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Production of oxide ceramic coatings on glass by laser sintering
Jens Baber and Fnedrich Raether

Fraunhofer-Institut für Siiicatforschung ISC, Würzburg (Germany)

Nanocrystalline coatings of alumina on silica glass and borosilicate glasses have been produced by laser sintering. The coatings are
about 100 nm thick, dense, free of cracks and optically homogeneous. Scratch resistance of the glass surfaces was strongly improved
by the coatings. The novel laser sintering device used for this process allows the adaptation to different product geometries and
heating schedules. Strategies for a well-aimed optimizadon of process parameters and quesdons concerning possible large-scale
production are discussed.

Herstellung von oxidkeramischen Beschichtungen durch Lasersintern

Es wurden nanokristalhne Aluminiumoxid-Beschichtungen auf Kieselglas und Borosilicatgläsern durch Lasersintern hergestellt. Die
Beschichtungen waren ca. 100 nm dick, dicht, rißfrei und opdsch homogen. Die Kratzfestigkeit der Glasoberflächen wurde durch
die Beschichtungen wesentlich verbessert. Die neuartige Lasersinteranlage, die für die Herstellung der Beschichtungen verwendet
wurde, ermöglicht eine flexible Anpassung an unterschiedliche Produktgeometrien und Aufheizzyklen. Es werden Strategien für eine
zielgerichtete Optimierung der Prozeßparameter sowie Fragen einer möglichen Serienfertigung diskutiert.

1. Introduction
Coatings on glass surfaces offer  a great variety of ad-
ditional functions. With the sol-gel process  a technique
is available whieh has proved reliable for decades [1]. It
can be used with all c o m m o n coating techniques for lae-
quers. Α great advantage of the sol-gel process is that it
is possible to adapt the microstructure of the coating for
a variety of materials according to the requested appli-
cation. It can be a disadvantage, however, that after the
sol has been applied the coating has to undergo  a ther-
mal processing. In the case of many oxide ceramic coat-
ings high temperatures have to be applied for this pur
pose. If the hardening process is performed in a furnace,
the max imum temperature is limited by the thermal sta
bility of the glass Substrate. This restricts the choice of
possible coating Systems.

Hardening the coatings by laser sintering provides an
alternative to the furnace t reatment . Laser sintering is
based on headng the surface of the componen t locally
for  a very short time by a rapidly moving laser beam.
Si02, Ti02 and Zr02 coatings have sueeessfully been
laser-sintered on float glass panes in this way [2 and 3].
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O t h e r fast heat ing techniques have been appl ied t o oxide
ce ramic coat ings on glass surfaces ( c o m p a r e e.g. [4]).
F l a m e heat ing has been applied to a l u m i n a sol-gel coa t -
ings a n d the Scratch resistance of the surfaces h a s been
improved by this process [4]. T h e heat ing t imes of those
techn iques are generally longer t h a n with laser s inter ing.
Cor re spond ing ly the allowable t empera tu res a re lower.
O n the following pages laser s intering of c o r u n d u m lay-
ers o n silica glass a n d borosil icate float glass p a n e s is
descr ibed. Oxide coat ings of this k ind a re especially
chal lenging as they require processing t empera tu r e s far
above 1000°C. Hear ing schedules wi th different t ime
scales have been applied to c o m p a r e the resul ts to o t h e r
hea t ing techniques.

2. Experimental setup

Α novel laser sintering device which can p r o d u e e ex-
tremely steep t empera tu re gradients be tween surface a n d
bulk mater ia l has been developed at the F r a u n h o f e r -
Ins t i tu t für Siiicatforschung ISC W ü r z b u r g ( G e r m a n y )
(figure 1). Α CO2 laser generates  a laser b e a m wi th a 
G a u s s i a n intensity d is t r ibut ion (wavelength 10.6 μ m a n d
c o n t i n u o u s b e a m power 1.6 k W ) . T h e b e a m is gu ided
across the surface of the c o m p o n e n t wi th the he lp of
movable mi r ro rs (galvano Scanners) at a speed of a p
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Figure 1. Sketch of the laser sintering device.
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Figure 2. Calculated temperature profile at the surface and up
to 50 μm below the surface during passage of the laser spot
with point heating of the alumina coatings on the borosilicate
float glass Substrates.

proximately 100 m/s. T h e light of the laser is absorbed
in the surface of the c o m p o n e n t in a layer with a thiek-
ness of abou t 10 μm. Tempera tures of u p t o 2500 C can
be p roduced dur ing this process. T h e tempera ture distri-
bu t ion very m u c h depends on the exact parameters for
guiding the beam. In addi t ion to two movable mirrors
which let the b e a m oscillate in Χ a n d  y d irecüon, the
c o m p o n e n t is also moved by a C N C table (Computer
N u m e r i c a l Cont ro l ) wi th three axes d u r i n g laser treat-
men t . F ia t surfaces with d imens ions of u p to (400 X 
600) mm^ can be treated in this way by the present laser
sintering device. A n up seahng to larger sizes is possible
by chang ing the layout of the opt ical system. For par ts
wi th radial symmetry the C N C table is provided with an
add i t iona l fast ro ta t ional axis. T h e sample holder can be
electrically heated u p to t empera tures of 600 C, and the
sample surface can be swept by a gas flow  if required.
T h e to ta l local heat ing t ime is accumula ted by repeated
laser t reatments . T h e tota l processing t ime for parts with
d imens ions of some tens of a cent imet re is in the min
u te ränge.

Usual ly a high scanning speed of 100 m/s in one di
rect ion a n d a slower feed m o t i o n in the vertical direction
are selected result ing in a zigzag t race of the beam. The
process pa rame te r s needed to adjust the required tem-
pera tu re profile are calculated wi th the he lp of a tem-
pera tu re Simulation p r o g r a m [5]. H e a t i n g by lateral heat
flow is very i m p o r t a n t if d is tance a n d t ime interval be
tween subsequent laser traces in the slow direction are
shor t [3]. In tha t case h o m o g e n e o u s hea t ing of a com-
plete line moving slowly across the sample surfaee is pos
sible  this is deno ted as line hea t ing . O n the other
h a n d , a h igh speed of the laser b e a m in b o t h Χ and y 
direct ion results in a heat ing which is concentrated in
the laser spot  deno ted as po in t hea t ing . With point
hea t ing several h u n d r e d repet i t ions of the laser treat-
m e n t are required to ensure surface homogene i ty  the
sample has to be shifted laterally for every cycle. Mix-
tures of b o t h heat ing m o d e s are possible.

Figure 2 shows the calculated temperature distri-
but ion for the sintering of a lumina eoatings on borosili-
cate float glass by the point heating mode. The laser
power was l l O O W and the beam diameter 1.5 m m
F W H M (füll width at half maximum). The scanning fre-
quency in the fast direction was 100 Hz and in the slow
direction 20 Hz. The scanning width in bo th directions
was 8 cm for a (5 X 5) cm^ sample. One can see that
differences in temperature of 1000 Κ are reached across
a layer from the surface to a depth of about 20 μm. With
line heating the temperature gradients are much smaller,
but a more homogeneous and gentle t reatment is
achieved [3]. Typical time constants related to point
hearing are between 20 and 100 μs (figure 2); line heating
has t ime constants between 0.1 and 10 s.

Different kinds of A I 2 O 3 sols were applied to silica
glass and B O R O S I L I C A T E float glass (Duran 33) S U B S T R A T E S

by spin and dip coating. After drying the layers had a 
thiekness of about 1 μm. Afterwards the layers were
thermally pretreated in a furnace at 400 C for 30 min in
order TO remove organic components . The thiekness was
thus reduced to 300 nm. Then they were laser-treated.
The temperatures in the layers dur ing laser t reatment
were about 1800°C  far higher than the deformarion
temperatures of the glass SUBSTRATES (Tg of silica glass
and borosilicate glass are 1480 C and 560 C, respee-
tively). Three different laser heating modes: point heat-
ing, line heating and mixed heating were applied.

The layer thiekness was measured by profilometry
(Tencor, a lphastep, San Jose, C A (USA)). Surface cracks
were investigated by a scanning electron microscope
(SEM, S 800, Hitachi Ltd, Tokyo, (Japan)). The crystal-
lite sizes and phases after the laser t reatment were meas-
ured in a t ransmission electron microscope ( T E M , C M
12, Philips, Eindhoven (Netheriands) by dark field imag-
ing and electron diffraction, respectively. The density of
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Figures 3a and b. XPS concentration profiles of the laser-
sintered alumina coatings; a) point heating mode and b) line
heating mode.

the coatings was determined by X-ray reflectometry (Sie
mens, D-5000 München (Germany)) [6]. Interdiffusion
between coatings and Substrate was investigated by
measur ing concentrat ion profiles by X-ray photoelec-
t ron spectroscopy and Ar- ion sputtering (XPS, S-probe
Surface Science Instruments , M o u n t a i n View, CA
(USA)) . Abrasion was tested by a Taber abrader accord-
ing to [7] using a force of 5.4 Ν per wheel (Teledyne,
5150 Los Angeles, C A (USA)) and inspection of the sur
faces in a hght and scanning electron microscope.

t r ans fo rmat ion t empera tu re the rapid local t h e r m a l ex
p a n s i o n of the Substrates leads to s t rong stresses  
which is n o p rob lem wi th the silica glass d u e t o its low
t h e r m a l expans ion. By heat ing the Substrate of the b o r o -
silicate float glasses h o m o g e n o u s surfaces w i t h o u t c r acks
were also achieved.

A n o t h e r advan tage of the po in t hea t ing t r e a t m e n t by
laser could be demons t ra ted wi th a t r ansmiss ion e lec t ron
microscope [5]. T h e layers consisted of small c rys ta lh tes
wi th a d iamete r as small as 10 to 30 n m . T h e c o r u n d u m
p h a s e was identified by electron diffraction. N a n o c r y s t a l -
line layers of this k ind promise bet ter t r ibological p r o p e r -
ties. This was control led by measu remen t s wi th a Tabe r
ab rade r [7]. T h e surfaces which h a d been laser - t rea ted
showed a h igher wear resistance t h a n the glasses w h i c h
h a d n o t been coated (figures 4a a n d b) . Wear res is tance
was improved for b o t h glasses: silica a n d boros i l ica te glass
a n d b o t h types of laser t rea tment : mixed hea t ing a n d
p o i n t heat ing. Α quali tat ive c o m p a r i s o n of the m i c r o -
scopie Images, however, showed tha t the i m p r o v e m e n t w a s
m u c h s t renger wi th the po in t heat ing m o d e .

1 : / · : ' 

3. Results and discussion

Figures 3a and b show concentra t ion profiles of the
coatings after laser sintering in the point heating and
the line heating mode, respectively. With the line heating
m o d e an interdiffusion between a lumina and silica glass
occurs, while with the point heating mode this interdif-
fusion is avoided. With smaller laser power no sufficient
adhesion of the coating was achieved. Therefore, pure
alumina coatings could only be produced in the point
heating mode using extremely short sintering times in
the 100 μs ränge. With other heating techniques which
work in a time scale comparable to the line heating
mode, we expeet a similar interdiffusion of coating and
glass. After laser t reatment the layers produced by point
heating were still 80 to 100 n m thick. With the help of
X-ray reflectometric measurements it was shown that a 
density > 90 % of the theoretical density of α;-Αΐ2θ3 had
been reached. By choosing the right parameters for laser
sintering the layers showed no cracks in the scanning
electron microscope. They were optically homogeneous.

With the borosilicate float glass S U B S T R A T E S the
sample holder had to be heated addit ionally to tempera-
tures of about 500 C to prevent a cracking of the glass
surface during laser treatments. Apparently, below the

4 . '

a) 400 μηη

b) 4 0 0 μηη

Figures 4a and b. Surfaces of the silica glass after 10000 cycles
in a Taber abrader; a) without coating and b) with laser-sintered
alumina coating.
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Laser sintering processes are de te rmined by more
Parame te r s t h a n convent ional furnace heat ing . The rela-
tive movemen t of the sample a n d of the laser beam add
u p to a compl ica ted t ime- tempera ture schedule. There-
fore, an efficient opt imiza t ion of the process parameters
is essential for a successful process development . The
model l ing of the t empera tu re d is t r ibut ion is very impor-
t a n t to p lan the sintering experiments . T h e proeess con-
trol by pyromet ry also helps to deteet unexpected
p h e n o m e n a dur ing the heat ing process. Α fast in line
con t ro l allows for an inspect ion of the coat ings by a light
microscope a n d for the shr inkage m e a s u r e m e n t by profi-
lometry. O the r m o r e sophis t icated a n d t ime-consuming
measu r ing m e t h o d s like scanning or t ransmission elec-
t ron microscopy, X P S or X-ray ref lectometry are needed
t o ob t a in a reasonable unde r s t and ing of the laser-mate-
rial in terac t ion in a larger cont ro l loop. Finally, material
tes t ing is necessary to achieve a fme tun ing of the pro
cess pa rame te r s according to the requi rements .

4. Conclusions

Very high tempera tures of u p to 2500 °C a n d high tem-
pera tu re gradients can be p roduced du r ing laser sinter-
ing. H o m o g e n e o u s densely sintered layers of a-a lumina
have been p roduced on silica glass a n d borosilicate
glasses which have a deformat ion t empera tu re far below
the m a x i m u m tempera tu re of the laser t reatment . D u e
t o the Short processing t ime grain g rowth was sup
pressed. T h e tr ibological proper t ies of the glass surfaces
were strongly improved by the coatings. Applicat ions of
laser sintered c o r u n d u m coat ings are conceivable for all
k i n d s of h igh -qua l i t y glass surfaces which need good ab-
ras ion resistance, e.g.: d isp lays, watch glasses or Windows
in Attings. T h e chemical resistance of glass surfaces may
also be improved by the c o r u n d u m coat ings.

Because of the promis ing proper t ies of the coatings,
aspects of series p roduc t ion have to be considered. In
con t ra s t t o the convent ional heat t r ea tmen t in a furnace
the laser sintering process can only be performed with
few pa r t s in parallel  depend ing on the relation of the
c o m p o n e n t size to the max ima l scann ing width of the
laser sintering device. Therefore, the to ta l processing
t ime per p a r t de te rmines the t h r o u g h p u t in series pro
duc t ion . T h e laser heat ing t ime was below 1 min for
(5 X 5) cm^ samples in the present study, bu t intermedi-

ate cooling times h a d to be introduced to prevent the
samples from heating up steadily Since processing time
has not yet been minimized a large potent ial for opt imi-
zation exists. The energy eonversion efficiency of the
laser is lower than that of a conventional furnace  it
amoun t s to about 5 %. But this is more than compen-
sated by the small volume which has to be actually
heated - less than 1 % of the glass becomes really hot .
The processing time is also much shorter than in a con-
venüona l furnace and therefore energy c o n s u m p ü o n is
expected to be much lower. Considering also Investment
costs we assume that the total product ion costs are simi-
lar to or no t much higher than for conventional furnace
processes. For high-value glass products laser sintering
is a promising route to improved product Performance
and a broader application ränge of glass materials.
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