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DEPOSITION PROCESS

This inventior relates to novel processes for the deposition of a coating comprising a
zinc oxide upon the surface of a continuous glass ribbon during a float glass production
process. Certain of the coated glass ribbons produced by these processes are believed to be
novel and comprise a second aspect of the invention.

Transparent conductive coatings comprising a zinc oxide have been applied to glass
substrates. The coated glass is potentially useful in a variety of applications including solar
control glazings and low emissivity glazings. The coatings have most commonly been
applied using sputtering techniques. A

A variety of coatings comprising a metal oxide have been applied to a continuous
glass ribbon during a float glass production process. Generally they have been applied using
a chemical vapour deposition process (hereinafter for convenience a CVD process) in which
a vapour comprising a precursor of the metal oxide is brought into contact with the glass
ribbon at a point where the temperature of the ribbon is sufficient to drive the deposition
reaction. In order to be useful the process must deposit a coating of the requisite quality at a
deposition rate which is sufficiently high to give a coating of the desired thickness in the time
available and utilise precursors which can be volatilised and delivered to the ribbon without
any significant pre reaction having taken place. There is an on going need for processes
which meet these criteria and produce the desired product in an economic manner.

There have been proposals to deposit a coating comprising a zinc oxide on glass using
a CVD process.

USP 4751149 discloses processes in which an organo zinc precursor such as diethyl
zinc and an oxidant are brought into contact with a glass substrate in a closed chamber at a
temperature of from 60°C to 350°C. The pressure within the chamber is preferably from 0.1
to 2.0 torr. The use of a closed chamber and the low reaction rates (600 Angstroms per
minute) render these processes unsuitable for use in coating a continuous glass ribbon.

USP 4990286 discloses processes for the deposition of a fluorinated zinc oxide
coating on glass using diethyl zinc and an oxygen containing compound which may be an
alcohol, water or oxygen where the glass is at a temperature of from 350°C to 500°C.The
deposition takes place over a period of minutes which renders these processes not suitable for

use in ¢oating a continuous glass ribbon.



WO 2007/029014 PCT/GB2006/003338

2

USP 6071561 discloses processes which utilise a chelate of a dialkyl zinc compound
as the precursor but are otherwise similar to those of USP 4990286. Once again the
deposition takes place over a period of minutes and the processes are thereby not suitable for
coating a continuous glass ribbon.

USP 6416814 discloses processes for the deposition of tin, titanium or zinc oxides
using ligated compounds of these metals. It is stated that these ligated compounds are
contacted with glass at a temperature of from 400°C to 700°C and no additional oxidant is
used. No details of a process which deposits a zinc oxide coating are disclosed.

We have now discovered a CVD process for the deposition of a zinc oxide coating
can be deposited rapidly and effectively on the surface of a float glass ribbon at point where
the temperature of the ribbon is in the range 500°C to 700°C in which the vapour phase
comprises a dialkyl zinc compound and an oxygen containing organic compound.
Accordingly from a first aspect this invention provides a process for the deposition of a
coating comprising a zinc oxide on the surface of a continuous glass ribbon during a float
glass production process which comprises forming a fluid mixture comprising a dialkyl zinc
compound having the general formula RyZn wherein R represents an alkyl group comprising
from 1 to 4 carbon atoms and an oxygen containing organic compound and bringing said
mixture into contact with the surface of the glass ribbon at a point where the temperature of
the glass is in the range 500°C to 700°C.

The preferred dialkyl zinc compounds are those wherein the group R represents a
methyl group or an ethyl group i.e. the preferred compounds are dimethyl zinc and diethyl
zinc.

The oxygen containing organic compound may be any compound which is
sufficiently volatile at atmospheric pressure to be incorporated into the vapour phase with the
dialkyl zinc compound at a temperature which is below that at which it reacts with the dialkyl
zinc compound. The preferred organic compounds are aliphatic alcohols and carboxylic acid
esters.

Where the organic oxygen containing compound is an ester it is preferably an ester
having the general formula R'-C(0)-0-C(XX')-C(YY")-R" wherein R’ and R” which may be
the same or different represent alkyl groups comprising from 1 to 10 carbon atoms, X and X’

, Y and Y’ which may be the same or different represent hydrogen atoms or alkyl groups
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comprising from 1 to 4 carbon atoms with the proviso that at least one of Y or Y’ represents a
hydrogen atom. ‘

More preferably the ester is one having this general formula wherein R’ represents an
alkyl group comprising from 1 to 4 carbon atoms. Most preferably R’ represents an ethyl
group. |

Where the oxygén containing éompound is an alcohol it is preferably an aliphatic
alcohol comprising from 1 to 6 and most preferably from 1 to 4 carbon atoms.

The preferred oxygen containing organic compounds for use in the processes of the
present invention are ethyl formate, ethyl acetate, ethyl propionate, ethyl butyrate, n-propyl
formate, n-propyl acetate, n-propyl propionate, n-propyl butyrate, isopropyl formate,
isopropyl acetate, isopropyl propionate, isopropyl butyrate, n-butyl formate, n-butyl acetate,
sec butyl acetate, t butyl acetate, ethanol, propanol, isopropanol, n butanol, isobutanol and
t butanol.

A mixture of two or more organic oxygen containing compounds may be employed.
In one preferred embodiment the mixture comprise at least one ester and at least one alcohol.
The most preferred mixture comprises ethyl acetate and isopropanol. In the preferred
embodiments no other source of oxygen is employed. The presence of even a minor
proportion of oxygen gas has been found to impair the deposition process and in the preferred
embodiments oxygen is excluded from the fluid mixture.

The fluid mixture will normally comprise an inert carrier gas in which the dialkyl zinc
compound and the oxygen containing organic compound are entrained. The most commonly
used carrier gases are nitrogen and helium. The dialkyl zinc compound and the oxygen
containing organic compound will preferably comprise from 1% to 10% by volume, more
preferably from 3.0% to 4.5% by volume of the fluid mixture. In the more preferred
embodiments the balance is provided solely by the inert carrier gas.

The molar ratio of the oxygen containing organic compound to the dialkyl zinc
compound in the fluid mixture is preferably in the range 5 : 1 to 1 : 1, more preferably in the
range 3 : 1to 1: 1 and most preferably in the range 2.5: 1to 1.5 : 1.

The temperature of the glass ribbon at the point where the fluid mixture is brought
into contact with it is preferably in the range 500°C to 650°C and most preferably in the
range 600°C to 650°C. These temperatures are encountered in the float bath. In the float bath

the glass ribbon is formed on the surface of a bath of molten tin. A reducing atmosphere is
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maintained in the bath so as to avoid the oxidation of the tin and the atmosphere is
maintained at a slight plenum so as to minimise the ingress of air. The CVD processes which
are used to coat the ribbon whilst it is in the bath are normally atmospheric pressure CVD
processes as these can be operated in the atmosphere above the glass ribbon.

The coating may be deposited directly upon the glass ribbon or it may be deposited
upon a coating which has already been deposited upon the ribbon. In another embodiment of
the invention the zinc oxide coating may be deposited on top of a silica coating. In a further
embodiment it may be deposited on top of a metal oxide coating, in particular a tin oxide
coating or a titanium oxide coating. In this embodiment the metal oxide may itself have been
deposited on top of a silica coating.

The processes of this invention may also be used to produced a doped zinc oxide
coating. In this embodiment of the invention a precursor of the dopant is introduced into the
fluid mixture before it is brought into contact with the glass ribbon. Examples of dopants
which have been proposed for incorporation into zinc oxide coatings include fluorine, boron,
aluminium and molybdenum. Examples of precursors which may be incorporated into the
fluid mixture in order to introduce these dopants include hydrogen fluoride, molybdenum
carbonyl and dimethyl aluminium chloride. The presence of these dopants increases the
conductivity of the zinc oxide coating. The proportion of dopant in the coating is relatively
small normally the atomic ratio of zinc to dopant atom will be in the range 100 : 1 to 25 : 1
preferably 100 : 1 to 50 : 1. These doped zinc oxide coatings are useful as part of a coating
which imparts solar control and/or low emissivity properties to the glass. The coatings
produced by the processes of this invention can be used to produce coatings having a
resistivity of less then 500 micrin ohm cm and preferably less than 350 micron ohm cm.
Continuous glass ribbons having a coating which comprises a zinc oxide coating having these
low resistivities are believed to be novel and comprise a second aspect of this invention.

The processes of this invention may result in a zinc oxide coating being deposited at a
rate of at least 200A/sec and more preferably at least 500A/sec. These relatively rapid
deposition rates are advantageous when coating a continuous glass ribbon as part of a float
glass production process. The ribbon is advancing continuously and is only available to be
coated for a finite time. The fluid mixture is introduced to the surface of the glass ribbon
through one or more coater heads. Faster deposition rates enable a thicker coating to be

applied or a coating of a particular thickness to be applied using a smaller number of coater
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heads thus making other heads positioned over the ribbon available for the deposition of

other coatings.

The preferred thickness of the zinc oxide coatings which may be deposited using the
processes of this invention is in the range 200A to 5000A preferably 200A to 4000A. The
thickness of coating which is deposited will be selected so as to be suitable for the purpose to
which the coated glass is to be put.
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EXAMPLES

Figure 1 illustrates schematically an example of a static chemical vapeur deposition
reactor and gas delivery system useful for carrying out the processes of the present invention

and as used in Examples 1 - 6

In Figure 1 a static chemical vapour deposition reactor and gas delivery system
generally designated 1 comprises a reactor 3 having an outlet line 5 and an inlet line 7 both of
which may be wound and heated with heating tape so as to reduce the likelihood of
condensation in those lines. Line 7 connects to a four way valve 9. The other connections to
the valve 9 are line 11 which connects to a purge gas source, line 13 which connects to a
waste gas furnace and line 15 which connects to bubblers 17, 19, and 21 and to motorised
heated syringes 23 and 25. Lines 27, 29 and 31 feed vapours produced in the bubblers to line
15. Lines 33 and 35 feed liquids injected from the syringe drivers into line 15. Line 37

connects to a nitrogen source.

All gas volumes are measured at standard temperature and pressure unless otherwise
stated. The deposition process was continued in each case until the thickness of the zinc

oxide coating was in the range 2000A to 2500A.
The results are summarised in Table 1
In Table 1 DEZ, represents diethyl zinc and DMZ represents dimethyl zinc

Examples 1 and 5 demonstrate processes for the deposition of a zinc oxide coating
according to the invention. Examples 2, 3, 4 and 6 demonstrate processes for the deposition
of a doped zinc oxide coating according to this. A comparison of the sheet resistance of the
products demonstrates the increase in conductivity resulting from the presence of the

dopants.
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A second series of examples 7 - 12 were carried our using a laboratory furnace
having a conveyor enabling glass sheets to be moved through the furnace. The furnace
contains a single ten inch wide bi directional coater. The coater is adapted to convey
vaporised reactants to the surface of the glass sheet. The glass sheets were preheated to a
temperature of 632°C. The glass sheets had a bilayer coating comprising a 250A thick layer

of silica and a 250A thick layer of tin oxide. The zinc oxide has deposited on top of this
bilayer.

The vapor streams are fed to the coater from source chambers referred to as bubblers
which are maintained at specific temperatures. An inert gas stream is introduced into the
bubblers at a controlled rate so as to entrain the reactant in that bubbler and to convey it to

the coater and thereafter to the surface of the glass.
The results are presented as Table 2.

In this Table DEZ represents diethyl zinc. IPA represents isopropyl alcohol. In
Example 7 a deposition process according to the invention has a high deposition rate but the
zinc oxide coating has some powder on its surface. In Examples 9 and 10 a deposition
process according to the invention has a slower deposition rate but there is no powder visible

on the surface of the coating.
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A third series of Examples 13 to 18 were carried out using a laboratory furnace which was
similar to that used in Examples 7 to 12. The results are presented as table 3.

Table 3.

Example 13 14 15 16 17 18

Zn precursq DEZ pure | DEZ pure | DEZ pure | DEZ pure | DEZ pure | DEZ pure

Substrate | Glass/SiO,/| Glass/SiO,/| Glass/SiO,/| Glass/SiOy/| Glass/SiO,/| Glass/SiO,/
TiO, TiO, TiO, TiO, TiO, TiO,

Bubbler 1 | DEZ DEZ DEZ DEZ DEZ DEZ

temp°C 85 85 85 85 85 85

Carrier slm| 1 1 1 0.75 1 0.4

Bubbler 2 | DEAC pure| DEAC pure| DEAC pure| DEAC pure| DEAC pure| DEAC pure

temp°C 90 90 85 85 85 70

Carrier slm| 0.6 0.6 0.15 0.15 0.09 0.2

Bubbler 3 | IPA IPA IPA TIPA IPA IPA

temp°C 62 68 68 68 68

Carrier slm 1.2 0.6 0.6 0.6 0.5

Syringer 1 | IPA

Flow rate | 3.5

cc/min

N2 Balancq 8 6 10 10 10 13.8

slm

Conveyor /| 27 27 27 27 27 - 27

ipm

Glass temp] 600 600 600 600 600 600

Sheet R Q/i 20 12 7 6 8 7

Coating thickness of above samples is between 3500 A and 5000 A
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CLAIMS

1

A process for the deposition of a coating comprising a zinc oxide on the surface of
a continuous glass ribbon during a float glass production process which comprises
forming a fluid mixture corﬁprising a dialkyl zinc compound having the formula
RoZn wherein R represents an alkyl group comprising from 1 to 4 carbon atoms and
an oxygen containing organic compound and bringing said mixture into contact
with the surface of the glass ribbon at a point where the temperature of the glass is
in the range 500°C to 700°C.

A process according to claim 1 characterised in that the R represents an ethyl

group.
A process according to claim 1 characterised in that R represents a methyl group.

A process according to any of claims 1 to 3 characterised in that the oxygen

containing organic compound is an alcohol or a carboxylic acid ester.

A process according to claim 4 characterised in that the erganic compound is an
ester having the general formula R'-C(0)-O-C(XX")-C(YY")-R" wherein R’ and R"
which may be the same or different represent hydrogen atoms or alkyl groups
comprising from 1 to 10 carbon atoms; X and X', Y and Y’ which may be the same
or different represent hydrogen atoms or alkyl groups comprising from 1 to 4
carbon atoms with the proviso that at least one of Y or Y' represents a hydrogen

atom.

A process according to claim 5 characterised in that R’ is an alkyl group comprising

from 1 to 4 carbon atoms.

A process according to claim 6 characterised in that R represents an ethyl group.
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11

12

13

14

15

12

A process according to any of the preceding claims characterised in that the oxygen
containing organic compound is an aliphatic alcohol comprising from 1 to 6 carbon

atoms.

A process according to claim 8 characterised in that the organic compound is an

aliphatic alcohol comprising from 2 to 4 carbon atoms.

A process according to any of the preceding claims characterised in that the oxygen
containing organic compound is selected from the group comprising ethyl formate,
ethyl acetate, ethyl propionate, ethyl butyrate, n-propyl formate, n-propyl acetate,
n-propyl propionate, n-propyl butyrate, isopropyl formate, isopropyl acetate,
isopropyl propionate, isopropyl butyrate, n-butyl formate, n-butyl acetate, sec butyl
acetate, t butyl acetate, ethanol, propanol, isopropanol, n butanol, isobutanol and t

butanol.

A process according to any of the preceding claims characterised in that the

temperature of the glass ribbon is in the range 500°C to 650°C.

A process according to claim 11 characterised in that the temperature of the glass is
in the range 600°C to 650°C.

A process according to any of the preceding claims characterised in that the zinc

oxide coating is deposited directly upon the glass ribbon.

A process according to any of claims 1 to 12 characterised in that the coating is a
coating comprising a silica layer is deposited on the glass ribbon prior to the

deposition of the zinc oxide.

A process according any of claims 1 to 12 and 14 characterised in that a coating
comprising a tin oxide is deposited onto the glass ribbon prior to the deposition of

the zinc oxide.
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17

18

19

20

21

22

23

13

A process according to any of the preceding claims characterised in that the zinc
oxide coating is a doped zinc oxide coating and the fluid mixture further comprises

a minor proportion of a precursor of that dopant.

A process according to claim 16 characterised in that the dopant is selected from

the group comprising molybdenum, fluorine and aluminium.

A process according to any of the preceding claims characterised in that the zinc

oxide coating is deposited at a rate of from 200 to 500A/sec

A process according to any of the preceding claims characterised in that the

thickness of the zinc oxide coating which is deposited is in the range 200 to 5000A

A continuous glas ribbon having a coating comprising a zinc oxide layer upon one
surface characterised in that the layer has a resistivity of less than 500 micron ohm

cm.

A ribbon according to claim 20 characterised in that the zinc oxide layer comprises

a dopant

A ribbon according to either of claims 20 or 21 characterised in that the dopant is

selected from the group comprising molybdenum, fluorine and aluminium.

A ribbon according to any of claims 20 to 22 characterised in that the resistivity of

the zinc oxide layer is less than 350 micron ohm cm.
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