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(57) Abrége/Abstract:
A high intensity, high temperature UV Lamp reactor system for treating aqueous media on a continuous flow basis Is provided.

The reactor system comprises a cylindrical reactor vessel, having inlets and outlets which permit the agueous media to flow on a
continuous basis through the reactor, a cylindrical UV lamp provided in the vessel and concentric therewith, a cylindrical UV
transparent sheath for isolating the UV lamp from the interior space of the reactor vessel, the sheath and lamp being concentric
with the cylindrical vessel, the sheath being sealed to the ends of the vessel to Isolate the UV lamp from the agueous media
flowing through the annular reactor chamber, a brush device Is provided for brushing the exterior surface of the sheath to
remove therefrom materials deposited from the agqueous media, the brush having at least two brushes with bristles extending
radially inwardly towards the sheath as the brushes encompass the sheath, the brushes are coupled together in spaced apart
manner on the sheath with a device for reciprocating the brushes along the sheath exterior, preferably on a periodic basis to
remove any deposited material from the sheath and thereby maintain an acceptable level of UV radiation transmitted into the

annular chamber of the reactor.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




PC[‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION

International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification > : (11) International Publication Number: WO 92/225062

Co2ZKF1/32 2 1 O 9 7 1 8 Al (43) International Publication Date: 23 December 1992 (23.12.92)

PP PE——

(21) International Application Number: PCT/CA92/00254 | (81) Designated States: AT (European patent), AU, BE (Euro-

pean patent), CA, CH (European patent), DE (Euro-

(22) International Filing Date: 12 June 1992 (12.06.92) pean patent), DK (European patent), ES (European pa- |
tent), FR (European patent), GB (European patent), GR
(European patent), IT (European patent), JP, LU (Euro- |
{30) Priority data: pean patent), MC (European patent), NL (European pa- |
717,781 17 June 1991 (17.06.91) US tent), SE (European patent). '

.

(71) Applicant: SOLARCHEM ENTERPRISES INC. [CA/| Published |
CAJ; 40 West Wilmot Street, Unit 5, Richmond Hill, With international search report.

Ontario LAB 1H8 (CA). | )
(72) Inventor: HALLETT, Ron, C. ; 526 McLeod Crescent, |
Pickering, Ontario L1W 3MS (CA). |

(74) Agent: WOOLDEY, John, H.; Sim & McBurney, 330 Uni-

versity Avenue, Suite 701, Toronto, Ontario M5G 1R7
(CA). -

| |
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; (57) Abstract

1 A high intensity, high temperature UV Lamp reactor system for
treating aqueous media on a centinuous flow basis 1s provided. The reac-
| tor system comprises: a cylindrical reactor vessel, having inlets and outlets
which permit the aqueous media to flow on a continuous basis through the
reactor, a cylindrical UV lamp provided in the vessel and concentric there-
with, a cylindrical UV transparent sheath for 1solating the UV lamp from
the interior space of the reactor vessel, the sheath and lamp being concen-
tric with the cylindrical vessel, the sheath being sealed to the ends of the
vessel to isolate the UV lamp from the aqueous media flowing through the
i annular reactor chamber, a brush device is provided for brushing the exte-

]

A

rior surface of the sheath to remove therefrom materials deposited from
the aqueous media, the brush having at least two brushes with bristles ex-
tending radially inwardly towards the sheath as the brushes encompass
the sheath, the brushes are coupled together in spaced apart manner on
the sheath with a device for reciprocating the brushes along the sheath ex-
terior, preferably on a periodic basis to remove any deposited material
from the sheath and thereby maintain an acceptable level of UV radiation
| transmitted into the annular chamber of the reactor.
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UV LAMP TRANSMITTANCE CONTROLLER
FIELD OF THE INVENTION

This invention relates to a reactor having
ultraviolet (UV) lamps, the radiation from which'treats a
fluid medium; e.g., water, air or solvent. More '
particularly, the invention relates to systems and
devices which are used to maintain a desired degree of
transmittance of UV radiation through UV transparent
protective sheaths for UV lamps.

BACKGROUND OF THE INVENTION .

Ultraviolet‘radiation is an'important workhorse
in the industrial community for promotlng chemlcal '
reactlons, 1n1t1at1ng chemlcal reactlons, deqradlng
organic and non-organic molecules,_1nduc1ng mutatlons in
blologlcal systems, actlng as an antiviral and '
bactericidal agent and the like. Normally the source of
the ultrav1olet radlatlon is emitted from.an electrlc '
dlscharge lamp hav1ng various types of gases whlch when
excited by the electric dlscharge, emit UV radlatlona
These 1amps are generally categorlzed as low or

.medlum/hlgh 1nten51ty lamps. They may operate at low or
~high pressures for gases within the lamps. Normally the'

lamps are of a quartz material Wthh is transparent to

the emltted uv radlatlon. The 1amps may operate at low )
-or high temperatures ranglng from apprOXLmately 30°C up

“to 950°C. The output of these lamps may range from less
that 40 Watts to in excess of 30 000 watts. The 1amps‘ ’

may be even customlzed to the extent that a ‘certain

portion of the UV spectrum is omltted or enhanced rather.:'
than the entire portlon of the UV spectrum.'

A dr1v1ng force for such variety 1n oV lamps is
that each of the above industrial appllcatlons requ1res'
lamps having different UV intensities, different
wavelength of emission,operating’pressureand'
temperatures and power requirements. |

Normally the lamps, as employed in reactor
systems, particularly reactor systems which contain
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agueous media, have a variety of UV transparent
protective sheaths within which the lamps are placed so
that the lamps do not come in contact with the material
being treated by the UV radiation. This technigque
protects the quartz of the UV lamp and the electrical
connections to the lamp electredes. ,Alse'it can

facilitate lamp replacement without having to disassemble
down the reactor. | '.

One of the significant problems with UV
transparent protective sheaths for the UV’lamps_is.the
fact that materials within the aqueous systems or media
being treated may deposit on the sheath exterior surface
and“hence reduce the degree of-UV_ra@iation'transmitted
through the sheath thereby reducing the effectiveness of
the reaction or UV treatment'taking place within the
reactor. ' |

A'varlety of approaches have been provmded to
overcome this 51gn1flcant problem in reductlon of the ov

transmission through the protectlve sheaths durlng

reactor operatlon.. The most common approach has been to
shut down the reactor after several hours or days of

operation to permlt removal cleaning and replacement of
the,protectlve.sheaths. This is:aneXpeneivetime
consuming procedure'for'lamp cleaning. The problem _
however with other cleanlng dev1ces is prOV1d1ng systems
which are re31stant to hlgh 1nten51ty uov radiation and
when necessary can w1thstand close prox1m1ty to the very
high temperatures of the hlgh pressure high 1ntensxty '
lamps which may reach 950°C. ,

Examples of cleanlng systems used_with low
temperature UV lamps are disclosed in U.S. patents
3,462,597; 3,562,520 and 3,904,363, D

U.S. patent 3,462,597 discloses a UV lamp
system for use in water purification by virtue of the
bactericidal and other UV sensitive contaminants being
neutralized in the water. The system involves the use of
a lamp which operates at a temperature of approximately
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105°F i.e. 1n the 30°-35°C range. Since the contaminated
water to be treated contains certain physical impurities
which tend to deposit on the outside of the qﬁartz tube,
such deposits including mineral deposits, protein '
deposits and the like. A wiper system is provided for
the protective sheath for the UV lamp. The wiper systemnm
comprises wiper rings which are made of teflon or any
other material not affected by UV radiation and are
spaced apart from one another. The rings are preferably
split and are elastically or resiliently held on the
outside of the protective tube by a garter spring. This
provides for "efficient" wiping action. The wiping rings
are on a ring holder and a rod which extends through an
end or the reactor engages the ring holder. The ring
holder is then reciprocated to provide a wiping aCtion
along the protective tube to remove physical or
biological materials which had deposited on the outside
of the protective tube. This system’is totally

~ inadequate however by virtue of the dimensional

variations in theprOtective tube which 1s normally made
of gquartz and the inability to resist high temperature
operations in the range of 350°C t01800°c.. The teflon

“would 1mmed1ately deteriorate at such high temperatures
| The elastic garter 1s normally 1nadequate to vary the

dimension of the wiping rings durlng use as the rlngs are
moved along the quartz tube. -

U.S. patent 3,562,520 discloses another type of
water purifying apparatus 1nvolv1ng the use of a wiper
system.to routinely clean the protective tube made of
guartz for the UV lamp pesition within the reaCtor. The
wiper system consists of a number or ringwlike wiper
elements surrounding and in wiping contact with the
external surface of the protective tube. The'wiper
assembly is urged along-the tube by a coil spring. When
water to be treated flows through the reactor the wiper
returns to the other end of the tube to effect a wiping
of the area of the tube between the inlet and outlet of
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the treatment system. This ensures that the protective
tube is clean of deposits during each start-up of the
water purifying device, however, should water flow
through the device for any extended period of time,
deposits from the water may reform on the protective tube
thereby reducing the degree of UV transmittance and
thereby the effectiveness of the radiation in treating
bacteria in the water. This system would be totally

inadeguate for treatments involving continuous flow of
water over extended periocds of time.

In U.S. patent 3,904,363 a similar problem

arises as with the device of 3,562,520. The wiper system

is activated by water flow. For an extended continuous
filow of water, the protective tube would not be cleaned.
The flow of water moves the wiper system to one'end of
the tube and keep it there. When the water shuts off,
due to the vertical'orientation of the reactor, the
wipers descend to the base of the reactor under the
influence of gravity. The wiper system is made up of a
flexible semiwrigid plastic or flexible metal membrane.
The membrane'may be a brush-like.textured membrane of
composite or plaStic material. The membrane_however in
contacting the protectlve tube,'is very thin'and'is
usually 1nadequate for removing stubborn dep031ts on the
protective sheath. Furthermore, under high 1nten51ty uv
radiation from high powered lamps, the plastic ver51on of
this wiper would deteriorate rapidly. .

It has already been. mentloned that UV radiation
is used in a varlety_of_commerclal applications.
Applications where deposits on protective sheaths for the
UV lamps are particularly troublesome is in the treatment
of waste aqueous media related to qroundwaterpollution,
organic chemical manufacturing, petroleum refineries,
wood preserving operations, pulp and'paper bleach plant
effluent, multicontaminant landfill leachates,
electroplating in metals treatment, explosives
manufacturing and handling low level toxins in drinking
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water. A reliable low maintenance system for removing

deposits on the protective tubes is desired to ensure

efficlient operation of the reactor over extended periods
of time.

SUMMARY OF THE INVENTION

According to an aspect of the invention, an
apparatus for removing material depOsited on a protective
sheath enclosing a UV lamp where the material is
deposited on the sheath from an agueous solution passing
over the sheath and through which the solutlon 1s exposed

to UV radiation from the UV lamp. The apparatus
comprises:

a) a brush hav1ng a bristle holder adapted
for surroundlng the sheath, the bristle holder haV1ng a

plurallty of bristles extending 1nward1y from the bristle

holder,

b) .’the brush being dimensioned sueh'that-the
bristles along the brush holder surroundlng the sheath
are flexed at least when the brush is moved alonq the'
sheath to remove materlal dep051ted on the sheath

c) the brlstles being 1nd1v1dually in p01nt
contact w1th the sheath as tlps of the bristles contact

- the sheath, and

a) means for COnnecting'the-brush“to an
external drive for rec1procat1ng the brush along the
sheath, the connectlng means belng adapted to accommodate

lateral movement of the brush as the brush moves along
the sheath.

In a reactor aocordlng to another aspect of the'
invention which has at least one UV radiation lanp for

treating an aqueous solution, the lamp being posltloned'
in the reactor within a protective UV radiation
transparent eheath, the lamp being~1901ated,from'the,-
aqueous solution by the sheath, means for removing
material deposited on the sheath from an aqueous solution

"being treated in the reactor, the improvement in the
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means for removing material deposited on the sheath

comprising:

a) a brush having a bristle holder adapted
for surrounding the sheath, the bristle holder having a

plurality of bristles extending inwardly from the bristle

- holder,

b) the brush being dimensioned such that the -
bristles along the brush holder surrounding the sheath

are flexed at least when the brush is moved alOng'the

sheath to remove material deposited. on the sheath,

c) the bristles being individu&llY'in point
contact with the sheath as tips of the bristles contact
the sheath and

d) means for connectlng the brush to an
external drive for reclprocatlng the brush along the
sheath, the connectlng means belng adapted to accommodate

lateral movement of the brush as the brush moves along

the sheath. .
AcCording to another aspect of the'invention, a

high intensity, hlgh temperature uv lamp reactor system

for treating aqueous media on a contlnuous flow basis is

7.prOV1ded The reactor system comprlses.'

a) a cyllndrlcal reactor vessel having an

| 1nlet near the flrst end and an outlet near a second end

to permit aqueous medla to flow on a contlnuous ba51s
through the vessel, ' '

b) cyllndrlcal uv ‘lamp is prov1ded in the
vessel and extends along and centrally of the vessel

c) a cylindrical UV transparent sheath for
physically isolating the Uv-lamp'from”interior space of
the reactor vessel is provided, the sheath extending
along and centrally of the reactor vessel and 1s of a'
length at least equal to a UV radiation emlttlng portlon
of the UV 1amp,

d) means 1s provided for connecting and
sealing the first and second ends of the vessel to the
sheath to isoclate thereby the UV lamp and to define in
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communication with the inlet and the outlet,

e) means 1s provided for brushing an exterior
surface of the sheath in the annular chamber,

£) the brush means has at least two brushes -
each of which has an annular bristle holder having a
plurality of bristles extending radlally 1nwardly from
the bristle holder, )
- qg) the bristle have tlps Wthh deflne a .
circular opening for surroundlng the sheath the 01rcular
opening is of a dlameter less than an out51de dlameter'

for the sheath,

h)" means 1s prOV1ded for coupllng the brushes

~in spaced apart manner on the sheath ‘the coupllng means

belng connected to the brush holder of each brush

i) means is prov1ded for re01procat1ng the
brush means along the sheath to brush the exterlor_'”

 surface of the sheath along its 1ength and

) means is provaded for connectlng the

:rec1procat1ng means to the coupllng means for the brush ,
‘means.

'BRIEF DESCRIPTION OF THE QRAWINGS '

_ Preferred embodlments of the 1nventlon are
showed in the draW1ngs whereln'“‘ '

Flgure 1 13 perspectlve view of the reactor

system accordlng to a preferred embodlment of the

invention in whlch a portlon of the reactor 1s removed to

~ permit illustration of the system for remOV1ng materlalS'

deposited on the protectlve sheath for the UV lamp,

Flgure 2 is a longltudlnal sectlon through the
reactor of Flgure 1; '

Flgure 3 is a perspectlve V1ew of the brush
device accordlng to a preferred aspect of the 1nventlon,

' Flgure 4 is an enlarged sectlon through a
portion of the brush as 1t contacts the exterlor surface

of the protective sheath for the UV 1amp,



WO 92/22502

10

20

25

30

21097138

PCT/CA92/00254
: -

Figure 5a 1s an enlarged section of the brush
as 1t contacts the protective sheath and is moved in a
first direction; and '

Figure 5b is an enlarged section of the same

brush as it is moved in the opposite direction along the

protective sheath. .
DETAILED DESCRIPTIONS OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the invention is
l1llustrated with respect to a high 1nten81ty hlgh
temperature UV lamp reactor system. It is appreciated
however that the system of this invention for remov1ng
deposzts from protectlve sheaths for the UV lamps and in

essence thereby controlllng the transmlttance through the.

protective sheath, may be applied to any other type of uv
lamp reactor system that employs protectlve sheaths
requlrlnq cleanlng .Although the system 1is partlcularly
adapted for hlgh temperature use, the other features and
advantages of the system may be readlly used on other
types of UV lamp systems whleh may be low temperature and
low 1nten51ty In partlcular, a preferred embodlment of '
the invention as shown in Flgure 1 uses a hlgh pressure
high temperatnre UV lamp whlch is capable of generatlng

high intensity UV radlatlon WIth a power consumptlon in

the range of 30, 000 watts and operatlng normally at a

temperature in the range of 950°C.  It is generally

understood that low, medlum/hlgh 1nten51ty lamps have the
following parameters of operatlon., Low 1ntensxty lamps o
operate at low pressures in the range of 10? to 102 Torr
at 40°C. The medlum/hlgh 1ntensxty lamps,operate-at .
higher pressures in excess of 10? Torr at 600°C te 950°C.
. The reactor 10 of Figure 1 compriSes'a reactor
vessel 12 defined by an outside reactor wall 14.
According to this embodiment, the reactor vessel 12 is
cylindrical in shape although it 1s appre01ated that the
transmittant controller, that is, device for cleaning the
protective sheath for the lamp, may be employed in a
variety of other reactor shapes. According to this
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embodiment, a high intensity elongate lamp 16 is located
centrally of and extends along the reactor vessel 12.
Within the reactor vessel 12, a UV transparert protective

sheath 18 is provided which encompasses and isolates the

'UV lamp from the interior of the reactor vessel 12. The

cylindrically shaped sheath is positioned centrally of
the reactor vessel thereby defining an annular space 20
between the exterlor surface 22 of the protective sheath
and the interior surface 24 of the reactor outsmde wall
14. Aqueous media to be treated within the reactor 12
flows into the annular reactor chamber 20 through an
inlet conduit 26. The treated effluent flows out of the
annular.reactor'chamber 20 through outlet 28. '

According to the embodimeﬁt of Figure 1, a

plurality of baffles 30 are secured to the'inside surface

24 of the outer wall 14, each baffle is c1rcu1ar shaped
with a central opening 32 Wthh prov1des clearance for
the protective sheath 18 as well as the system generally
designated 34 for cleanlng the protectlve sheath. The
baffles are provaded within the annular chamber 20 to
induce turbulence in the flow to ensure adequate m1x1ng
s0 that durlng the residence time for the agqueous media
all portions thereof are eXposed to the UV radiation from .
1amp 16 to ensure the de51red treatment for the aqueous
media.

The'reactor 12 1s supported on a base'36 which

houses an external drive 38 for the sheath cleanlng

system 34 as well as a coollng fan 40 for dlrectlng .
through duct 42 a flow of cooling air on to the UV lamp
16. The other end of the UV lamp is correspondlngly
cooled by a fan 44 directing cooling air on to the lamp
tip through duct 4s.

The device for reciprocating the cleaning
system 34 is located externally'of the reactor.
According to this embodiment, a pneumatic cylinder having
air pressure fed to the cylinder through lines 48 and 50
reciprocate the piston rod 52 upwardly and downwardly



WO 92/22502 2109719 | . PCT/CA92/00254

10

15

20

23

30

35

10

through the reactor annular chamber 20. The piston rod
1s sealed to a reactor end by gland 54 which is adeguate
to prevent leakage of agueous media from within the
annular reactor chamber and to prevent outside air from
leaking into the fluid medium being treated. The gland
and its sealingability about the rod 52 is selected

dependant upon the pressures and corrosive nature of the
agqueous media to be treated. '

As shown in Figure 2, the UV lamp 16 is
coincident w1th the longltudlnal axis 56 of the
cylindrical reactor 14. The lamp ends 58 and 60 extend

beyond the end plates'sz and 64 for this cyllndrlcal
reactor. B

The supports for the lamp ends 58 and 60 are .
provided externally of the end plates 62 and 64 for the

reactor. The lamp end 58 has a ceramic mount 66 which is

secured in a U-shaped bracket 68. The U-shaped bracket
68 1is secured to'the end plate 62. Slmllarly, lamp end
60 has ceramlc mount 70 which 1s secured in the U~shaped
bracket 72. In turn the U-shaped bracket 72 is secured
to the outsid2 of end plate 64. The mountlng brackets 68

and 72 p051tlon the 1amp 16 along the longltudlnal axis
56 of the reactor° Suitable electrlcal leads 74 and 76

"are provided at each lamp end for purposes of powerlng ,

the lamp. , ' _ , - |
The'quartz.tube 18 is sealed at its ends to'the
end plate 62 and64toprevent.leakageof aqueous media
from the annular reactor chamber 20. AS shown in Figure
2, appropriate sealing rings 61 surround.theend63 of
the quartz tube at end plate 62. Correspondingly, at end
plate 64, SQaling ring 65 surrounds and seals the end 67
to the end plate 64. It is appreciated that'a'variety of
seals are available to-effeCt the sealing of the two ends
of the guartz tube to the end plate to prevent'leakage.
Such suitable seals includes synthetic rubbers, which are
clamped to the'quartz tube end and secured to the
respective end plate 62 and 64. 1In this manner, ready
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disassembly of the quartz sheath 18 from the end plates
is achieved.

Certainly with high intensity high power lamps
operating at temperatures 1in the range of 600°C to 950°C,
external cooling 1s required. As already identifled 1in
Figure 1, a cooling fan 40 directs cooling air on to the
ceramic mount portion 70 of the lamp end 60. The cooling
air is directed by the duct 42. Similarly on the top,
near lamp end 58, a cooling fan 44 through duct 46
directs cooling air onto the ceramic mount 66. The
cooling air is necessary to ensure that the electrodes
sealed into the lamp ends do not degrade due to the hlgh ,
temperatures.ln.the gquartz tube of the lamp 16. Arr,-.
which is directed for cooling of'the lower portion of the
lamp, may enter and rise through'the annular space-78

defined between the lamp 16 and the interior surface 80

of the protective sheath'ls.. The upper part of the
sheath-ls is open’to allow such circulating'air'to'exit

at the top to further enhance the coollng of the system.

. The inlet 26 for the reactor is located near or
adjacent the first end plate 64. Slmllarly, the outlet

28 is located adjacent or hear the second end plate 62

for the reactor. In this manner aqueous media enters one

~end of the reactor, flows through the annular space 20

and over the baffles 30 for dlscharge through the outlet
28. The baffles 30 are clear of the apparatus 34 for
removing materlals deposited on the exterlor surface 22
of the sheath 18. For purposes of ease of assembly, the
cyllndrlcal reactor 12 has the end plates 62 and 64
bolted thereto in the manner shown by sultable bolts 82

and 84. Bolts 84 extend through the support base upper
surface 86 for purposes of securlng the reactor to the
base 36. The pneunatic cylinder 38 for re01procat1ng the
cleaning device 34 is secured to end plate 64 by bo1ts
88. The piston rod 52 is secured to a carriage 90 for
the individual brushes 92 and 94. Details of the

carriage and the connector 96 will be discussed in more
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detall with respect to Figure 3. It is apparent however

in Flgure 2 that the stroke of piston rod 52 is
sufficient to ensure the brush 92 traverses the upper
region 18a of the sheath and brush 94 traverses the lower
region 18b of the sheath, preferably brush 94 overlaps,
to at least some extent inltraversing.the upper region
18a. ' ' '

Details of the sheath cleaning device 34 are
shown in Figure 3. The device 34 conslsts of a.brush
carriage 90 with brushes 92 and 94. ACCOrding to this'

f“embodlment each of brushes 92 and 924 is assembled 1n the

following manner. Brush 92 has a plurallty of brlstles
98. The bristles 98 are mounted in a bristle holder 100.

Slmllarly, brush 94 has a plurallty of brlstles 102 . '
secured in a bristle holder 104. The brlstles, as they

- extend radlally 1nwardly of the brlstle holder, define a

circular openlng hav1ng a dlameter 106 whlch ‘is sllghtly
less than the dlameter of the sheath 18. ThlS provxdes

'an 1nterference flt between the brlstle tlps 108 of brush

92 and 110 of brush 94 with respect to the exterlor

- surface 22 of the sheath 18. Further detalls of thlS

1nterference fit shall be dis cussed with respect to,
Flgures 4 and 5. '

The carrlage 90 for the brushes 92 and 94
accordlng to thls embodlment comprlses four equal length'.

rods 112. The equal 1ength rods 112 are secured to the
brlstle holders 100 and 104 . Accordlng to thls

' embodlment the end 114 of rod 12 is secured to brlstle

holder 104 by weldlng of the rod to the brlstle holder....
Hence, the bristle holders, in combination with the rods'-
form the carriage 90 or alternatively, therodswiththe_
bristle holders form the necessary coupling in
p051t10n1ng the brushes 92 and 94 in a spaced apart
manner as they traverse the sheath 18 in the manner
discussed in Figure 2.

It 1s appreciated that the materials for the
reactor system which are exposed to UV radiation must be
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made of materials which are resistant to failure due to
exposure to UV radiation and possibly high temperatures.
Preferably the internal components of the reactor are
made of stalnless steel. As to the brush system 34, the
rods 112 for the carriage 90 may be made of any'suitabie-
UV resistant plastic, or metallic materials which '
includes metals, metal alloys or metal composites.
similarly, the bristle holders 100 and 104 can be made of
a sulitable UV resistant plastic,metal or metal alloy.
The bristles 98 and 102 are also preferably made of'a'
suitable UV resiStant'plastic which is rigid when in the
form of a bristle or be made of thin wire formed from
metal or metal alloy.-; _ _

Preferred plastlcs lnclude, oV reslstant and
preferably hlgh temperature re51stant plastlcs, such as
halogenated polyolefln such as Teflcn® urethanes,
synthetic rubbers and high den51ty polypropylene.
Preferred metals and metal alloys 1nclude,_sta1nless

steel, aluminum alloys, brass,jnlckel and chrome plated
steel. Preferred stalnless steels are, stalnless steel

304 and 316. The brlstles may be mounted 1n the brlstle'
‘holder in accordance with a standard stltchlng technlque.
The brlstle length is folded over and stltched in place
:'w1th stltches 116 in holder 100 and 118 1n holder 104

the details of Wthh are shown in Figure 4. o
As 1s generally understeod the protectlve .
sheath 18 for the quartz lamp is extruded and blown d“
wlthln certaln tolerances to deflne a hollow cyllnder..
Such extrusion blowlng of the quartz tube can result 1n
deviation in the roundness of the quartz tube as well as
deviations in the length dimension such as curves or
undulations in the guartz wall. Hence, the brushes, as
they ride along or traverse the outside wall 22 of the
quartz tube should.be allowed to'move laterally to follow
the tolerances.in deviations for the guartz tube. To
accommodate such lateral movements in the brushes as they
traverse the quartz-tube, a preferred connector 96, for
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connecting the piston rod 52 to the carriage is shown.
The connector 96 includes a slide 120 which, according to
this embodiment, is connected to the bristle holder 104.

The slide has opposing grooves 122 which receiVe~a flat

nuthead 124. The nuthead is threaded on the threaded end

126 of the rod 52. The nuthead can readily'Slide with
opposing faces 128 allgned into the opp051ng grooves 122
in the dlrectlon of arrow 130. The nut 124 is therefore

allowed to move relatlve to the slide in a lateral

direction to accommodate lateral movement 1n the brush 94
as it rldes along the quartz tube 18.

By v1rtue of the protectlve sheath 18 haV1ng
tolerances along its length the connector dev1ce 96
accommodates 1ateral movement of the bruehes., It.has

however been found that the use of brlstles 15

'partlcularly advantageous in accommodating out of round

dimensional tolerances for the sheath 18.' Wlth reference

to Figure 4, the protectlve sheath 18 has an exterior

surface 22._ As already noted the protectlve sheath 18
is spaced apart from the lamp 16. Due to the‘

1nterference fit prOV1ded by dlmen51on1ng of the brlstle

- tlpe 108 relatlve to the external dlameter of the sheath-

the brlstles are sllghtly flexed in the manner shown

,1n Flgure 4. The brlstles Splay outwardly and are flexed
sllghtly, at least in the tip region 1nd1cated at 98a,'
with an 1nterference fit of approx1mately from 0 25
millimetres up to 1.5 mllllmetres.

It is apprec1ated that dependlng upon the type
of material selected for the brlstles, the extent of ,
overlap or 1nterference fit may vary for the stalnless |
steel, the preferred 1nterference fit belng 1n the range
of 0.75 mllllmetres. '

: The out~of-round aspect of the sheath is
accommodated by flexlng of the bristles as the tips of
the bristles contact the sheath about its entire
cirCumference. - As the brush device is then moVed along
the sheath, all surfaces are contacted to remove any
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deposit material. This feature was difficult if not
impossible to achieve with the prior art deV1ces,
particularly w1per rings and the like.

The brlstles, as shown in Figure 4, are
stltched into the bristle holder 100 by stltches 116.

The brlstles are of a length such that they are folded
over and held within the U~-shaped groove 132 which
defines at the base 134 of the bristle holder a width 136
for the bristles. As the bristles splay.outwardly and

are slightly flexed in the region 98a, the brlstle Wldth

at the face 22 of the protectlve sheath 18 19
considerably wlder. '

As demonstrated in Figure 3, such outward splay
of the bristles, from the base 134, of the holder 104

causes the bristle tips to oVerlap in region 138 so that

all surfaces around the protectlve sheath 18 are '
contacted by brlstle tips.

AS shown 1n Figure 5a, the brush is mOVed in'
the direction of arrow 140 SO that the brlstles, due to

the 1nterference fit are flexed in a dlrectlon opp031te -
to arrow 140. The brlstle tlpS 108 sweep the outer

 surface 22 of the tube 18 to remove any materlal

dep031ted from the agueous medla, generally designated

142 from the outer surface 22. Slmllarly, when the

brushes are moved 1n the dlrectlon of arrow 144 of Flgure
5b, the brlstles 98 flex in a dlrectlon opp051te to arrow
144. The tlps 108 again serving by virtue of the B
interference flt to sweep the outer surface 22 of the-
protective sheath 18 and‘remove thereby, deposlts on.the -
outer surface. ' o

It is understood that a sultable controller-
which controls the supply of the air to alrllnes 48 and
50 for the cyllnders 38 1s prov1ded The controller may
be a standard form of programmable mlcroprocessor ‘which
can generate szgnals to open and close pneumatlc valves
to determine which side of the double sided piston in

cylinder 38 is charqed with pressurized air to effect the
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reciprocal movement of the piston rod 52. Furthermore,
input to the microprocessor is provided by way of sensors
to detect the position of the brushes and signal the
extremities of the up and down stroke. As shown in
Figure 2, a sensor 146 is provided on the cylinder to
detect when the piston in the cylinder reaches an upper
positioh which corresponds to the upper brush 92 reaching
the upper part of its stroke. Similarly, sensor 148 is

provided to correspondingly signal the bottom extremity
of the brush stroke. The sensors are positloned to

ensure cleaning of at least the UV radiation portlon of
the lamp which emits radlatlon within the reactor annular
chamber 20. Slgnals are produced by sensors 146 and 148
to signal the extremltles of the brush movement. Asithe,
brush commences its upward travel and sensor 146 is
triggered, a signal 1s transmitted to the'microprocessor
to switch the va1V1ng and pressurlze the cyllnder in the
opposite dlrectlon to cause retraction of the plston rod
52. Piston rod 52 is retracted slowly until sensor 148
is actuated to 1nd1cate the bottom of the downstroke.

The mlcroprocessor,may be programmed to
determine the time'period between each brushing of the
sheath exterlor. ‘With most aqueous media to be treated,
it is de51rable to r901procate the brushes at least once
every 10 to 15 minutes. Such cycllng of the brush
movement 51gn1f1cantly reduces the time that the brush
system is actually operatlng. This is an 1mportant
benefit over systems which have to operate on a

continuous basis. The system of this lnventlon therefore
requires less malntenance and thereby 1mproved

serviceability. Although there may be systems which in
use remaln relatlvely cleaner and only requlre brushlng
of the sheath exterlor once every hour. The space in
between the brushes 92 and 94 is such to ensure that when
brush 92 is_at'the uppermost position brush 94 traverses

at least a portion of the region occupied by brush 92 in
its lowermost position. In this manner all of the
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extended outer surface of the sheath 18 is brushed during
each cycle of the brush systenmn.

As already indicated, the temperature of the
quartz tube for the UV.lamp may be 1in the'range of 950°C
hence the temperature of the protective sheath 18 will
also assume a very'high temperature, which may
approximate the temperature of the_quartz,lamp. The
agqueous media flowing along the outer surface 22 of the
sheath provides a cooling effect but the surface‘may well
be in eXCess of 250°C. One of the smgnlflcant advantages

of using a brush system is that only the brush tips are
in point contact with the outer surface 22 of the

protective‘sheath. This point contact minimizes the heat
transferred to the bristles to reduce thereby high

temperature stre531ng of the bristles. Furthermore, the
bristles as they extend_outwardly from the'protective

sheath, provide a form of coolingjfin.euch,that aqueous,

media flows over the'briStles in the manher demonstrated
in Figure 5 in the dlrectlon of arrows 152. ‘This flow of

‘agueous media cools the brletles to complement thelr .
'longeV1ty in use. Thls is partlcularly 1mportant when

the brlstles are of a plastlc comp051t10n rather than the
preferred stalnless steel comp051tlon. The manner ln
which the brlstles are constructed as shown 1n Flgure 3

. provxdes spaces 154 between the bristle group so that

liquids flow freely between the bristle group to provide

additional coollng and avoid deformatlon or damage to the
bristle holders 100 and 104.

The brlstle number 1n each group is suff101ent
in each brlstle group to prov1de a brush thlckness in the
range of 30 to 120 millimetres. Thls ensures that at any
one time sufficient bristle tips are in contact withﬁthe'
outer surface of the sheath to effect the_desired'degree
of cleaning and removal of deposited material on the
outer surface of the protective sheath 18. The number of
times or periods in which the brush system is
reciprocated along the sheath thereby provides a form of
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transmittance control to maintain a desired level of
transmittance of UV radiation emitted by the lamp 16.

It 1is appreciated that a single brush or
multiples thereof may be provided. A suitable carriage
or coupling device is provided for the one or more
brushes to ensure their traversing of the pretective
sheath to give the desired cleauing effect. In the event
that a single brush is used, a suitable mounting device
is fequired'to not only permit relative 1atera1'movement
but as well ensure that the brush does not slant relatlve
to the longltudlnal axis of the sheath which results in

portions of the brlstles not contacting the outer surface
of the sheath. Furthermore, when two or more brushes are

used the third and fourth etc. brushes may be connected
to a continuation of the type of couplers shown in Figure

_3 or other types of COnhections to-ensure:that-the

brushes traverse the protective sheath in actuation of
the air cylinder for a single cycle.

- Although preferred embodlments of the 1nvent10n
are described herein in detail, it will be understood by
those skilled in the art that variations may be made
thereto without departlng from the Splrlt of the
1nvent10n or the scope of the appended clalms._-
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CLATMS:

1. In a reactor having at least one UV radiation
lamp for treating én.aqueous solution, said lamp being
positioned in said reactor within a protective uv

5 radiliation transparent sheath, said lamp being'isolated‘
from said agueous solution by said sheath, means for
removing material deposited on said sheath from an
agueous solution being treated in said reactor, the
improvement in said means for removing dep051ts from said

10 sheath comprising: . ' | |

a) a brush having a bristle holder adaptedfor
surrounding the sheath, said bristle holder'having a
plurality of bristles extendihg inwardly from said

o bristle holder, said brush being dimehsioned‘sﬁchthat

15 said bristles along said brush holder surrounding the
- sheath afe'flexéd at least when said brush is moved along
the sheath to remove material deposited on the sheath
sald brlstles being 1nd1v1dually in point contact w1th
the sheath as tlps of said brlstles contact the sheath
20 and |

b) means for'connecting_said brush to an external
‘drive for reéiprocating said bruSh'along the sheath, 'said
connectlng means belng adapted to accommodate lateral '

- movement of sald brush as said brush moves along the
25 sheath.

2 In a reactor Of claim 1 wherein
at 19ast two of said brushes have said
respective bristle holders mounted on a carriage,
30 said at least two brushes being aligned on said
carriage to contact said sheath as said at least two
brushes are moved along said sheath,. '

- saild connecting means connecting said carriage
to said external drive. '
35
3. In a reactor of claim 2 wherein

each of said brushes is circular,
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sald bristle holder being annular and said

bristles extending radially inwardly therefrom, said

20

bristle tips defining a circular opening for surrounding
the sheath which is circular, said circular opening
having a diameter less than an outside diameter for said
sheath to induce said flexing in said bristles.

4. In a reactor of claim 1, 2 or_3,Wherein:
- said drive 1s a'reciprOCating'piston,
sald piston hav1ng a rod extendlng through a
wall of said reactor, sald rod belnq sealed in said
reactor wall to prevent 1eakage cf an aqueous solutlon
from sald reactcr,, ' '

said connectlng means ccnnectlng said rod to

said carrlage, said connectlng means comprlslng a slide

for rece1v1ng a complementary pro;ectlon, sald sllde
being mounted on one of said rcd oxr carrlage and sald
pro;ectlcn being mounted on the other, said slide belng

' oriented to permlt lateral relatlve movement between said
:carrlage and said wall durlng reclprocatlon of Sald

carrlage along sald sheath

5. A reactor ‘systen of clalm 1, 2 3 or 4 whereln

said lamp has an operatlng temperature in the range cf'
950°C. - ' '

6. A reactor system of claim S'wherein saidbrush_
tips are in point contact w1th sald sheath to minimize
heat transfer through to said brush. '

7. A reactor system of claim 6 wherein said
bristle is of a metal selected from the group consisting

of atainless steel, alumlnum alloys, brass, nickel plated
steel and chrome plated steel.
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