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Abstract: This paper discusses a novel method to clean VOC from any sources. Photocatalysis surpasses any other
technologies in air purification for absorption of volatile organic compounds. A key component is the use of ultraviolet light to
activate a photo-catalysis process that can also disinfect microorganisms including bacteria, viruses, moulds and even
infectious diseases. The by-products of the photocatalytic process is only carbon dioxide and water. Results as tested by the
Chinese government agency for its VOC removal efficacy at several factories is most encouraging. In conclusion, we have
found a technology that can help clean the increasing air pollution in China to improve public health.
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1. Introduction

In western cities, the average person's respiratory system
has to eliminate, every day, over 15 ml of particulate matter
including dust, pollen, tar, acids, smoke, bacteria, carbon,
metals and many other particles. The air quality of Beijing is
16 times worse than New York City and can soar to 40 times
the International Safety Standard [1] [2]. The results showed
that ambient air pollution had acute and chronic effects on
mortality, morbidity [3], hospital admissions, clinical
symptoms, lung function changes, and even cancer. The
exposure—response relationship between air pollutants and
daily mortality, morbidity, hospital admissions, and lung
function has been established accordingly [4].

In a recent report of February 2016 from the Royal College
of Physicians [5], entitled, "Every breath we take - The
lifelong impact of air pollution" states the following.

"4-3 million people die annually from household air
pollution, around 3-3 million of whom live in Asia. The major
causes of these deaths are stroke, ischaemic heart disease,
chronic and acute lung disease, and lung cancer. WHO
estimates that 3-7 million people die annually from ambient
air pollution, again most of whom (2-6 million) live in Asia.
The ranking of causes of deaths remains broadly similar. Most
of those at risk of ambient air pollution live in urban settings."

"This damage occurs across a lifetime, from a baby’s first
weeks in the womb all the way through to the years of older age."

"Harm to babies and children will have an impact that lasts
far into the future. For the same reason, any air quality
improvements we make now will have long-lasting benefits."

"Older people, and adults with long-term conditions, are
also vulnerable to the effects of air pollution."

The body automatically copes with such foreign matters by
increasing blood flow, increasing air intake, tearing and
sneezing, thus decreasing the person's alertness and
efficiency. The economic costs of the health damage due to
particulate air pollution in urban areas of Shanghai in 2001
was approximately 625.40 million US dollars, accounting for
1.03% of gross domestic product of the city [6]. Thus any
means to clean the air has direct health and economic
benefits.

2. Technologies for Removing VOC

VOC are a volatile organic compound. VOC emission
control technologies include activated carbon adsorption,
absorption, combustion, photocatalytic oxidation,
condensation,  biological treatment, etc. = Common
technologies for removal of VOC in waste gas treatment
include the following:

2.1. Adsorption Method

Adsorption using certain substances such as activated
carbon, silica gel, zeolite, activated alumina, or any porous
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materials with adsorption properties such that it can eliminate
harmful pollution. Microporous and mesoporous materials
have been widely used in the adsorption process. However, the
most commonly is activated carbon, silica gel and molecular
sieves. Unfortunately these materials have low adsorption
capacity, become saturated and require frequent replacement.
They are also issues of flammability and other problems
associated with regeneration.

2.2. Solvent Absorption Method

Liquid solvent as absorption agent converts harmful gasses
using liquid absorption, to render them benign. This type of
process for gaseous pollutants can handle gas flows at
3000~15 000 m*/h. VOC removal rate can reach 95%~98%,
for concentrations of 0.05%~0.5% (volume fraction).

There are still shortcomings including high capital and
operating costs, complexity and limited efficacy to some
organic components. It is not ideal since it is prone to
secondary pollution.

2.3. Thermal Destruction Method

Heat damage by direct combustion method, catalytic
combustion method and concentrated combustion method.
The failure mechanism is thermal cracking and oxidation,
thermal decomposition, so as to achieve the objective of
controlling VOCs. Thermal destruction method for small
volume, high concentrations of gases, for the continuous
emission of gases, using simple equipment, low investment,
easy to operate, covering an area of less, recycled energy, gas
cleaning thoroughly. But by combustion and explosion
dangerous heat, heat, burning fuel consumption, not recycled
solvents.

2.4. Biological Treatment

Biological treatment technology for waste gas treatment is
an emerging technology. Common biological treatment
processes include biological filtration, biological trickling
filtration, biological cleaning method, membrane bioreactor
and method of rotating disc bio-filter reactor.

Biofilm is the use of microbial metabolic processes on a
variety of organic and some inorganic biodegradable,
generates CO, and H,O. It can be effective in removal of
contaminants from industrial emissions. This method is
simple, low operation and maintenance costs, and no
secondary pollution. But removal efficiency is poor and
requires long retention time. Results varies for complex
composition of exhaust gases.

2.5. Photocatalysis

Photochemistry is chemical reactions induced by
electromagnetic radiation (usually “light”). Where the
induced reactions involve a “light-activated” catalyst, the
process is called “photocatalysis”. Photosynthesis (the
process by which plants use sunlight to convert carbon
dioxide and water into complex carbohydrates and oxygen),
is a natural photocatalytic process (figure 1). During the
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1980’s and 1990’s intensive scientific and commercial
activity followed the discovery that ultraviolet light shining
on photocatalytic materials produced free-radical species and
positively charged “holes” at the photocatalyst surface that
aggressively and efficiently destroyed organic molecules,
converting them into carbon dioxide and water (the reverse
of photosynthesis). This process is commonly called
photocatalytic “oxidation” or “PCO” even though both
oxidation and reduction occur. The efficiency of the PCO
process is dependent upon (a) the wavelength and intensity of
the UV light, and (b) the surface area of photocatalyst
exposed to the UV light. Specific titanium dioxide has strong
photo catalyst reaction. It has strong oxidation and
decomposition strength.
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Fig. 1. Photocatalytic process as compared to photosynthesis.

Certain wavelengths of light shining on a semi-conductor
surface can also free electrons from the surface to participate
in pollution scavenging (free-radical scavenging). Titanium
dioxide, TiO,, is one such semi-conductor. Among the many
semi-conducting materials, TiO,, is most extensively used
because it has the advantages of low cost, abundance,
chemical inertness, ease of manufacture and processing, and
excellent photocatalytic activity in the UV region of the
electromagnetic spectrum. Titanium is the eighth most
abundant element in the earth’s crust. Annual production of
titanium dioxide is approximately 2 million tonnes, for use as
a benign colourant in food, cosmetics, toothpaste, paint,
paper, and plastics. The World Health Organization and the
US Environmental Protection Agency consider the toxicity
and epidemiology of exposure to titanium dioxide to be
minimal [7]. There are no negative health concerns.

3. Photo-Catalysis for Removing VOC

Wide-area applications of photocatalysis are reported to
reduce airborne nitrogen oxides (NOx’s) by up to 60% and
volatile organic compounds (VOCs) by up to 80% in treated
areas [8]. A major source of urban air pollution is vehicular
exhaust [9]. Photocatalytic reactor system can operate for
years with much less operator intervention and expense than
filter systems, discussed above.

3.1. Preliminary Laboratory Results of Photocatalysis

Laboratory testing for Total Volatile Organic Compounds
(TVOC) using acetone removed 99% of the acetone within
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90 minutes (figure 2), and 99% of isopropyl alcohol in 120
minutes (figure 3) [10].
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Fig. 3. TVOC — Isopropyl Alcohol.

3.2. Results of Photocatalysis Treatment in a Paint Shop

We conducted a photocatalytic oxidation project (a
partnership R&D between China and Canada, CanChi
Envirotech Inc.) in China where a prototype unit was brought
to determine the removal rate of VOC emissions from a
Volkswagen painting and baking chamber (figure 4).

Testing was done on Friday Nov 27, 2015 and the results
came back from the government testing agency on Friday
December 4, 2015.
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Fig. 4. Removal of VOC in a paint chamber.

With one pass-through the prototype unit, the test results
for upstream (input) and downstream (output) of the
prototype test unit, and the calculated removal efficiency is
seen in Table 1.

Table 1. Test results with one pass-through of the prototype unit.

VOC INPU;l" OUTPU3 REMOVAL
mg/m T mg/m EFFICIENCY

benzene 0.553 0.458 18%

methylbenzene 1.028 0.989 4%

xylene/ dimethylbenzene 45.1 37.2 18%

non-methane hydrocarbons 32.0 10.6 67%

TVOC 264 120 55%

The by-products of this treatment is carbon dioxide (CO,)
and water vapour. The amount of what is important is to meet
the air quality standard of China for emissions. The target
concentration for VOC emissions are as follows.

Benzene >1 mg/m’

Toluene + xylene < 18 mg/m’

Non-methane hydrocarbons < 120 mg/m’

TVOC < 90 mg/m’

Post treatment of VOC emissions from our prototype meet
the China air quality standard except for xylene that need about
5 more treatments. TVOC will require one additional treatment.
Each treatment can be achieved by another pass through the
photocatalysis unit. Recirculation is not possible since direct
exhaust and 100% make-up air is required in this paint shop.
Thus several treatments in series is possible (figure 5).

Fig. 5. Five slots for photocatalysis media positioned in series for multiple
treatments.

3.3. Pre-filtration to Ensure Performance Efficacy

Crucial to the performance efficacy of photocatalysis is the
catalytic reaction when UV light is incident on the TiO,
coating on quartz fibres. The design parameter is to ensure
UV light is not shaded from particulates being drawn through
the treatment unit. Particulate filter must be installed
upstream of the photocatalytic media. Typically MERV 14 is
recommended to ensure fine particulates do not clog up the
photocatalytic media. MERV 14 removes 75%-85% of
particles with an arrestance rate of 98%. The Dust-Spot
efficiency is 90%-95%. Higher efficiency air filter would be
better but this will result in increased static pressure.
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4. Photo-Catalysis for Disinfection microorganisms (e.g., variables include air flow, humidity,
intensity and wavelength of UV light, and exposure time).
However, germicidal UV light (e.g., of wavelength 253.7
nanometers in the germicidal UV-C band) will progressively
kill any DNA-based organism given enough cumulative
dosage.

When photocatalyst is exposed to light in the presence of
water vapour, two highly reactive substances are formed:
hydroxyl radicals [OH] and a superoxide anion [O2-1]. It
allows the oxidation of airborne VOCs and toxic organic

matter into carbon dioxide (CO;) and water at room An experiment was conducted to determine the kill rate for

temperature With, UV or nee.lr—UV l.ight source. Using  yarigys exposure times to UV light for three fungi species.
short-wave ultraviolet (UV) radiation with a peak at 254 nm Figure 6 shows that 75% and 80%-95% of the fungi were
(UVCQ) for the photocatalysis also serves as germicidal action.

A dosage of 3,000 microWatt-seconds/cm’ is sufficient to
kill/deactivate up to 90% of many common microbes [11].
Many variables in a real world environment complicate
calculation and meaningful measurement of effective
ultraviolet germicidal irradiation (UVGI) dosages for

killed after 5 and 10 seconds respectively [12]. Laboratory test
for bacteria using Escherichia coli removed 97% of the
airborne microbial pollutants within 120 minutes (fig. 7). The
photocatalysis technology acts like a “lightning strike™ at the
molecular level (nanoscale), destroying both microbes and
odours (not "trapping" like filters).
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Fig. 6. Results of UV exposure time on kill rate of three fungi species.
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Fig. 7. Total bacteria count — Escherichia coli.
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5. Combining the Technologies

Fig. 9. Air purification unit scaled up for large volume air intake.

There are many sources of VOC emissions in indoor
spaces such as from paints, finishes and furnishings.
Characterisation of VOC emission from building contents
have been studied [13]. Having a portable air purifier in a
room is insufficient because occupants require outdoor air
that brings in necessary oxygen. But the outdoor air is
polluted and must be cleaned before brought inside. The

aforementioned  technologies  (particulate  filtration,
photocatalysis media, and UV disinfection light) are brought
together in several prototype units for testing its efficacy
(figure 8) and installation (figure 9). The air purification unit
can be scaled up to almost any size for whole building [14].
Future papers will discuss the results of testing these
combined technologies and the potential synergetic
relationships between them. Other studies found a
nano-catalyst filter coated with manganese oxide-based
nano-catalyst removed 100% of particle substances of
cigarette smoke, such as nicotine and tar, converting those
into water vapour and carbon dioxide. They also suggest
great potential for converged with other technologies. [15]

6. Conclusion

The results of our testing is encouraging as the Central
Chinese Government set a VOC limit for factory emissions
and for offgassing of solvent-containing products. An
environmental tax will be applied to VOC emissions such as
coatings over this VOC limit. Different products with different
VOC limits will be classified. There will be great demand for
removal of VOC emissions.

An air purification unit that combines particulate filtration,
VOC absorption, and germicidal properties using
photocatalysis has proven effective in cleaning outdoor air
brought inside or removing indoor air contaminants.
Photocatalysis surpasses any other technologies in air
purification (Table 2). Whereas other air purification
technologies can remove air contaminants, there are waste
by-products and replacement of the media. Activated
charcoal is widely used but it quickly becomes saturated and
must be replaced. Activated charcoal can be regenerated by
baking off the VOC, but this process merely transfer the
VOC that is captured by the activate charcoal to another
location. The primary advantage of photocatalysis is that the
by-product are benign and no waste as it converts the VOC
contaminants to only carbon dioxide and water vapour.

One study found some air purifiers using photocatalytic
oxidation may emits formaldehyde [16]. But our instruments
do not detect any formaldehyde by-product.

Table 2. Comparing the air removal efficiencies of various technologies compared to photocatalysis.

HEPA Filter Electro-static Ozone uv Photo-catalysis

Mould Poor Good Good Good Excellent
Bacteria Poor Good Good Good Excellent

Dust Mites Poor Poor Poor Good Excellent
Gasses Poor Poor Good Good Excellent
Odours Poor Good Good Poor Excellent
Smoke Good Good Good Poor Good

VOCs Poor Poor Good Good Excellent

Pet Dander Good Good Good Good Excellent
By-products Replace-ment Cleaning 03 CO, + H,O




67 Tang G. Lee: Converting Volatile Organic Compounds to CO, and Water

Acknowledgements

Sponsored by The State Laboratory of Sub-tropical
Architecture, South China University of Technology,
Guangzhou, China.

Design, manufacturing and prototype in-house testing by
CanChi Envirotech Inc, a consortium partnership between
Canada and China.

References

[1] http://www.dailymail.co.uk/news/article-2558548/Air-pollutio
n-Beijing-city-uninhabitable-human-beings-according-environ
mental-study.html

[2] http://www.huffingtonpost.com/2013/10/21/super-smog-beijin
g-china_n_4134226.html

[3] Minsi Zhang, Yu Song and Xuhui Cai. A health-based
assessment of particulate air pollution in urban areas of
Beijing in 2000-2004. Science of the Total Environment 376
(2007) 100-108.

[4] Bingheng Chen, Chuanjie Hong, Haidong Kan. Exposures and
health outcomes from outdoor air pollutants in China.
Toxicology 198 (2004) 291-300.

[5] Royal College of Physicians. Every breath we take: the lifelong
impact of air pollution. Report of a working party. London:
RCP, 2016. Royal College of Pediatrics and Child Health,
February 2016

[6] Haidong Kan, Bingheng Chen. Particulate air pollution in
urban areas of Shanghai, China: health-based economic
assessment. Science of the Total Environment 322 (2004) 71—
79.

[7]1 () Titanium Dioxide. Inhalation Toxicology and Epidemiology,
Paul M. Hext, John A. Tomenson, and Peter Thompson, Annals
of Occupational Hygiene, March 24, 2005, 49 (6), 461-472. (b)
Titanium Dioxide: Exemption from the Requirements of a

(8]

[13]

Tolerance, U.S. Environmental Protection Agency, March 25,
1998.

Photocatalytic Coating on Road Pavements/Structures for NOx
Abatement, Lamar University, December 12, 2005 (and
references therein). See
http:/files.harc.edu/Projects/JointCenter/Meetings/RR200512/
ProjectPhotocatalyticCoating.pdf

(a) Unique project highlights effective ways to reduce vehicle
emissions, CASA News Release - vehicle emissions study,
October 12, 2006. Don t Drive and Breathe, Bob Weinhold,
Environmental Health Perspectives, V 109, n. 9, September,
2001. Understanding Air Pollution Near Urban Roadways: A
Research Study, EPA research highlights, EM magazine, p. 30,
December 2006.

Air Quality Assessment for Mr. Seck Hong Chee’s Healthcare
Cum Illumination Device at Tras Trading Sitting Room.
Analytical Laboratories (Singapore) Pte. Ltd. May 18, 2010.

E. David Day, Morphic Envirotech, Morphdir 36W
Photocatalytic UV Air Purifier, Owner/Operator Manual.
Morphic Envirotech Inc., Calgary, 2011, P. 2.

Conducted by: Professor Tang Gim Lee, The University of
Calgary, in the laboratory of Bio-chem Consulting Services
(1980) Ltd., Calgary, April 1, 2001.

Wang, HaiLin, Nie, Lie, Li, Jing, etal. Characterization and
assessment of volatile organic compounds (VOCs) emissions
from  typical industries, Chinese Science Bulletin,
Environmental Chemistry, Vo. 58, No. 7: 724-730, March
2013.

Air purification units by Dexon Canada Air Systems Inc.
Calgary, Alberta Canada. http://www.dexoncanada.com/

Jongsoo Jurng, Nanometer catalyst cleans up bad cigarette
smoke in smoking room. KIST Project Management Team,
#2745, Korea Institute of Science and Technology 2015-07-08.

Lexuan Zhong, Fariborz Haghighat. Photocatalytic air
cleaners and materials technologies — Abilities and limitations.
Building and  Environment, 2015; 91: 191 DOL
10.1016/j.buildenv.2015.01.033.



