
from Shandong to Jiangsu. University M2 offered additional support to Prof. Wu
including start-up research funding and lab space and enabled the establishment of a
research centre to develop technologies for inkjet textile printing (personal interview).
Advanced equipment, valued at around RMB 2 million (about US$285,000), was
purchased from international vendors for the centre. The most expensive and important
equipment items are listed in Table 2. With the new equipment installed, the research
team was able to rapidly move forward.
Table 2

Major laboratory equipment made available to the case study research team
(2002–2005)

Name

Type

Zeta potential analyser

Purchased from

Nano-ZS90

Malvern Co., UK

M110EHI

Microfluidics Co., USA

Grinding machine

MINIZETA

NETZSCH, Germany

Benchtop spectrophotometer

Premier 8400

X-Rite Co., USA

High-pressure micro jet-milling machine

Surface tension metre
Viscometer
Dispersion machine

CAM200

KSV Co., Finland

LVDV-11+

Brookfield Co., USA

RW20N

IKA Co., Japan

Source: Internal documents, University M2

In this three-year period, the team worked out solutions for advancing the focal
technology. These included optimising methods and processes for engineering nano-scale
pigments, making a multi-functional agent for a stable dispersion system containing
nano-pigments, preparing a nano-scale hydrophilic pigment dispersion system, and
producing waterborne nano-scale carbon black dispersion. This phase also saw
90 publications (69 domestic and 21 international) and 24 patent applications – a
stepwise increase in research outputs. Among the patent applications, seven were granted
and two of these were licensed. A pilot production line was built to produce ink samples
and products containing nano-pigments (‘pink series’) and to meet small orders. The line
produced inks in six colours (yellow, magenta, light magenta, cyan, light cyan, and black)
based on 50–150 nm pigment particles. These inks were tested using relevant
international quality indicators, such as wash and crock resistance. The results were
published with comparisons to other similar products available in the market. The pilot
line was used not only to demonstrate the quality of the ink products but also to derive
production data so as to gauge the investment required for scale-up. It was estimated that
RMB 5 million (US$0.7 million) would be the cost for building a line able to produce
200 tons annually.
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4.3 The commercialisation stage (2006–2011)
The Ministry of Science and Technology (MOST), the 863 Programme sponsor,
evaluated the funded project at the end of 2005. The peer review concluded that the
nano-pigment ink series developed by the research team had reached an international
advanced level. This review also signalled that the technology was ready for commercial
use, so no further project support was available from the public sector (personal
interview). The decision to commercialise the technology was now up to the research
team. If they decided to go for commercialisation, the team would have to take the
responsibility. In our case, the lead researcher and several team members chose to devote
themselves to marketing their technology. They actively contacted different textile
enterprises, gathered information about company needs, and continued to develop and
customise the technology to meet these needs. Among many improvements, the team
developed a solution for making inks suitable for a new generation of digital inkjet textile
printers with much faster printing speeds (personal interview).
In 2008, Prof. Wu left University M2 and returned to University M1 as a faculty
member while also becoming director of an R&D centre of a textile enterprise group. The
rest of the research team stayed at University M2. By December 2009, two distinct
models of technology commercialisation had emerged. The first was an independent
development and commercialisation model in which Prof. Wu founded a start-up firm to
produce nano-pigment inks. Prof. Wu decided to found this company because he was
dissatisfied with the royalties proposed by existing incumbent companies. The royalties
offered were much lower than his expectation (personal interview). The second model
was to license the technology. By early 2012, patent grants for nano pigment technology
were licensed to three companies. However, according to the lead researchers, it took a
long time to identify appropriate licensees and many rounds of negotiations
were necessary to reach agreements on royalties (personal interview). Thus, while
licenses were eventually agreed, the complications and time involved in making
such arrangements encouraged the pursuit of the start-up route, as shown in this case.
Prof. Wu continues to undertake publicly-sponsored research on key scientific and
technical problems related to this technology. This supports his ongoing efforts at
commercialisation and licensing, as well as offering potential new opportunities for
exploitation.

5

Assessment

The case described in this paper highlights the strategies pursued by the lead professor
and his research team to develop and commercialise a new nanotechnology in China.
Four broad themes emerge. First, Prof. Wu refined and leveraged his reputation as a ‘star
scientist’. He developed new research capabilities in an emerging field and promoted
these publicly during his early research career. This led to further opportunities to gain
access to information at the technology frontier, including international conference
participation. Funds were secured from a range of funding agencies and collaborative
relationships were initiated with industry. This process of accumulation of human and
social capital was a key preparatory step essential for exploiting new research ideas and
confronting the many barriers embedded in China’s current innovation system
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Second, Prof. Wu was clearly interested in both advancing scientific research and
exploiting technological and commercial opportunities. This combination is still
relatively new among Chinese researchers. It is common in Chinese research
organisations to find intense pressure to publish scientific research and a related underemphasis on research commercialisation. Our interviews confirmed the observations by
Wu (2010) that most universities in China still hesitate to fully embrace the
commercialisation mission despite increasing demands from the private sector for
scientific expertise and the growing availability of industry funding. Yet, given this
environment, it is a viable strategy for researchers to focus on topics where scientific and
technological knowledge can be developed hand in hand. Indeed, it was the ‘dual
knowledge’ nature of nano-pigment ink production technology that attracted Prof. Wu’s
involvement (personal interview).
Third, Prof. Wu and other team members actively embraced entrepreneurial activities.
The research team established and maintained links with local industry and local
government, as disclosed in interviews with researchers, textile company managers, local
government executives, and an executive from a local textile industry consortium. The
research team established relationships with key actors in the relevant innovation system,
and these good relationships in turn benefited the researchers by bringing them timely
information of market needs, funding sources, and potential collaborators for technology
transfer. The research team’s entrepreneurial commitment is seen in their stance towards
intellectual property rights (IPR). Without any requirement or bonus for patenting in both
universities, the researchers still took action to file patent applications, paying the
application fees and annual fees by themselves. When asked why they did this, research
team members highlighted the value of the improved IPR protection system in China, the
role of patents in eliciting industry partners, and most interestingly, that they have learned
strategic skills on how to disclose only part of the technology yet conceal its core
elements.
Finally, the researchers pursued an interdisciplinary approach. Nanotechnology is not
a unified technology with definite boundaries, but one spanning over many scientific and
technological fields. The nano-pigment ink production technology in our case
exemplifies the interdisciplinary nature of nanotechnology as it entails knowledge from
chemical engineering, material science, electronic engineering, digital technology
(hardware and software), and chromatology. An interdisciplinary approach proved to be
essential in advancing nano-pigment ink production technology. This involved pursuing
practical goals and maintaining a problem-solving orientation based on access to
contextual information from industry and consideration of technological, economic and
environmental issues. In our case, the advancement of the technology required the
investment of time and effort in acquiring knowledge from multiple fields, some of which
were initially unfamiliar to the researchers, such as electronic engineering and digital
printer technology.

6

Discussion and conclusions

Our case offers a narrative about technology development and commercialisation of
nano-materials in China. Barriers and gaps, however, exist in the story partly as
characteristics of Chinese innovation system and partly related to the nature of
nanotechnology. Even though considerable funding and infrastructural facilities have
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been invested to promote the flow of university-based research to industry, innovation
and technology transfer activities have not yet been fully valued and supported by
Chinese universities (Wu, 2010; Wu and Zhou, 2011). In our case, this was reflected in
the intense pressure (reported in personal interviews) to publish and the lack of organised
technology transfer units to initiate and facilitate patenting, licensing, and other
commercial processes. Universities in China have historically been regarded as
institutions for educating knowledge workers and undertaking basic research but not for
knowledge diffusion and application (Wu and Zhou, 2011). The competing requirements
of education and research now present major challenges for academic scientists to
commercialise their research. Even in our case, where new scientific knowledge was
expected to be acquired through the technological development process, tensions between
knowledge generation and commercialisation were reported by the researchers we
interviewed. It forced these scientists to increase the number of hours worked each week.
While this works for scientists with a strong entrepreneurial capability and propensity,
the overriding pressure in China to publish may constrain many other scientists,
particularly younger ones, from commercialising their scientific discoveries.
Our case illustrates a gap between private enterprises and researchers with regard to a
new technology’s potential value. In China, as elsewhere, enterprises (especially small
and medium sized enterprises) are often risk-averse when considering new technologies
due to limitations in financial and technology absorptive capabilities. They typically
consider a new technology only if assured that the benefits clearly outweigh the costs.
The information and experience needed to assess the benefits and tradeoffs associated
with a new technology are not readily available. Most enterprises are thus reluctant to
assume the risks of investing in and adopting an untested new technology,
notwithstanding its potential to bring significant benefits to first movers in the market.
This gap has been confirmed in a study analysing survey data from 950 industrial
enterprises in Beijing, where these companies perceive that technologies developed from
academic research are often immature and require costly further development with
uncertain market value (Guan et al., 2005). Other studies of university-industry linkage in
China also point to the discrepancy between researchers and industrial enterprises on the
economic value of new university-developed technologies (e.g., Wu and Zhou, 2011;
Zhou, 2005). On the other side, researchers frequently highlight the path-breaking
significance and market potential of the new technologies that they develop. This leads
some (although not the majority) of researchers to become more engaged in applied
development and commercialisation. Yet, although equipped with scientific and
technological knowledge, researcher’s efforts to foster commercialisation can be stymied
by the realities of market conditions including the reluctance or inability of enterprises
and other investors to embrace new research innovations. Our case demonstrates these
tensions and indicates how motivated researchers seek to find pathways through
commercialisation barriers.
While challenges of research commercialisation are ubiquitous in China’s innovation
system, the novel and interdisciplinary nature of nanotechnology (and other emerging
technologies) adds further complexities, as suggested in our case. The development of
applications for a new technology is an iterative learning process for researchers, in
which they test different approaches and, in an interdisciplinary domain, incorporate
contextual information and knowledge from multiple fields. Enterprises will frequently
have difficulties absorbing these new approaches into their frameworks of innovation and
operation if they are simply assigned a receiving ‘end of pipeline’ role. Yet we do see
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significant changes in the innovation system in China which lean more towards
concurrent and interactive formulations. Indeed, in our case, it was these changes that
offered opportunities for the lead professor to overcome various structural barriers and
navigate this particular nanotechnology development into the commercial sphere. One of
the notable changes is the availability of more diversified funding sources. Funding
agencies and programmes in China now support both technological commercialisation
and scientific advancement, with increased industry funding also flowing into academic
research via various avenues (consulting, licensing, cooperative commercialisation, etc.).
While the higher education sector in China has long operated on the state-centred model
(Wu and Zhou, 2005), such changes allow faculty researchers with entrepreneurial
ambitions to have greater autonomy and flexibility to choose topics and ways to interact
with industry. Our case study suggests that these diverse relationships, backed by
financial support, whether vertically or horizontally, enhance the dynamics of interactions
and learning and especially benefit technologies that are still in their initial development
stage.
Another change is the greater recognition of, and more effective protection for, IPR.
Although patent licensing serves as a major mechanism for universities to diffuse
innovation in the West, it has been underutilised in China (Wu and Zhou, 2011). There
are both institutional level and individual level reasons. Historically, Chinese patent
procedures for intellectual property protection were designed not so much for creating
commercial opportunities, but rather for evaluating research quality (personal interview
with SIPO official). Patent applicants and review and regulatory agencies (including
SIPO) typically put more emphasis on the quality signaled by patents than on measures to
protect the intellectual property itself. At the individual level, faculty entrepreneurs prefer
consultancy or other informal commercial activities to patent licensing because the latter
option implies royalty sharing with the university or department as well as transaction
and other costs associated with formal IPR methods (Wu and Zhou, 2011). However, in
recent years, SIPO has sought to adapt the Chinese IPR system to better support and
protect formal technology transfer mechanisms. Enterprises and researchers increasingly
recognise the importance of IPR and are aware of the improving IPR environment in
China. This makes them more appreciative of the need to strategically acquire and protect
intellectual property. Further training, support and regulatory enforcement is surely
necessary, but – as our case demonstrates – intellectual property is now becoming
increasingly important in the commercialisation process of scientific discovery in China,
alongside other efforts to stimulate innovation. Nanotechnology, as a cutting-edge
technology, could be among the beneficiaries of the changing IPR context in China.
Potentially, this could accelerate advanced technology transfer from Chinese universities
to enterprises engaged in Chinese and global markets.
Our analysis of a case of innovation in nano-pigment ink technology provides a
snapshot of the Chinese innovation system which emphasises learning, change, and the
development of a more dynamic environment. It also underscores two arguments at the
core of the notion of national innovation systems (Freeman, 1995; Lundvall, 1992;
Nelson, 1992). First, universities have the potential to play a crucial role in an advancing
knowledge economies and spillovers. Second, processes of learning and interaction are
fundamental building blocks for an effective innovation system. To return to the original
question raised at the beginning of this study, our case study suggests that the
development trajectory of nanotechnology in China demonstrates both the science-based
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nature of nanotechnology and the influence of the Chinese innovation context. Our case
highlights the changing role of universities, the emergence of entrepreneurial academic
research leaders, the availability of more diverse forms of sponsorship to support new
technology commercialisation, and a more favourable IPR regime for emerging
technologies. Meanwhile, the limitations of this case should be recognised: although we
were able to discern the development of new approaches to research commercialisation in
an emerging technology, we cannot in this single study quantify or generalise the extent
of such developments nor assess the overall business and technological implications.
What our study does offer is a signal that shifts are underway in the Chinese innovation
system, with capabilities being built not only to undertake advanced research in emerging
technologies but also to engage research institutions in the entrepreneurial application
and deployment of that new scientific knowledge into industry.
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