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ABSTRACT
The popularity of ultraviolet aA dismfection systems is
increasing with advancesin lamp technology, and more reliable
data about the effectiveness of UV. These advances have
resulted in more commercial interest of UV for air treatment
systems. One of the problems associated .with UV air
disinfection systems is the fouling of quartz lamps and sleeves
that reduces the disinfection efficiency in traditional UV systems.
The decreasein the average UV intensity transmitted to the air
due to fouling and the necessarycleaning of the quartz lamps and
sleeves adds sigrificant cost to a standard UV system.
Additionally, due to the fragile properties of quartz lamps and
sleeves, the potential for breakage and subsequent air
contamination is always present in HVAC qystems. Therefore
Aom a cost, maintenance and safety stand point; it would be best
if quartz sleeves and lamps could be protected with non-fouling
and non-breaking propertles.

Fouling of the unit's quartz surfaces reduces the light energy
reaching the air. Typically, high quality fused quartz sleeves
have a UV transmittance of more than ninety percent (90%)
when new and clean. With time, the surfaces of the quartz
sleeves that are in contact with the air in the system start
collecting organic and inorganic debris - such as dust particles,
etc. - causing a reduction in UV tansmission. The amowrt of
fouling on &e lamp sleeve will depend on the quality of ar
(frltered air or non-filtered air), as well as the material of which
the quartz sleeve is made. It is therefore very important to
maintain the surfaces of the sleevesto ensure that they are clean
and free of deposits. ln order to keep the maintenancecosts low,
one can look into other types of material for the replacernentof
the quartz sleeve. The material should have non-fouling and
non-breaking properties with th9 most UV transmission
capability a1254.7 nrn. The quarz itself is famous for being
very fragile and can break during shipment or cleaning. This
poses a potential health hazmd to maintenanc€ personnel and
those in the downsteam airflow. In order to reduce maintenance
costs"new materials have been evaluatedand patents applied for.
A typical in-line germicidal UV air disinfection system with
multiple lamps is shown in Figure 1.

INTRODUCTION
Numerous regulatory, process and system desigr changes have
impacted the use and implementation of germicidal ultaviolet
(UV) disinfection systems. A wide range of applications has
rezulted in the use of germicidal UV systemsfor air disinfection
in the United States. Germicidal UV air disinfection systemsare
receiving increased attention in the HVAC industry, as a nonchemical method that can contribute to the improvement of
indoor air quahty (IAQ) (4,5,7-13). There has been extensive
research on ultraviolet light disinfection technology in air
There are several factors that affect
applications (l-3,6)
ulkaviolet light effrciency, such as lamp output, lamp aging, and
fouling of contact surfaces.
EQUIPMENT OPERATIONAL

FACTORS

Ultraviolet lamp effrciencies decline over time. Therefore, it is
important when adopting a minimum intensity threshold for
ultraviolet light treatnent for the standard to state the output of
the lamp at its lowest point according to the manufacturer's
suggested effective time of usage. hdustry brochures show
approximately thirty percent (30%) reduction in light
transmission effrciency over a period of 10,000 hours. Operators
and maintenance crews need to be adequatelytrained to service
the equipment as recommendedby the manufacturer

Figure l. In-line germicidal UV air disinfection system for
HVAC ducting with Fluoro-Safero sleevetechnology.
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inches with polished sides facing toward the lamp. There are
two openings on both sides of the box to accbmmodatea lamp
and sleeve combination with a diameter of 3 inches. The
openings are located in the middle arlrd0.2inch above the base.
The UV irradiance measurementswere made through a 0.7-inch
diameter port located in the middle of the top plate of the box,
directly above the lamp (see Figure 3). The majo.rity of UV
disinfection applications use low pressure mercury arc lamps,
producing primarily a wavelength of 253.7 rrn. The research
presented in this study incorporates low-pressure-high-output
(LPHO) lamps with a wavelength of 253.1 nm^ and the UV
irradiance from LPHO lamps was measuredwith a Spectroline
DRC-100X radiometerequippedwith a DIX-254A UV-C sensor
calibrated by the manufacturer to standards of the National
Institute of Standards and Technolory 0.IIST)
Tests were
performed on four different gpes of sleeves. Each test was
repeatedwith a different set of sleeveswith the samedimensions
in order to check consistency. A LPHO lamp was used for this
test, and UV lamp output effrciency comparison between the LO
lamp and the LPHO lamp was made. Additionally, breakage
testing was performed on the sleeved lamps to observe any
visible signsofcontent spill.

One possible solution to addressthe problem of quartz breakage
is by studying the properties of a specially engineered sleeve
(patent pending), called Fluoro-Safel\' Gigwe 2). The nonfouling properties of the material that are used to make the
sleevesreduces the need for most physical or chemical cleaning
and hence, reduces the cost as well as maintenancetime for most
UV air disinfection rurits. In case of impact to the lamp, the
Fluoro-Saferuurap retains the pieces of glass as well as other
contents from the lamp within a sealed environment; therefore
helping to prevent contamination to the downstream air flow.
The test data presentedwill show the UV transmittance at 253.7
nm for various tlpes and thicknesses of the Fluoro-Safelv
sleeves as well as data on the rmprovement of the surface
reflectivity in a model UV germicidal air disinfection system. It
will be shown that any UV en€rgy loss due to the use of the
Fluoro-Saferu material is recovered fully by the right design,
thickness of the sleeve material and lamp type. Additionally it
will be shown that a reflective material placed on the inner walls
of the air disinfection rurit where the UV lamps me placed,
dramatically increases the UV intensity, therefore, achieving
adequatedisinfection of the air steam.
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Figure 3. UV TestBox-

Figure 2 Close-up view of the Fluoro-Saferu sleeved germicidal
UVlamps.

RESULTS AND DISCUSSION

TEST SETI.JP

All the tests were carried out at room temperature and in air for
UV transrnittanceof the materials mentioned above. Test results
are summarized in Figures 4-8. From the results, material D
tums out to be the best material in transmitting UV at 253.7 nm,
followed by material E, material A" material B, dnd material C,
respectively. The sleeved lamps also were field tested and
operated in air for about 2,500 hours with no deteriorationof the
sleeve. The sleevedlamps were dropped from a height of 3 ft,

Various Fluoro-Saferu sleeveswere used made of ffierent types
of materials and thicknesses for a comparison of UV
transmittance at254 m, see Table L
For UV energy recovery, a cube was made of mirror-finished
aluminum sheets with dimensions of 5 inches x 5 inches x 5
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A

Material Type

sleevedimensions
Table1. Fluoro-Saferu
D
D
D
C
B

E

E

E

Quartz

0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.8s8

InnerDiameter(in)
ThicknessT, (in)

0.42 0 . 0 1 7 0.02

0.02

0.04

0.06

0.02

0.06

0.04

0.057
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Figure 6. Test # 3 = Test I is repeated with another set of
sleevesof the samedimension.

Figwe 4. Test# l, krnerdiameterof the sleevesis 0.875 inch.
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Figure 5. Test # 2 : Test I is repeated with another set of
sleevesof the samedimension.

Figure 7. The percentUV transmittancethroughthe skin of
variousFluoro-Saferusleeves.

and although the lamp broke in three different places, the
contents, as well as the broken quartz were contained within the
sleeved environment of the lamp and the overall physical
dimensions of the lamp were preserved. Also a thidy percent
(30%) drop in irradiance measurementswas observed after the
bottom of the surface was replaced with a wooden piece. It was
observed that LPHO lamps gave an ouput about 2.5 times
greater than those of the LP lamps. From the results, one can
conclude that the engineered material definitely shows promise
in UV air applications.
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