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@ Surface treatment.

A surface treatment process comprises removing surface
material by bombardment with cooled shot, grit or other suit-
able particles. The surface under treatment may also be
cooled.

Apparatus for such surface treatment comprises means
{16) for bombarding the surface (14) with shot grit or other
suitable particles and means (61) for cooling the particles
before or after impingement on the surface {14).

g

S8 60 FI/GI?/\"‘ T L

CGOMPLETE DOCUMENT @

Croydon Printing Company Ltd.

[



10

15

20

2,

0041797

The invention relates to a surface treatment

pfocéss and apparatus for performing the process and

is applicable sspecially, but not exclusively, to

- removing rubber deposits and gensrally cleaning and/or

texturing surfaces of roadways, airport runways and

taxiwvays, and factory floors,

One particular application of the invention

is for restoriﬁg the skid recsistance of roadways,

runways, etc. having a surface layer comprising

aggregate and binder, for example coarse stons set in

asphalt or bitumen. When this surface layer is

new, aggregate protrudes from the asphalt or bitumen

and -provides good resistance to skidding for the

tyes of a vehicle travelling across the surface.

In use, howevsr, the skid resistance dsteriorates

because the exposed aggregate

surface becomes smooth

due to polishing and deposition of rubber, lubriacting

0il, dirt and even oil sxuded

from the asphalt

or bitumen itself during hot uwsather. Skid

resistance is further reduced
sxposed area of aggregate due
aggregatse into the bitumen or

accumulation of rubber, dirt,

by.reductioq of the
to sinking of the
asphalt and also

oil etc.
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upon the surface of the bitumen or asphalt surrdunding
the individual pleces of aggregate. Deterioration

is most marked near road aunctlons or other places
l

where traffic accelerates or brakes.
! Traditional methods of restoring skid

resistance, such as complete'replacemenﬁ of the

- surface layer or the application ofranradditibnal

layer of, for example, an epoxy:resiﬁ with calcined

bauxite, are costly,,tiﬁe—consuming and disrupt.

traffic flow severely.

It has,beén'proposed, therefore (Britishifatent
Specification No. 1,480,482) to restore skid resistance
by rerov 1ng the contamlnatlon—rubber, oil, etc. and
some of the binder to expose a greater surface area
of each protruding piece_pfaggregate. Specifically,
it has been proposed to cool the road surface to .
embrittle the binder méterial, loosen fhegeﬁbrittled
material between the pieces'bf aggfegate byfmeans of
a flail and then fempve the 1oosened'materia1;

This proposed procesé is considered
unsatisfactory since it is believed'that~the flail
will tend to strike the protrudlng aggregate pleces
rather than the binder and may even dislodge the

aggregate pieces, Foreover, the depth pf,blnder
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removed is difficult to control.
According to this invention there is provided
a surface treatment process comprising removing surface
material by bombardment Qith cooled shot, grit or other
5 suitable particles.
| The particles. may be cooled before being
applied to the surface or after especially if they
are to be recycled, Such cooling of the particles at
least reduces, if not affectively prevents, the risk
10 of aggloﬁeration due to heating by their impact
'upon the surface being treated,'particularly when the
surface comprises bituminous material which will
become hotiand tend.to stick to the parf&bles.
Du;ing hot weather or when the surface to be
15 treated comprises heat sensitive material such as
paint it may be advantageous to cool the surface as
“—QT_:;ll as the particles,
The coolant may be cryogenic fluid such as
liquid nitrogen or liquid carbon dioxide. Significant
20 advantages result from parficle bombgrdment as the
- means of removing surface material, For éxample,.ﬁhe
thickness of material removed can be controlled readily
by varying the rate and duration‘of the bombardment. .

Furthermore the resultant texture of the treated surface

25 can be controlled by choosing the appropriate size,
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shape and mixture of particles. To provids what is
known as macrotexture, e.g. on'road surfaces uhere
binder such as bitumen is removéd fo expose greater
areas of aggregaté; shot is preFerébly used, the size
of shot depending on therdepthrbflméterial removal,
To provide uhat is known as microtégture, e.g. where
aggregafe is to be réughenéd or pitted, angular

grit is preferébly used. 'Particle sizes of from 0.25
to 2 mm in diameter have beenfound suitable.

Particles impingerupon,the aggregate and material
to be removed with much the same force but the material
to be rehoved, i.e.rrubber, oil, asphalt, bitumen or
paint, being weaker will be eroded rather than the
aggregate. | - |

In,practiée, particle bombardmeht sufficient
to remove the unuanted deposits and reduce the level
of the asphalt or bitumén aiso*causes rougheningr
or pitting of théreqused suffacerof the aégregate.
This roughening or pitting further- enhances the skid
resistance of the treated sﬁfféce sven to the extent
that the aggfegété obtrudes more than for a neuly
laid surface, ' . ' |

According to a further aspeEt of the invention
apparatus for performing ths surfacertreatment process
bomprises means for bombarding thersurface'uifh shot,
grit or othsr suitable particie to remove surface
material and means for cooling the’particlésrbefore

or after impingement an the surfacs.

-
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The apparatus of the invention may further comprise
means for cooling the surface material to be removed

i

té a temperature at which it becomes substantially
briittle.

| Means for bombarding the surface to bertreated
may comprise a motor-driven impeller arraﬁged to
impel the particles dowﬁwérds onto the surface. A
duct may then be provided extending upwardly from
adjacent the ﬁosition a% which the particles impinge_
upon the surface so as to receive the ?articles-as

they rebound from the surface. The duct

..

~

conveys the particles to a hopper from wheTe they
can be fed to the impeller again.

Preferably a fan or vacuum source is provided
to maintain a strong flow of air through the duct

to draw the removed mat?rial usually in powered form
from the surface, .~. _
Separation of the shot, grit or other particles
from this powered material may be effected by a -
separator disposed between the duct and the hopper.
The separator may operate by gravity and so may be a
plate positioned between the duct and the hopper so that
the heavier;shot, grit or other particles will strike

the plate and be deflected downwards towards the hopper

for the shot, grit or other particles, whereas the
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povwdered material remaiﬁs in the air stream.'
Altérnatively'separafioﬁ of the shot, grit or other
partlcles from the powdered removed material may

be by means of sieve screens.r Therseparator may be
integral with the iﬁpellor Earriage-or'be a separate
unit. -

The air stream carrying the pOwdered removed
surface material will usually be- dravn throuah a dUSu
collection unit whereln the air ‘stream is dravmn
through a series of dust fllters, usually'bags, cn or
in which the powdered material collects.

It may beradVantageousrto cool the air stream
prior to the separatoi to avoid agglomération of the
shet, grit or other particles caused by hot, sticky
material rewoved from the surface under treatment.
Also, this cooling br the air stream will reduce
blocking up of the dust filters by still hot, sticky
material, 7 | |

Coolant may be sﬁpplied fo the'particles’at any
suitable point or pdints in the apparétus of the invention.
Preferably the coolant is supplied in the region of the
separator  so that recycled particles are cooled prior
to returning to the particle hopper. Thus when
these particles are projectéd oﬁto the surface being
treated, they will ﬁe.sufficiently'cool to avoid the

sticking of binder deposits thereto. A particular
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advantage of applying coolant to the shot within the
apparatus is thét it can prevent heat build up within
the apparatus itself and at the surface being treated.

Alternative points of application of coolant fo
the particles'are directiy into the impeller region of
the apparatus; iﬁ the duct ieading the particles to
the.separator or in the passage between the particle
reservoir and the impellér.

The means for suﬁplying coolant to the particles
may comprise a spray nozzle or series of spray nozzles

preferably directing coolant in thc direction -of

“travel of the particles or air stream.

The applicator for applying cooclant to the
surface preferably includes a cowl housing a
plurality of nozzles and/or baffles direéting the
coolant onto the surface over which the applicator is
moved. A flexible skirt may depend ffom the edges of
the cowl to seal the surface and iimit coolant loss,.

If the coolant is:a'pryogenic liguid, such as liquid
nitrogen, ﬁhen it strikes fhe surface, it will évaporate
thus cooling the surface. However, the gaseous
nitrogen will still be vefy cold. Therefore, it
is proposed that the applicator include means for
recycling the evaporated coolané so as to utilise the

cold content thereof and thus reduce the amount of

]
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oolant needed.
., * Ina preferréd embodiment Ofrsuch an applicator the
c;wl has a generalhfhorizontal strut fixed between a

péir of opposite sides of the cowl so as to provide a

f1low path for coolant Bas within the cowl and gas

' generated at the surface being treated:is'circulated

in the applicator in a direction,couhter fo the'direction
of travel of the'appliéator say by means of a motor
driven fen. The plurality of baffles within the
applicator will increase turbulence and hence improve
heat transfer. To prevent the preséuré within the
applicator being so great as to caﬁée leaking of the
gas from the sealing skirt, an outlet may be provided
with an adjustable opening to controlrthé préssure
within the applicator. The 6utlef nay alloﬁ excess
gas to escape to atmosphere or may be cohnected to tﬁg :
apparatus to permi%*furthei use of the.gas in coéling'the
shot, grit or other particles or the air stréém.r

The appératﬁs of the invention preféfably;also:
includes temperature control means so fhat,the | |
temperature at which the process is carried,out can be
selected for the particular surface materials being
treated and so that the amount of coolant used can be

-

kept to a minimum,

-~

To this end temperature sensing probes may,be

. included in the apparatus at various points and may be

1t e v e b b
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connected to a valve controlling coolant flouw so as to
operate that valve according to the temperature
sensed, i.e. if the temperature within the apparatus
is too high the valve will operate to increass
coolant flow or if the temperature is too low, ths
valve will operate to reduce the coolant flod..

| Preferred positions for temperature sensing
probas are just prior to the separator to measurs the
temperature of the air stream and just after fhe
separator to measurs the temperature of the returned
shot grit or other particles. Further temperaturs
sensing probes may usefully be situated just prior to
the impeller and in the air styeam after the
separator at the exit from the apparatus, also on or
close to the surface being treated.

The supply of coolant may be from a fixed

tank e.g. above the applicator or from a mobile_fank

connected to the applicator or apparatus by flexible

insulated cryogenic hoss.

This invention pill now be further described,
by way of example only, with reference to the
accompanying drauings.in which:

Figure 1 shous a first embodiment of a surface
treatment apparatus;

Figure 2 shous a second embodiment of a

surface treatment apparatus;
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Figure 3 is a séctibn alongrline,aa of
Figure 2;

Figure 4 shows schematicaily one form of
cryogenic liquid flow éontrol;

Figure 5 shows an alternativé form of cryogehic
liquid flow contrél;

Figure 6 shows schematically a simple device
for surface cooling; 7 |

| Figure 7 showsrsghematicaliy a Second form of surface

cooling device; and

Figure 8 shows a third form of surface cooling
device, ' ] \

Referring to Figure 1, surface treétﬁent |
apparatus comprises a carriage 10 suppbrted'by wheels
12 (only one shown) dfiVén by a motor 157forrtraversing
across a surface 14 to be treated. A steéring'and
control hanale 15 projects'fro@ the,reé;:of'ther
carriage. Towards therrear of the céfriage 40, an
impeller 16 is supported in Béarings 187and 20 for
rotation by a drive motor 24 zbout an axis 22 which isr
inclined rearwardly and downwardly at an acute angle ‘to
fhe surface 4.

The impeller 16 is located at oﬁe end 26 of an
elongate chamber 28, the other end 30 of which is open

and adjacent the surface. The axial inlet 32 of the
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impellef.connects to the bottom of a hopper 34. Shot,
grit or other particles fed from the hopper 34 into
the rotating impeller 16 are impelled at high speed
down the chamber 28 to impinge upon the surface 14,

A duet 36 extends upwards and forwards from a
position adjacent the lower end %0 of the chamber 28,
The duct 36 is curved and its upper end 38 opens,
generally vertically, into the hopper 34. A aeflector
40 projects upwards from the front interior wall 42 of
the hopper, across and above the end 38 of the duct,
and then curves towards the bottom of the hopper.

A pipe 46 connects the uppermost part of the

contains several dust bags 70, 72, /4 %brough which

air is drawn from the hopper 34 by a suction fan 76.

The air enters the hopper 34 by way of the duct 36,
which it enters at.the lower end 30 adjacent the surface
being treated.

Material removed from the surface by the. shot-
blast,'in the form of duét together with %he shot, is
drawn up the duct by the air stream and into the
hopper 34. The shot strikes the deflector 40 and
falls into the bottom of the hopper 34, whereas the
dust Temains entrained in the air stream and is thus

carried to the dust collection/storage unit 48.
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A cowl 52 projects from the front of the carriage
10, -adjacent the surface 14, and is sealed ab its edges
to the surface by a depending skirt 54 of synthetic
plastics fibres. A series of spray nozzles 56
project'downwards from the interior éf the cowl 54
and serve to direct 1liquid nitrogen onto the surface
14 from a storage tank 58 supportedién the ¢OW1 52.
Baffles 60 are disposed betﬁeen the,spréy nozzles 56
to ensure even distribution of the 1iguid:nito?geh. )

A separate sprayrnozélé 61'projectsrinto the
duct 36 e£nd serves to inject'liquid nd>trogen into
the stream of air and entrained Surfabe métériél and
shot as it passes through the duct. | , 7,

It will be appreciated that whilst the coolant
is applied to thershot immediately af%er if has
impinged upon the surfaééi the shot will be ﬁfe~
cooled for subsequént application.

Where the shot is not recycled, as suggested

later, the coolant would be'applied to the shot after

leaving the impeller and before striking the surface.
?hus, more specifically, the spray nbzzle 61 would be
located in the chamber 28. |

Cooling of thé shot and/or entrained material
in this way reduces the risk of:agglomeration,wﬁich

might occur due to the heat generated wheh the shot
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strikes the surface.

As the carriage travels forwards the surface 14
is cooled by the liquid nitrogen to such an extept
that the material to be removed (rubber, 0il,

grease or other deposits; or binder such as bitumen)

~is embrittled. The embrittled material is then removed

by the following shot blast. The depth of material
removed can be controlled by varying the application
of the liquid nitrogen and shot and the speed of traverse
of the apparatus. Typically surface temperatures of
—2500 or less can be achieved'qith a traverse of 5-12
feet/minute. It will be appreciated that both the
degree of cooling and the amount of material removed
by the shot are directly dependent upon the time for
which the surface is subjected to them, so coolant
and shot zpplication rates can be fixed and the depth-
of material to be removed controlled simply’by varying
the speed of traverse.

At the rear of the cowl 52 an opening or passage
62 communicates with the lower end of the duct %6 so

that cold nitrogen gas is drawn into the duct from the

‘cowl 52 and mixed with the air stream entraining the

removed maverial. The nitrogen gas in the duct

assists cooling of the shot, and the removed material.
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Figures 2 and 3 show a surfacértreatment'
apparatus generally similaf,to that of Figufe 1
eicept that an applicatorrfof surface cooling is mno?
sﬂown, although may be added and the apparétus'is
opéositely orientated to thét of Figure 1. For
simplicity parts of Figures 2 and 3 will be given the
same reference numbers as the corresponding parts of
Figure 1 and only the differen@es'will be described in
detail. 7; ,
" The apparatus of Figures 2 and 3 hés two pairs

of wheels 12, the forward pair being driven by motor

" 13.  The appafatus in use will be driven in the

direction of arrow A.

The impeller 16 is at the oppos%te'end of the
carriage to tﬁe steéring and control handle 15.

As in the apparatus of Figure 1 shbtrgrit or other
suitable particles are'suppiied to théiimpeller
from hopper %4 via axial inlet 32,

The particles impelled at high épeea,onté the
surface being treated rebound into generally parallel
sided curved duct 36, 7 : ,

Adjacent therupper:end of the dﬁcf,BG is an
inclined separator plate 80 extending downﬁardly and
rearvardly thus forming a passage 81 with wall 82 of

the apparatus. Again a pipe 46 connects the hopper
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34 to a dust collection/storage unit (not shovm)
through which air is drawn by a suction fan.

In the passage 81 are a series of spray
noézles 8% supplied via pipe 84 from a source of
cryogenic liquid. Températufe sensing probes 85, 86
are situated in the exit of duct 36 and below the
spray nozzles adjacent the end of passage 81
respectively. 7

In use,’ shot, gfit or other particles are
supplied to the impeller from hopper 34, aré
impelled onto the surface being treazted and rebound
into duct %6 vhere they together with removed surface
material, usually in powder form, are drawn through the
duct by the suction fan of the dust collection/storage
unit.

On reaching the sepérator plate 80, the heavier
shot, grit or cther particles are defleéted dowvnwards
into the hopper 34 and cooled by the cryogenic liquid
supplied through the spréy nozzles 8% which are-
orientated so as to spray the cryogenic liguid in the
direction of travel of the particles. The lighter
powdered surface material, however, remains in the air
stream and enters the dust collection/storage unit
via pipe 46. The air stream iég 6f course, also

cooled.
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As well as cooling the used particles which are
recycled, the positioning of the spray nozzles is
such that some cooling of the unused particles will
take place., Turthermore the épparatus will be kept
cool and some cooling of'the surface may also take
place. |

The temperature sensing probes 85, 86 are
used to control the amount of cryogenicrliquid used.
They may provide a visual indication of the temperatures
within the appératus whéréby the'operatorrcan alter
the rate of flow of cfyogenic'liqﬁid from its~storage
container or they can be included in an automatic
flow control system such as shown in Figure 4 or
Figure 5.

Referring to Figﬁre 4, cryogenic liguid is
supplied to spray nozzles 8% by line 90. The line'90
includes a manual valve 91 usually situ?ted at the
liquid storage container of line 90 a rélief valve 92

and a solenoid operated valve 93 at the appératus end

" of line 90. Operation of the solenoid valve 93% is

caused by controller 94 in response to the temperature
sensed by probe 95.
The éontroller O4 can be set to open or close the

valve 95 depending on'the temperature sensed,,so that
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if the tempsrature rises, the valve opens and if the

tamparatufe falls, the valve closes. In this way the

amount of cryogenic liquid can be kept to a minimum,
An alternative control system is shouwn in

Figure 5 uwherein cryogenic liquid is supplied to

spray nozzles 100 from a storage container via line 101.

The line 101 includes a manual valve 102 a relief
valve 103 and a pneumatically operated valvs 104 at
the apparatus end of 1line 101. Pneumatic fluid is

supplied to valve 104 via line 105. A temperaturs

sensing probe 106 causes operation of a controller 107

vhich in turn causes operatinn of fluid pump 108 in

line 101.

The apparatus of Figures 2 and 3 does not reguire

an applicator for coeoling the surface to be treated
unless the ambient temperature is fairly high say

during summer, or in tropical climates, or if the

-surface to be treated includes very heat sensitive-

N

material such as paint.

R simple form of applicator is shown in Figure 6

which comprises a coul 150 enclosing a series of spray

nozzles 152 and having a sealing skirt 154 to limit
escape of coolant. Such an applicator can houever,

result in considerable wastage of coolant. Thus

recycling of coolant would be adventageous, Tuo examples

of suitable applicators for this purpose ere showpn in

3
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Figures 7 and 8. 7
?eferring torFigure 7, an applicatorr200 has

spray nozzles 201 mounted at one end thereof connected

to a supply of coolanf (not sbown) comprises a cowl 202

having a flexible sealing skirt 203 mounted on its

bottom edge so as to contact the surface being cooled.

- Fixed horizontally within the cowl 202 is a strut 204

which provides a,ceolant,flow passage 206. VDepending
from the strut 204 are a series of baffles 208. The
strut 204 also carries wheels 210. 7

Mounted in the uPper part ofithe coolant giow
passage 206 is a fan 212 and leading from the uﬁfef
part is an outlet 214 for excess'coolantrgas. ’The
cutlet 214 has a rotateble baffle 216 to control the
rate of flow of gas fhrough the outlet.

The applicator 200 travels in the direction of
arrow B and eoolant liquid is spfayedronto'the surface
via the spray nozzles. As the coolant liéuid strikes
the surface it evaporates thus cooling the surfeee.
The resultant gas is drawn along the passage 206 by
the fan 212 and eventually strikes the baffles 208 as it .
reaches the surface under treatmenu. This increases
the turbulance of the gas and enhances heat transfer
and thus cools the sﬁrfaee'ahead;of the spray nozzles.
Thus the consumptiohrbfrcoolant eaﬁ be signifioantly

reduced.

N e bt e ¢ g < o at

e sy,
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As the pressure builds up‘wiﬁhinrtﬁe cowl; the
outlet can be opened to allow excess gas to escape
to atmosphere or to be used for furthér coolipgwsay
within the shot ‘blastlnrr apparatus. | .

- Turning to Figure 8, the appllcator shovn is
similar te that of Figure 7 except that the spray -
nozzles 201 are situated adjacent the fan 242, so
that the coolant liquid will already be in gaseous form
before it strikes the s&rface. ,

It will be appreciated that the apparatus of
Figures 1 énd 2 might be modified in various ways.

For example, direct recycling of the used shot might
be dispensed with, the usedrshot being allowed fo

fall to the floor behind the machine and being
collected by a sweeper orrtherlike. Alternatively the
used shot and dust might be removed, together, to a .
separate dust collection unit/hopper. ﬁossibly contain-
ing sieve screens for separating the shot from the.
dust.r

As previoﬁsly mentioned embodiments of the
invention are of particular advantage for restoring
skid resistance of aggregate/binder road surfaces since
they permit accurate and uniform reduction of the
binder matrix and, at the same fimé, roughen the
exposed surface of the aggregate. However, it should

be noted that the invention is also applicable to
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removing material from other surfaces, for esxample
soap, fat, adhesives, etc., from concrete factory
floors; rubber, resin and bituminous coatings Ffom
steel (e.q. bridgs decks); ramoving traffic markings,
such as painted or thermoplastics white lines,
from roaduays; prebaring asphalt or bituminous road
surfaces to provide a ksy for an additional coating

of asphalt or bitumen.
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1e A surface treatment process comprising removing
| cooled

surface material by bombardment -with/shot, grit or

other suitable particles.

2. A process as claimed in claim 1 wherein the

particles are cooled prior to being applied to the

surface.

3. A process as claimed in claim 2 wherein the

‘particles are cooled after being applied to the

surface and then recycled, . S

4. A procesé as claimed in claim 1, 2 6& 3.wherein
the surface material i1s cooled prior to bombardment
with the particles.

5. A process as claimed in any one of claims

1 to 4 wherein cooling is z2chieved using a cryogenic
fluid. ' ) IS

6. A process as claimed in claim 5 wherein the

cryogenic liquid is sprayed onto the particles or the

surface being treated.

7. A process as claimed in claim 5 or 6 wherein the

cryogenic liquid is liquid nitrogen or liquid carbon

dioxide.

8. Apparatus for treating surface material comprising

means for bombarding the suiface material .with shot,
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it or other suitable particles to remove surface

‘material, and means for cooling the particles before

or after impingement on the surface.

9) Apparatus as claimed in claim 8 further
coﬁprising means for cooling the surface material to

a temperature at which it becomes substantially
brittie.

10. Apparatus as claimed in claim 8 or 9 wherein the
means for bombarding the surface with said particles
comprises a motor-driven impeller arranged to

impel said particles downwards onto the surface.

1M. 'Apparatué as claimed in claim 10 further
comprising a duct extending upwardly from adjacent the
position at which the particles impinge on the surface
so as to receive the particles as they rebound from the
surface. _

12. Apparatus'as.claimed in claim 40:or 11 Turther
comprising a hopper for supplying the particles to

the impelier.

13. Apparatus as claimed in claim‘ﬂé wherein the duct
conveys the rebounded particles to the hopper.

1. Apparatus as claimed in claim 11, 12 or 13
Turther comprising a fan or vacuum source to maintain
a flow of air through the duct sufficient to draw the

removed material from the surface.
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15. Apparatus as clazimed in any one of claims 11 to

and removed material.

4 ﬁéving means for separating rebounded particles

16. V'Apparqtus as claimed in claim 15 wherein the

separating means is situated between the upper end of

the duct and the hopper.

17. Apparatus as claimed in claim 16 wherein the

separating means operates by gravity.

18. Apparatus as claimed in claim 17 wherein the

separator is a plate positioned between the duct and

the hopper whereby the particles will strike the plate

and be deflected downwards into the hopper, wherein

the removed surface material remsins in the air streamnm.

19. Apparatus as claimed in claim 16 vherein the

separating means comprises a sieve screen.

20. Apparatus as claimed in any'one of claims 8 to 19

wherein coolant is
separator.

21. Apparatus as

_ 20 vherein coolant

22. Apparatus as
21 wherein coolant

extending duct.

supplied in the régibn of the

claimed in any one

is supplied to the
claimed in any one

is supplied to the

of claims 10 to

impellér regicn.
of claims 11 to

upwardly

2%, Apparatus as claimed in claim 20, 21 or 22 wherein

the coolant is supplied via one or more spray nozzles.

24, Apparatus as claimed in claim 2% wherein the

-
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spray nozzles are orientated so as to direct coolant
in the direction of travel of the particles or air
stream.

25. Apparatus as claimed in any one of claims 9 to
24 wherein the means for applying coolant to the surface
being treated includes a cowl housing a plurality of
spray nozzles and/or baffles directing the coolant
onto the éurface over which the applying means is
moved.

26. Apparatus as claimed in claim 25 wherein a
flexible skirt depends from the edges of the cowl to
seal the surface and limit coolant loss.

27. Apparatus as claimed in claim 25 or 26 wherein
the cowl of the coolant applying means has a generally
horizontal strut fixed between a pair of opposite
sides thereof so as to provide a flow path Tor coolant
gas within the cowl, and means for ciﬁculating the
coolant gas.

28.‘ Apparatus as claimed in claim 27 wherein ‘the
circulating means is a motor driven fan.

29. Apparatus as claimed in claim 27 or 28 vherein
the cowl has an adjustable outlet for exhaustion of
excess coolant gas.

50. Apparatus as claimed in éiaim 29 wherein the

outlgt is connected to the apparatus to permit further
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~26 -

use of the gas in cooling the particles or the air

- stream within the apparatus.

31. Apparatus as claimed in any one of claims 8- to
30 including means for controlling the temperature

within the apparatus.

32, Apparatus as claimed in claim 31 vherein the

- temperature controlling means includes one or more

temperature sensing probes.
33. Apparatus as claimed in claim 32 wherein the

temperature sensing probes gives a visual indication

-of the temperatures within the apraratus. ~.

A, . Apparatué as claimed in claim %2 wherein the
temperature sensing probes are chnected to a valve
controlling flow of coolant to the apparatus.

35. Apparatus as claimed in claim 32, 33 or 34
wherein  temperature sensing probes are situated

5ust prior to the separator and just after the
separator. '

36. Apparatus as claimed in claim 35 wvherein -
temperature'sensing probes are also situated just
prior to the impeller and/or in the upwardly extending
duct. |

37. Apparatus as claimed in any one of claims 8 to
36 wherein coolant supply is from a Tixed tank or from

a mobile tank connected to the apparatus by flexible

cryogenic hose,
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%8, Apparatus as claimed in claim 37 wherein the

tank is fixed abové the coolant:applying means.

39. L method as claimed in c¢laim 1 and subsfantially
as hereinbefore described with reference to the
accompanying drawings.

40. Apparatus for surface tfeatment substantially as
hereinbefore described with reference to and as
illustrated in Figure 1 or Figures 2 and 3 together with
any one of Figures 4 to 8,
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