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ABSTRACT ness of environmental matters, processes which make use of

In order to guarantee a perfect coating, a spotless and particFeiONentS prior to coating have subsequently disappeared com-

27 . . . etely from factories. Cleaning in aqueous solutions is car-
free cleaning is a must for the industrial manufacturing of y g q

. . qued out in accordance with precise cleaning mechanisms.
glass substrates. The up-to-date cleaning process is base Daning is alwavs a multi-stage process. in which cleanin
watery and biodegradable cleaning media. These media are 9 Y gep : g

used depending upon the different types of glass used in tﬁnd rinsing stages are alternately repeated. Modern multi-

- : . CRamber cleaning plants are found in the optical and electron-
precision optic. The ultrasonic power/frequency as well asthe . . : : : .
. S iCs industries, and fine mechanics as well as in the high-

and drying is decisive for spotless and particle-free cleaning\;).écuum coating area (coated lenses and hard coatings).

The most s_uccessful met_hod of drying is either m_fr_ared_ OF | EANING MECHANISMS

vacuum drying. The cleaning of substrates can be divided into

two different steps. The first step (ready for inspection cleanbepending on the application and branch of industry, the
ing) will clean the surface of the substrates to control theubstrate surfaces to be coated are soiled with a very wide
individual fabrication. This separate cleaning line will cleanvariety of organic and inorganic contaminants.

the substrates from the filling compounds, resin, cover-up

varnish and residual polish. The second step is the prop&@he common contaminants are:

cleaning prior to the coating. With this cleaning the last - centering oil

contaminates are removed from the surface. The selected - grinding and polishing pastes

equipment, chemicals and the care of the bath plays a major - Cerium-Aluminum oxide

role for successful cleaning before coating. To ensure a - fingerprints, dust, oxidation

reproducible cleaning result, a robot handling system is a

must. In addition it guarantees a high flexibility of working The function of a cleaning process is to wet the contaminants
with different cleaning cycles. All these features will result inon the substrate surface, to loosen them, envelop them, detach

a perfect cleaning line for a smooth cleaning process. them from the surface and rinse them away. Cleaning is a
complex multi-stage process. The active elements in it, com-
INTRODUCTION ing into play alternately, are chemical action, mechanical

State-of-the-art cleanliness of substrate surfaces prior toazftlon’ temperature and time.

coating process is mandatory for its success. Any contamin

tion of the surface affects the adhesion of the coating and lea . : . . .
. eaning baths require chemical additives as cleaning agents.
to defects. The degree of cleanliness of the surface cannot - .
n addition to carbonates, silicates, phosphates, borates and

expressed in numerical terms and can only be demonstrated b :
. . oo . complex agents, these detergent substances contain surfac-

the use of suitable aids. The objective soughtis “freedom from :
. " o ! N . tants as essential components of the cleaner. Surfactants are
residues” and “freedom from particles,” as much as possiblée. : . : .
. . LT organic molecules with two chemical groups spatially sepa-
Uniform, reproducible quality is indispensable, even when

the products supplied from the preceding stages of manufarqted’ one of them hydrophobic the other hydrophilic. The

P > SUPPIIEt e p gslag ﬁydrophobic parts of the surfactants attach themselves to non-
ture vary within relatively wide tolerances in terms of Shaloef:lqueous boundary surfaces and also include substances which
size, nature and degree of contamination. The solution to thzlisre insoluble in water within a micelle which they form. The
type Of. problem Teq”"es w_ell-tried process technologies irﬁydrophilic part of the surfactant molecule is always (.)rien-
user-friendly eqw_pment Wh'Ch operates saf_ely and eCoNOMi7ted to the water. This property of the surfactants makes it
cally. One well-tried cleaning procedure prior to coating is

. ; : Bossible, on the one hand, to achieve complete wetting of the
based on cleaning with aqueous solutions plus ultrasoun

followed by drvina. In the course of todav's increasin aware_sUrfaces of solid materials, on the other to infiltrate the dirt
y drying. y g particles and lift them off the substrate to be cleaned more

"hemical Action
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easily. Depending on the nature of the contamination, alkazleaning line is greatly affected by the type of drying method
line, neutral and acid cleaning agents are employed. employed, as well as by the speed of the transport mechanism.

Mechanical Action CLEANING SCHEME AND PROCESS
The process of loosening the contaminants on the surfacestECHNOLOGY
the objects to be cleaned is greatly speeded up by ultrasourEﬂ.eaning

The supplementary cleaning effect of the ultrasound is primaI=he chemical processes in the cleaning baths are matched to
rily caused by cavitation. Cavitation consists of the formatior%

of empty spaces in a liquid caused by a local reduction Ope specific contaminants on the substrates. The required

. .. concentration and action of the chemicals are being deter-

pressure. These empty spaces (cavity bubbles) have a limité . :

. . : mined by laboratory experiments. To support the cleaning

life. Incorporated piezoelectric transducers create the sub- : .
effect, the cleaning baths usually operate at a raised tempera-

pressure that are excited by hlgh-frequ_ency OSC|IIat|on§ m_t%;re. Temperatures of 40-8D (100-140F) are usual, and
cleaning media. The collapse (bursting) of the cavitation : . :
asonable in terms of economical operation (energy con-

bubbles causes a kind of “brushing effect” on the surfaces i . . :
.%lumpnon, evaporation losses). To further support the cleaning

be_ clea_ned. In f'addmon to the parameters of the bgth .“qu'effect, ultrasound is used. The strength of the sound field
(viscosity, density, temperature etc.), the factors which influ-"_~

. . " ; .. emitted should be matched to the surface area of the substrates
ence creation of the desirable state of so-called “hard” cavit

tion are the frequency and intensity of the sound. If there azr%é) be cleaned. The ultrasonic power fed into the baths should

) . . ; e approx. 5-10 watt/liter, depending on the volume of the
dissolved gases in the cleaning medium, for example short . .
- : . g s leaning tank. The most commonly used operating frequen-
after filling a tank with water, initially “soft” cavitation

e L o cies of the ultrasonic generators and transducers are in the
occurs. In this “soft” cavitation the cavitation bubbles have @ . .

X . range of 20 to 80 kHz. The use of ultrasonic generators with
gas pressure approximately equal to the hydrostatic pressure

. . S . ; ; output control ensures that the sound-wave power can be
in the surrounding liquid and their abrasive effect is low. : . : .

. . matched to the objects being cleaned. With glass and highly-

Newly filled baths must, therefore, be degassed. This can be . : Lo

. ) olished workpieces, cavitation damage can occur at the

done by pulse operation of the generators; the actual ultra-

sonic frequency not only being modulated, butin fact switcheaurfaces If the power of the sound-wave is too great. The

T : .. __.._cleaning and rinsing action in the baths is further intensified
on and off periodically. From a certain stage ofdega5|f|cat|o%y applying a vertical motion to the objects being cleaned.

onward, the transition to “hard” cavitation then occurs. Thel_hiS improves the exchange of cleaning solution or rinsing

cavitation bubbles that are now formed are largely free of the .
. . - " water at the workpiece surfaces and also leads to a more even
gases dissolved in the liquid. In addition to ultrasound, a

further mechanical effect, which contributes to intensifyin application of the sound waves. In order not to interfere with

the cleaning or rinsing action, is the motion of the bath quuiglIthe ultrasonic waves the speed of the workpieces has to be
aelected accordingly.

generated by a vertical motion of the objects being cleane

The speed_(_)r cycling-rate can be set as required. In the_ rm.S'Egnsing with Tap Water

baths additional turbulence also can be created which ims. ~. . . . . -
insing is an essential stage in the cleaning process. Rinsing

proves the rinsing effect at the surfaces of the objects bein L .
L . . - removes from the substrate any still clinging cleaning agents

cleaned. Turbulent rinsing is generated by using suitable inle . S . . .
S o and dissolved contamination. Special attention must be paid

nozzles to inject the rinsing water at the bottom of the tanks, o : . .
. 0 the way rinsing water is fed into the tanks, in order to

By pulsing the water flow, the turbulence effect can be further”, . . A . . "
intensified achieve uniform distribution of the incoming flow. By fitting

suitable nozzles in the rinsing-water feed system, further
positive effects can be achieved through a turbulent air-water
Temperature . . . S

mixture, thus increasing the rinsing effect on the surfaces to be

In the cleaning baths a temperature of 405100-140F) is . cleaned. It is important that the rinsing water is in constant

advantageous, both for the chemical action of the cleanlnr% . . :
o : otion, so that no loose particles can adhere to the objects
agents and for cavitation effect of the ultrasound. A highe

. A being cleaned. The use of tanks with all-round overflow
vapor pressure in the cleaning liquid leads to a slower declin .
. o . channels ensures that any loose residues cannot adhere to the
of the sub-pressure in the cavitation bubbles. A raised tem-

perature in the rinsing baths of 302€0(85-100F) is advis- edges of the tanks, are constantly washed away and cannot be
able for good rinsing action redeposited on the substrates. The rinsing baths between the

individual cleaning stages use untreated water (tap water) for
rinsing. The hardness of the water should not exceed

Time 12-15dH (215 — 270 USA). Generally warm water with a

The length of time for which the objects being cleaned remalpemperature of 30-4C (85-100F) is used. The rinsing baths

in the cleaning or rinsing baths depends on the nature and e L .
. . : .~ can be operated as a cascade system; i.e., the rinsing water is

degree of contamination. The average cleaning time in & ; : . .
. ; . . . used in several tanks in succession, running from the last
single bath is about three minutes. The total time spentin the . o T
rinsing bath to the first, in the opposite direction to the advance
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of the objects being cleaned. The cascade arrangement makéted with input flap-valves to admit fresh air and exhaust
a significant contribution to reducing the water consumptionflap-valves to change the saturated air.

In order to ensure the highest possible rinsing-water quality

despite this, additional filters can be incorporated. Dependingacuum Drying

on the nature of the chemicals used before the cleaning baacuum drying, on the other hand, avoids the disadvantages
the rinsing water can also be operated as a closed circwif hot-air drying. Only one basket at a time is placed in the
(cleaned filter systems). Plants exist which operate with twdrying chamber, which allows an individual drying cycle
or three separate rinsing-water circuits. This type of rinsingccording to the parts. The drying cycle is controlled by
technology makes it possible to reduce freshwater consumpressure and temperature via predetermined programs. The

tion to a minimum. temperature of the substrates after drying is 40c80
(100-175F). The air for ventilating the vacuum chamber is
Rinsing with Deionized (DI) Water fed through fine filters, so that the surfaces are not contami-

Forthe lasttwo rinsing baths in a modern cleaning plant (finestated by particles. Depending on the application, the vacuum
rinsing) DI water is used. The highly purified water is necesehambers can also be ventilated with nitrogen.
sary for the cleanliness of the substrate. The DI water-rinsing
system operates in a cascade. In the first DI rinsing bath tt&tatic Infrared Drying
objects being cleaned are rinsed with ultrasound support. Thie static infrared drying using a laminar flow box, the basket
ultrasound speeds up the water exchange at the substratigh the substrates is taken out from the last DI rinsing bath by
surface and in any fine gaps and drill-holes present. In the& slow-pull mechanism (approx. 1 mm/s), and then will be
second DI rinsing bath, turbulent rinsing is used. The purifiedried under a laminar flow box (Class 10-100) with infrared
water is circulated through a special DI water station. Aadiators. This procedure is only suitable for flat substrates
working life of the purified water of approx. 3-6 months is byand is used principally in the optical and electronics industries.
Nno means uncommon.

Quiality Control
DI Water Circuit Since there is no objective method for measuring the result of
The purified water-return-flow is fed by means of a centrifu-a cleaning process, the degree of cleanliness achieved by it can
gal pump into the ultra-violet sterilization unit via a returnonly be assessed subjectively and visually. The following
filter, and then passes into a storage tank. The water level methods are used to assess the substrate surfaces after cleaning:
the storage tank is monitored, and, if necessary, fresh DI water Visual inspection
is automatically added. From the storage tank the rinsing Using different sources of illumination and optical aids
water passes via a pressurizing unit through an active carbon/ such as magnifying glasses, stereo microscope, etc., allows
absorption-resin cartridge, ion and cation (mixer-bed resin) an operator to give a visual inspection to the object being
cartridges, and a fine-filter combination (1 micron/0.2 mi- cleaned.
cron). Before it flows back into the DI rinsing tank, a conduc= Test inks
tivity meter monitors the conductivity of the DI water. The Adrop of testink is placed on the cleaned surface. The way
quality of the DI water in the last rinsing baths is mandatory in which the drop spreads, or the steepness of the angle
for perfect, particle-free drying of the objects being cleaned. formed at its edge, allows conclusions to be drawn about

the cleanliness of the surface.

Drying

Three different drying methods are possible to dry the partSpecial Requirements in the Optical Industry
a) hot-air drying using filtered air in the circulation There are three branches in the optical industry: flat glass,
b) vacuum-drying using infrared heating ophthamalic, and precision-optic. The manufacturing steps,
c) static infrared drying in a filtered laminar-flow air contamination and sensitivity issues of each of these branches

stream (laminar flow box) is given below:
Hot-Air Drying 1) Flat Glass
The duration of drying has a decisive influence on the work- target: After the final rinsing a complete wetting

cycle and the design of the cleaning plant. Due to the fact that
hot-air drying requires a longer drying time, the dryer is
designed as a continuous-flow tunnel which can take several cleaner: Alkaline cleaners with pH 8 — 13 (to be used
baskets. Hot-air drying, therefore, requires a larger plant in 2-3 active tanks)

volume. When drying glass and plastic materials hot-air
drying can generate static charges. The hot-air used for drying
is circulated through a patrticle filter. The air circuit is pro-

sensitivity:  Little — medium

drying: Slow-pull tank and static infrared drying or
hot-air drying
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2) Ophthalmic cleaned with watery chemicals. Typically in the precision
sensitivity:  Medium optic are the short treatment times in the DI water rinsing tanks
y p g
and the prioritizing through the control system of the sub-
strates. The prioritizing will prevent a longer staying times in
the tanks than set in the programs.

drying: sSlow-pull tank and static infrared drying
under a laminar flow-box or hot-air drying

parts: Mineral glasses and plastic lenses
General Conditions for all branches
manufacturing steps: The following are required for all branches:
A) After the polishing and before the intermediate control - All chemicals are used in a concentration of approxi-
B) Before the coating mately 0.5% up to 5%, depending on the contamination
C) Before the hard-coating (just for plastic) and chemicals.
- Bath temperatures approximately’@up to 60C (104

To A) target: Surface to be free of polishing paste to meet the — 140F) depending on the sensitivity of the glass

requirements for a partly automated surface substrates.

control - Treatment time approximately 2-3 minutes (for preci-

sion optic approx 30 — 120 seconds).
Removal of polish paste is more effective with partly de-
gassed tanks than fully degassed tanks. This knowledge NINIMAL CONDITIONS

against the opinion of the experts, that is that ultrasonic tanlgt a minimum the following conditions must be meet

are only working properly yvhen t_he _Cleanlng _medla is fully, General Conditions for DI Water:
degassed. Through a special device in the active tanks the gas

content can be kept nearly constant. Through the gas bubbles: Eﬁ?gﬁgs\gty I?¥2;t%an )0'15 ms/cm (6. m)
the effect of the cavitation will be softened and the number of M 0.2

cavitation bubbles increases. This leads to a better and more” Stable number of particles durl_ng Process
- ) : . . - No cloudy DI water (no scattering under laser beam)
efficient cleaning of the fine polishing residuals.

- Rinsing rate for a tank up to 100 It (26 gal) of 10 times

To B) target: Surface to be completely free of residuals and the bath volume per hour =>1'000 It/ (264 gal/h)

particles » Typical Cleaning-Line Design: before coating
To C)target: l\i/lca;grr]nsuer;l of adhesion for the varnish for plas- 1 US Cleaning (ph 11) 2 US Cleaning (ph 8)
3 Rinsing (tap water) 4 US Cleaning (ph 7)
5 Rinsing 6 US Rinsing (DI water)

Standard cleaners are used with a pH of (11-) 13.5. Very high
demand on the cleaning line similar to B. Mostly the cleaning

process is combined with the varnish process (Dip-coating) as Note: all active tanks filtrated (09.
well as the spin coating.

7 Rinsing (DI water) 8 IR drying

Example: Glass type BK7 and B270 complete cycle
3) Precision-Optic Glass type SK15 and SK 16 starts in tank 2
target: Surface to be completely free of residuals
and particles. Modern multi-stage coating
systems (Multilayer) are showing no mercy Modern multi-chamber cleaning plants consist of individual
for every cleaning failure. tank modules which are assembled to form a sequential
e - . system in accordance with the cleaning scheme decided on. A
sensitivity:  Cleaningis characterized through the strongb : .
L . ; . “base structure for an automatic goods-transport system is
restriction of the possible alkaline and acid
cleaning medias located to the rear of the plant. The substrates to be cleaned are
placed in special good-baskets. Transport of the baskets can
cleaner: Depending on the resistance class of theébe carried out with an individual horizontal-vertical mecha-
glasses, a pH value of 6 — 10 is possible nism (transfer unit).

CLEANING-LINE DESIGN

drying: Slow-pull tank and static infrared drying Transport System

undera laminar flow-box or vacuum drying An individually driven transport arm runs on a horizontal
guide rail over the whole length of the cleaning plant, includ-

An important role in this cleaning process is played by th . . . .
treatment time in the tanks, the ultrasonic intensity and the'J the loading and unloading positions. As it does so the arm

temperature. All of these parameters can be modified a r(rj:oves a basket from tank to tank on each occasion. Both

adjusted currently so that nearly all kinds of glasses can beorlzontal and vertical drive is effected by controlled gear
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motors. Horizontal and vertical positioning is controlled viaPipe work: All pipe work should be executed in poly-
incremental transmitters. The automatic transport mechanispropylene, with welded, not glued, joints. Fittings (rotary
is arranged so that no drive components are located directalves, slide valves) in poly-propylene and stainless steel.
over the tanks, thus ensuring that any particles which may rub
off do not get into the cleaning and rinsing baths. VarioudJltrasonic: Ultrasonic transducers built into hermetically
safety devices and interconnections (bend detector, contagtaled housings, arranged over the bottom of the tank, are
detector, etc.) ensure safe operation. Controlled acceleratipneferable to transducers bonded to the bottom or walls of the
and deceleration phases ensure that the objects being cleatak from the outside (tank durability/replace ability). Piezo-
are transported gently, with no jolting, and positioned exactlgeramic transducers, with their high-efficiency and long work-
in the individual work modules. An important advantage ofing life, are currently state-of-the-art. The new system of
this type of transfer device is its great flexibility of operation.tubular transducers ensures all-around emission and, thus,
With this system it is possible by suitable programming tdetter sound distribution in the tank. Simple replacement of
omit any cleaning or rinsing bath from the sequence, amibular transducers is provided by flange design.
desired. In plants with a large number of tanks and a high
throughput performance, several transport arms are installeEconomic Considerations

Apart from capital investment costs and the associated finan-
Control System cial provision, the running costs of a cleaning process are
Modern multi-stage cleaning plants are monitored and coressentially the cost of water and energy. In comparison with
trolled by means of a program control system (PLC). This cathis, costs for cleaning chemicals and labor are generally
store a large number of different cleaning programs, which amgegligible. Nevertheless it must be said here that cheap clean-
matched to the specific requirements of the respective appiRg agents are not always also economical or produce the
cation. Among other factors, the programs control the duradesired results, especially in respect of quality assurance.
tion of the ultrasound or turbulent-rinsing active periods, thé.abor costs relate essentially to handling the objects to be
ultrasound intensity, bath temperatures, flow quantities, treatleaned. The operation of the cleaning line is due to the high
ment sequences (e.g., skipping individual tanks) etc. Bgegree of automation neglectable as well as the maintenance.
placing simple codes on the goods baskets, the differeMaintaining a cleaning plant consists principally of periodic

programs can be called up and executed. cleaning of the tanks, especially when cleaning or rinsing
baths are renewed. The time required for cleaning is however,
Construction Details small, provided that the plant has been properly designed and

Plants for industrial use must deliver consistent cleaninguilt in respect of servicing and maintenance.

results, be easy to use and service, and operate safely. Servic-

ing and maintaining cleaning plants also means cleaning thdeasures to reduce water consumption consist of the followng:

plant itself and inspecting the baths. Only with plants that are a) Extending the working life of the cleaning baths by re-

properly serviced and maintained is it also possible to produce  circulating the contents using built-in filter systems.

a clean product. Therefore in choosing plant design and Here a separate circulation system is provided for each

construction, attention should be paid to the following details, cleaning bath.

among others. b) By operating the rinsing baths by cascading, using built-
in filter systems, the water consumption can be reduced

Tank design and construction: Individual tanks in a modular by 50-70%.

layout, made from stainless steel. Sloping bottoms ensure c¢) By incorporating adjustable flow meters as well, the

complete emptying. Rounded internal corners make thorough  freshwater feed can be varied to suit individual require-

cleaning easier. For deep tanks, cleaning flanges make access ments. In addition, the active period of the rinsing

possible. Rounded, serrated overflow-edgesimprove the over-  process (rinsing-water feed) can be controlled via the

flow and reduce contamination on the walls. Uniform tank PLC system. Rinsing then switches on only when there

construction makes any later conversion work easier. is a basket in the tank.
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d) In normal continuous-flow operation a 60-70 | (16-18CONCLUSION

364

gal.) rinsing tank consumes rinsing water at the rate 0Ifn an operational production system “cleaning” as a work-
c. 10-12 I/min (2.5-3.0 gal./min). With single-shift P P y g

operation and 50% switch-on time, consumption process has hitherto not been regarded as creating added

3000-3600 liter/rinsing tank (750-900 gal.). If threevalue. But, meanwhile, in all these places experience has

rinsing tanks are operated in the continuous-flow ar_shown that only general and expert cleaning prior to coating

rangement, this consumption is tripled. With a Cascad(e)ffers an assurance of reliable production and a guarantee of

connection the rinsing-water consumption can be re<_:onS|stent product quality. Regarded in this light, “cleaning

duced to one third. If the rinsing baths are operated Witl%ertalnly constitutes the creation of added value, because it

e S ._contributes to avoiding faults, lowering reject rates and reduc-
special filter systems, the rinsing-water consumption

can be reduced to evaporation and carry-over losses. 119 costs.
must, however, be taken into consideration that, de-
pending on the degree of contamination and throughput
performance, possible renewal of the circulating water

should be checked at intervals of one to two months.



