
0 078 658                        2 Description
changes in temperature, thereby limiting the temperature interval over
which they are useful. Precision  optical elements require highly
In sum, the overall properties of glass render it polished surfaces  of
exacting figure and surface   generally superior to  plastic as an  optical
quality. The surfaces demand fabrication in    5    material. Conventional
hot pressing of glass, proper geometric relation to each other and,
however, does not provide the exacting surface where the elements are to be
used in trans-         figures and surface qualities demanded for image
mission applications, they will be prepared from a  forming optics. The
presence of chill wrinkles in material of controlled, uniform, and
isotropic   the surface and surface figure deviations con- refractive
index.                                   stitute chronic afflictions. As
observed above, Precision optical elements of glass are cus-      similar
problems can be encountered in conven- tomarily produced via one of two
complex, multi-     tional repressing techniques. step processes. In the
first, a glass batch is melte    Various schemes have been devised to
correct in a conventional manner and the melt formed        those
problems, ' such  devices  frequently into a glass body having a controlled
and homo  15   involving  isothermal pressing, i.e. utilizing geneous
refractive index. Thereafter, the bod        heated moulds so that the
temperature of the may be reformed utilizing well-known repressing
glass being moulded will be substantially the techniques to yield a shape
approximating the        same as that of the moulds, the use of gaseous
desired final article. The surface figure and finish  environments inert to
the glass and mould of the body at this stage of production, however,   20
materials during the pressing operation, and/or are not adequate for image
forming optics. The      the use of materials of specifically defined com-
rough article is fine annealed to develop the      positions in the
construction of the moulds. proper refractive index and the surface figure
For example, United  States  Patent No. iniproved via conventional grinding
practices. In   2,410,616 describes an apparatus and method for the second
method, the glass melt is formed into   25    moulding glass lenses. The
moulds are capable of a bulk body which  is immediately fine annealed
being heated and the temperatures thereof con- and subsequently cut and
ground to article of       trolled within narrow ranges compatible with the
desired configuration.                             glasses being moulded.
An inert or reducing gas Both processes are subject to similar limi-
environment (preferably hydrogen) is used in tations. The surface profiles
that are produced    30   contact with the mould surfaces to inhibit
through grinding are normally restricted to conic   oxidation thereof. The
principal 'inventive dis- sections, such as flats, spheres, and parabolas.
closure in that patent involves the use of a flame Other shapes and, in
particular, general aspheric   curtain (normally burning hydrogen) over the
surfaces are difficult to grind. In both processes,  opening of a chamber
enclosing the moulds to the  ground  optical surfaces  are  polished   35
prevent the entrance of air thereinto. No working employing conventional,
but  complicated,         example  specifically  illustrating   moulding
polishing techniques which strive to improve         process parameters is
provided. surface finish without compromising the surface       United
States Patent No. 3,833,347 is also 'figure. In the case of aspheric
surfaces, this     directed to an apparatus and method for press
polishing'demands highly skilled and expensive   40    moulding glass
lenses. Again, the mounds are hand working. A final finishing operation,
viz., .  capable of being heated and the temperature edging, is commonly
required. Edging ensures   '    thereof closely controlled. An inert gas
surrounds that the optical and mechanical axes of a           the moulds to
preclude oxidation thereof. The spherical lens coincide. Edging, however,
does      inventive disclosure contemplates the use of not improve the
relationship of misaligned   45    mould surfaces composed of glasslike
carbon. aspheric surfaces, a factor which accounts in part  The use of
metal dies was stated to produce lens for the difficulty experienced in
grinding such     surfaces which are not suitable for photographic lenses.
applications. The method involves eight steps: (1) It is quite apparent
that direct moulding. of     a chunk of glass is placed into a mould; (2) a
lenses to the finished state could, in principle,   50    chamber
surrounding the mould is first evacuated eliminate the grinding, polishing,
'and edging      and then a reducing gas is introduced therein; (3)
operations, which are especially difficultand time  the mould temperature
is raised to about the consuming for aspheric lenses. indeed, moulding
softening point of the glass; (4) a load Is applied processes are utilized
for fabricating plastic     "to the mould to shape the glass; (5) the tem-
lenses. Nevertheless, existing plastics suitable for   55    perature of
the mould is reduced to below the optical applications are available in a
limited     transformation range of the glass, while main- refractive index
and dispersion range only.       taining the load on the mould to prevent
dis- Furthermore, many plastics scratch easily and are   tortion of the
shaped glass body; (6) the load is prone to the development of yellowing,
haze, and    removed; (7) the mould is further cooled to about
birefringence. The use of abra ion resistant and   60    300C to inhibit
oxidation of the glasslike carbon; anti-reflective coatings has not fully
solved those  and, (8)! the mould is opened. Glass lenses so failings.
Moreover, plastic optical elements are    produced were asserted to be
essentially strain subject to 'distortion from  mechanical forces,     free
such  that no  further annealing  was humidity, and heat. Both the volume
and refrac-     necessary tive index of plastics vary substantially with
55     United StatesPatentNo.3,844,755isdirectedto 2   



0 078 658                      4 an apparatus and method for transfer
moulding       required for inserting the glass into  ould, glass lenses.
The method contemplates eight         pressing, annealing in the mould, and
removal of steps: (1) placing a gob of optical glass in a      the lens
from the mould is undesirably long. transfet chamber fabricated  from
glasslike          WO-A1-2103621, published 28.10.82 and carbon; (2)
heating the chamber to first evacuate    5    therefore falling within the
terms of Article 54.3 the air therefrom and then introducing a reducing
EPC, describes a process for moulding a glass gas therein; (3) heating the
chamber to about the   shape, for example a lens, in which a preform is
softening point of the glass; (4) applying a load to  initially heated to a
first temperature at which it the softened glass 'to cause it to flow
through    has a viscosity  of from [err] to [err] Pa . s. and sprues into
mould cavities defined by glasslike    10  then a thin surface layer of the
shape is heated to carbon surfaces which shape the glass; (5)          a
second temperature which lies between the first reducing the temperature of
the chamber to          temperature and a temperature at which the -below
the transformation temperature of the         viscosity is [err] Pa . s.
The shape is then pressed to glass, while maintaining the load to prevent
its final configuration. distortion of the shaped glass body (6) removing
15  The present invention is an improvement upon the load; (7) further
cooling the chamber to about  the known process for isothermally pressing
3000C to inhibit oxidation of the glasslike carbon;  glass objects which
improvement is capable of and, (8) opening the mould.
yielding shapes of exceedingly high precision and United States Patent No.
3,900,328 provides a     reproducibility, provides press cycling times of
general description of moulding glass lenses    20   much shorter duration,
and permits the use of a utilizing moulds fabricated from glasslike carbon.
wide range of      mould materials. Thus, the patent discloses placing a
portion of       The present invention provides a process as set
heat-softened glass into the' cavity of a  mould    out in Claim 1 below.
prepared from glasslike carbon, applying appro-       The nature of the
mould material is not critical; priate amounts of heat and pressure to the
mould,   25   it must be capable of accepting a good surface while
maintaining a non-oxidizing atmosphere in     finish, be substantially
inert to the glass, and have the vicinity of the mould, cooling and opening
the  sufficient rigidity to retain the surface figure at mould, and then
removing the finished lens          pressing temperatures. In particular,
problems of therefrom.                                          replicating
detrimental features of the mould United States PatentNo. 4,073,654 is
concerned    30   surface, such as the crystal structure of metal with the
press forming of optical lenses from       moulds, have not been
encountered in the hydrated  glass. The  process. comprehends
process of the present invention. Hence, a wide placing granules of
hydrated glass into a mould,    variety of mould surface materials is
available. drawing a vacuum on the mould, heating the          Those which
can be used include several 400 mould to a sufficiently high temperature to
sinter   35   series  stainless  steels,  electroless  nickel, the granules
into an integral shape while the       beryllium nickel alloys, tungsten
carbide, alloys of mould is sealed to prevent escape of water
noble metals such as platinum, rhodium, and vapour therefrom, applying a
load to the mould,     gold, and fused silica. Glasslike carbon, silicon
releasing the load from the mould and opening       carbide, and silicon
nitride moulds are also the mould. Suggested mould materials included   40
operable but the present process does not require grasslike carbon,
tungsten carbide, and alloys of   the use of such expensive materials. The
mould. tungsten.                                         surfaces may be in
the form  of either bulk United States Patent No. 4,139,677 describes
material or coatings on an appropriate substrate. press forming and
transfer moulding of glass          In carrying out the moulding process
according lenses simulating the method of Patent No.   46   to the
invention, a body of optical quality glass 3,833,347 and 3,844,755 above,
but utilizing        may be prepared through melting a batch there- silicon
carbide or silicon 'nitride as the glass    for in a conventional manner.
The weight of the contacting material of the moulds, rather than      glass
body must be closely controlled, the weight glasslike carbon.
range being determined by the design of the European Patent Application
'No. 19342 dis-   50    article to be moulded. Furthermore, the shape of
closes the isothermal pressing of glass lenses at   the body is fashioned
to minimize inclusion of temperatures above the softening points of the
optical inhomogeneities. Hence, the glass body is glasses, i.e., at
temperatures where the glasses    shaped to minimize trapping of gas in the
mould exhibit viscosities of less than [err] poises [err]  cavities For
example, where a convex surface is Pa . s). There is no discussion of the
manner in   5    to be moulded,. the glass body should have a which the
pressed lenses are cooled to room       .- curve sharper than that of the
mould cavity so temperature so it must be assumed that the          that it
will contact the centre of the mould cavity "conventional" practice was
utilized.               first. Of course, gas trapping can also, be avoided
In summary, the prior art relating to the iso   -  via the traditional
method of venting the mould, thermal pressing of glass lenses has generally
60    but this procedure generally leads to the develop- involved pressing
at temperatures at or above the   ment of defects on the optical surface.
Within this softening point of the glass with annealing of the  constraint,
the geometry of the glass body or lenses under load within the mould. It is
quite        preform will match the configuration of the mould apparent
that, by its very nature, the process is   as closely as possible. Such
close- matching slow, i.e. the pressing cycle involving the time   6
results in the fastest, most balanced pressing, and 3  



5                  0 078 658                     6 provides a means for
preventing the development    to cool the mould under load with the glass
shape of fins on the final article. Finally, in the most  retained
therewithin to a temperature below the * preferred embodiment, the glass
preform will     transformation range or transition temperature of exhibit
little surface roughness. The 'moulding   the glass. Thus, the moulds can
be held at process will improve the surface finish of the  5   temperatures
where the glass is at a viscosity of * glass body, but excessive roughness
can lead to'  no more than [err] poises (1012 Pa . s) (the surface
inclusions and optical inhomogeneities.    minimum  temperature at which
the pressed A wide variety  of temperatures and moulding     articles are
removed from the moulds),  rather pressures may be employed successfully to
form    than  cooling the moulds below  the trans- glass articles of high
precision, provided that   10  formation range, perhaps even to room tem-
certain minimum criteria are met:                  perature, and then
reheating. Such cycling First, the moulding operation will be conducted
consumes much energy and adversely affects the at temperatures at which the
glass has a much    life of the moulds. higher viscosity when compared with
customary      . Laboratory experience has indicated that glass pressing
procedures. Thus, the glass will be    is   dimensional tolerances finer
than 0.1%  and moulded at viscosities of from about [err] to about  surface
figure tolerances finer than 0.2 [err] in the 1012 poises [err] with the
preferred  visible range of the radiation spectrum can be range being from
about [err] to about [err]  .     achieved in the process of the invention.
poises [err] It is to be noted that  In the accompanying drawings: this
contrasts with WO-A1-82/03621, referred    20   Figure 1 depicts a
laboratory apparatus suitable to above, where .the glass actually being   .
.  for moulding glass bodies; and moulded, i.e. the surface layer, has a
relatively    Figure  2. represents  another  laboratory low viscosity. Any
glass composition may be        apparatus suitable for moulding glass
bodies. deemed a candidate for the moulding process of       The  specific
structure  of the  moulding the invention, provided a mould material is
25   apparatus is not critical to the operation of the available which is
capable of being fashioned into    process of the invention. The press must
contain a good surface finish, is sufficiently refractory to  some
mechanism for moving the moulds against withstand the pressing temperature,
and is not    the glass preform and some constraints against substantially
attacked by the glass composition at  the motion of the moulds. Such
constraints are moulding temperatures.                       30   demanded
to achieve the geometrical relation- Second, the  moulding  operation  of
the         ships required among the optical surfaces. It will invention
will involve an ostensibly isothermal    be appreciated that such
constraints may be condition during the period wherein the final
constructed in a wide variety of ways. Two figure of the shaped article is
being formed. As   apparati developed in the laboratory for moulding
employed herein,  the term "isothermal" means   35   lenses are illustrated
schematically in Figures 1 that the temperature of the mould and that of
the  and 2, purely by way of example. Hence, for glass preform,at least in
the vicinity of the mould,  example, the addition of mechanisms for auto-
are approximately identical. It is to be noted that  matic loading and
unloading of the glass, alter- in WO-A1-82/03621 pressing is not carried
out      native sources of heating, cooling, and press under isothermal
conditions. The temperature.  40    motion,. and assignment of the
essential functions differences permitted are dependent upon the       to
separate or different mechanical elements are overall size and specific
design of the final glass  considered to be well  within the technical
shape, but the difference will, preferably, be less  ingenuity of the
worker of ordinary skill in the art. than [err] and, most desirably, less.
than [err]      In Figure 1, the moulds 1 and 2 resemble pins This
isothermal condition will be maintained for a   45    which slide inside a
bushing 3. The optical period of sufficient length to allow the pressure
surfaces or mould cavities 4 are fabricated in the on the moulds to force
the glass preform to flow   ends of the moulds. The geometrical
relationship into conformity with the surface of the mould.     of the
optical surfaces to each'other, i.e. the tilt Normally, the glass products
moulded in          and centration, and to the lens mounting surface
accordance with the inventive process contain too   50   is controlled by
the fit of the moulds within the much thermal stress to be suitable for
immediate   bushing. In this apparatus, mould carriers 5 and 6 use in
optical applications and, therefore, a fine  attached  to hydraulic
cylinders (not shown) annealing step is demanded after moulding
provide the motion to the moulds.  The lower Because of the isothermal
environmentutilized in   hydraulic cylinder moves lower mould 1 and the
pressing procedure, however, and the fact   55    bushing 3 into an
induction heating coil 7 and that the moulded articles  essentially totally
holds bushing 3 against a frame 8.  The upper conform to the mould
surfaces, the articles shrink  cylinder forces upper mould 2 against the
glass isotropically, thereby permitting them to be fine'  preform 9,
causing it to flow. Heating is provided annealed without any significant
distortion of the  via induction heating and cooling is supplied by
relative surface figure. Moreover, this annealing    60   natural
convection. The  temperature  of the without distortion can be achieved
outside of the  assembly is monitored and controlled by thermo- mould with
no elaborate physical support for the   couple 10 in bottom mould 1.
moulded shape. This practice leads to much          In Figure 2, the moulds
20 and 21 resemble shorter mould cycle times and precludes the need
plates with the optical surfaces or mould cavities for recycling the
moulds. In sum, there is no need    65   22 fabricated into the faces
thereof. Moulds 20 4 



7                   0 078 658                      8 and 21 butt into a
recess in a ring 23. The faces of  ment to protect the high polish and high
tolerance the recess control -tilt; the edges of the recess      surfaces
from changes due to oxidation. control centration. The moulds are attached
to       Whereas the nature of the induction heating hydraulic cylinders
(not shown) which impart       disclosed in Figures 1 and 2 precludes the
likeli- motion thereto. The lower hydraulic cylinder    5   hood of the
temperature of the glass preform moves lower mould 20 upward into contact
with      differing substantially from that of the mould, that the frame 24
and into an induction heating coil 25.  illustrative form of heating should
not be deemed The upper hydraulic cylinder forces upper mould    to
restrict the scope of the invention. For example, 21 against glass preform
26. The moulds and        it is possible to introduce relatively hot glass
into glass preform are subjected to induction heating    10   colder moulds
and thereafter be pressed in a and cooling is provided by natural
convection.     manner such that final conformity of the glass to The
temperature  within  the  assembly  is        the mould surface occurs only
after the necessary monitored and controlled by thermocouple 27.
isothermal conditions have been achieved. The apparati illustrated in
Figures 1 and 2        Under isothermal conditions, the flow' of the
demonstratetwofundamentallydifferenttypes of    15.  glass preform to
conform to the mould is con- pressing operations. In Figure 1, the volume
of    trolled by the following equation: the assembly cavity is variable.
The moulds continue to move until the flowing glass
[err] completely fills the cavity. The thickness of the [err] resulting
lens is determined by the volume of    20 glass in the mould assembly. In
Figure 2, the moulds close to a stop so the volume of the cavity  (mould
shape, starting glass shape) in the assembly is fixed. Customarily, the
volume of the glass preform  placed in the mould          where t, is the
time required for conformity P is assembly will not completely fill the
cavity. This   25  the hydrostatic pressure in the glass as it is fully
factor results in some free glass surface not      pressed and equals the
pressing force divided by constrained by the mould being present on the
cavity surface area, and [err] is the viscosity of the glass, as indicated
by 18 in Figure 2. The thickness  glass. The value of C depends upon the
difference of the lens is governed by the thickness of ring 23.  between
the shape of the mould cavity and the High precision glass articles
displaying accurate    30   starting shape of the glass, the smaller the
surface figures suitable for optical lenses have   difference, the smaller
the value of C. Any been moulded in the laboratory utilizing both
combination of [err] and [err] yielding the appro- methods and apparati,
but use of the apparatus     priate value of C may be employed to mould the
represented in Figure 1 is preferred.              article. For practical
reasons, combinations The apparatus depicted in Figure 1 may also be    35
yielding low values of [err] (pressing time) are to be employed to press
glass bodies with a free        preferred. Such combinations are highly
depen- surface, provided an external stop is attached to  dent upon the
value of C. This is illustrated in the mould carrier. The capability of
achieving an  Example 3, infra, which describes circumstances accurate
surface figure in contact with the mould,  wherein conformity is achieved
at very high glass while a portion of the surface of the glass is   40
viscosities because the configuration of the unconstrained, is advantageous
in furnishing a     mould surface and the geometry of the glass mechanism
for inhibiting the development of a fin  preform 'are quite close. By means
of similar on the  glass shape. A fin is a thin, fragile     arguments, it
is believed apparent that the appendage resulting from glass flowing into a
pressing pressure, P. appropriate for precision crack between two separate
pieces of a mould-   45   moulding can vary quite broadly. Practical levels
assembly. Fins can give rise to checks, cracks,    range from about 1 to
about 50,000 psi (about abrasion and. contamination  in a pressing
[err] to [err] with the preferred interval process, as well as cosmetic
defects.             encompassing about 500 to 2500 psi (about In the
actual operation of the presses depicted  [err] to [err]). in Figures 1 and
2, the glass preform, lower   50 mould, and bushing or ring assembled
together      Example 1 manually. The lower hydraulic cylinder moves
A batch for a glass consisting essentially, in this assembly into the
induction heating coil. The  weight percent on the oxide basis, of about
47.6% upper mould  is thereafter brought into close      [err] 4.3% [err]
2.1% [err] 23% [err] and 23% proximity with the glass. An appropriate tern-
55    PbO. was melted by conventional means in a perature-pressure sequence
is applied to the       platinum crucible. Because it is not known with
moulds and glass preform. Subsequently, the        which cation(s) the
fluoride is combined, it is upper mould is raised, the remaining assembly
simply tabulated as BaF2, the actual batch lowered below the heating coil,
and the shaped    ingredient employed to incorporate fluoride into article
removed manually and transferred to a fine    60    the glass composition.
A bar of glass was cast annealer.  Depending  upon  the  materials
from the melt and then shaped into a preform employed in the construction
of the apparatus      having a volume equal to and a geometry similar and
the temperatures utilized in the pressing step,   to that of a desired
lens, utilizing forming and it may  be advantageous to surround the
shaping technology well known to the glass art. moulding mechanism in a
non-oxidizing environ-   65   The apparatus shown in Figure 1 was assembled



9                  0 078 658                 10 in the manner described
above. Mouids having a.                 [err] 10 mm diameter were
fabricated from 420M stainless steel with aspheric surface cavities     RMS
signifies root-mean-square. The expression appropriate to a particular lens
design. The       designates the square root of the mean of the bushing was
made from tungsten carbide. The    5   square of the difference between the
values of the assembly was housed in a glove box containing a    population
and its mean. Hence: reducing gas, viz, 92% [err] and 8% [err] The mould
assembly with the preform therein was heated within the induction coil to
331C and         [err] soaked for five minutes at that temperature to    10
ensure thermal equilibrium. That temperature      where corresponded to a
glass viscosity f about [err] poises [err]. A force equialent to 1300 psi
[err] was applie  d to the  ould for one minute. The load was released and
the mould    15 assembly then cooled rapidly to [err], where the    It
appears that where, as in Example 2, the glass exhibited a viscosity of
abot [err] to [err]   mould is cooled under pressure, the glass both poises
[err]  Pa . s), the  mould  dis-      differentially shrinks away from the
mould during assembled, the resulting lens removed therefrom    cooling
because of differences in thermal expan- and placed on its side on a
ceramic plate, and the  2    sion existing between the glass and mould, and
plate and lens transferred to an annealer         tries to flow back into
conformity with the mould operating at about [err]. The annealer utilized
an  surface because of the pressure being applied air atmosphere and cooled
the lens to room         thereto. These circumstances lead to the develop-
temperature at about 50C/hour.                   ment of a lens having a
distorted surface figure. In Upon being tested via transmission inter-   25
contrast, Example 3 demonstrates that the appli- ferometry at a numerical
aperture of 0.4, the RMS  cation of a hold under load at a low temperature,
optical path difference between the incoming and   but whereat the. glass
exhibits a viscosity no existing wavefront was about 0.050 A. Hence, the
greater than [err] poises [err], for a suf- optical performance of the lens
is substantially   ficient length of time to achieve isothermal con- better
than the customarily accepted diffraction    30   ditions, allows the glass
to conform to the mould, limit criterion of 0.074 A.
thereby resulting in the production of a lens having a good surface figure.
Example 2 A glass preform was prepared having the same     Example 4
composition as, and being shaped in like manner   35.    A glass pellet was
cast from a melt and shaped to, the practice described above in Example 1.
The  into a preform in like manner to the procedure press shown in Figure'
1 was assembled with 10     described above in Example 1, the' glass having
mm diameter moulds having spherical cavities      the composition described
in Example 1. The coated with a platinum-rhodium-gold alloy, the
apparatus shown in Figure 2 was assembled, the bushing being fabricated
from tungsten carbide.   40   moulds and ring being fabricated of 400
series The mould assembly with the preform therein        stainless steels,
and the entire assembly with the was heated to [err] in the ambient
environment,          preform therein being enclosed in a glove box that
temperature corresponding to a glass vis-     containing a reducing gas,
viz, 92% N2 and 8% cosity of [err] poises [err] and soaked   [err] for five
minutes. A force equivalent to 550 psi   45  The assembly was heated to
[err] [err] was applied to the moulds for 25     poises or 3x10 Pa . s) and
soaked at that tem- seconds. With the' load still in. place, the mould
perature for four minutes. A force equivalent to assembly was cooled
rapidly to [err] this term    500 psi [err] was applied to the moulds for
perature corresponding to a glass viscosity of [err]  one minute. With the
load still in place,the mould poises (1010 Pa ..s) and then immediately
dis-   50    assembly was cooled to [err] poises or assembled with the lens
being transferred to an   [err] that temperature held for about annealer.
The surface of the lens deviated from   five minutes, the assembly
thereafter dis- the spherical by somewhat more than one       assembled,
and the lens transferred to an wavelength.
annealer operating at about [err]. The surface of 55    the annealed lens
replicated the mould surface to Example 3
better than 0.25 A P-P. Both of the moulding The conditions of Example 2
were repeated        steps  were  undertaken  under  isothermal except that
the mould assembly was held under     conditions. That practice is not
mandatory. The load at [err] for five minutes before disassembly.  second
or final pressing must be conducted under The f 0.8 spherical surface of
the lens replicated    60  isothermal conditions to secure a true surface
the mould to within 0.21 A P-P and 0.030 [err] RMS.      figure, but the
first pressing need not be. The abbreviation P-P means peak-to-peak. The
expression represents the difference between the  Example 5 maximum   and
minimum  values  of the              A glass preform shaped as biconvex
with a population. Hence:                           65  radius of curvature
of 24.0 mm was prepared 



11             0 078 658                     12 utilizing 24 mm diameter
moulds in a similar        [err] poises [err] The load was removed by
manner to that described in Example 1 from a      lifting upper mould 2 and
the lens an d while composition consisting essentially, in weight
resting upon lower mould 1. percent on the oxide basis, of about 5.9% PbO,
Interferometric inspection of the finished lens 19.2%
5    denoted excellent reproducibility. Whereas in Examples 2 to 7 the load
employed [err]                               in the pressing step was
maintained at the same level or gradually decreased as the mould 7.9%
8203, and  67%  SiO2. An apparatus          assembly was cooled to a
temperature at which paralleling that illustrated in Figure 1 was   10  the
glass exhibited a viscosity of about [err] assembled utilizing spherical
moulds fabricated   -  poises, that practice is not necessary. A force'
from tungsten carbide.                        .   must be applied which is
sufficient to hold the The preform was placed inside the mould and
glass shape in conformity with the mould, but the assembly heated to [err],
at which tem-        such load can be considerably less than that used
perature the glass demonstrates a viscosity of [err]   15  in pressing.
Forces greater than the pressing load poises [err]. A load of 12,300 psi
[err]         can likewise be used but for no practical Pa) was applied to
the mould for two minutes.     advantage. With the load in place, the mould
assembly was cooled to [err] where the glass manifests a         Also,
although in the above Examples the viscosity of [err] poises (1012 Pa. s).
The load was   20   preform was placed into the mould and the removed by
lifting upper mould 2 and the lens     temperature thereof raised in
concert with the annealed while resting upon lower mould 1.        mould,
that practice is not a required feature of Interferometric measurements of
the finished     the process of the invention. Thus, the preform lens
evidenced excellent reproducibility,         and mould can be heated to the
desired tem- 25   perature apart from each other and brought Example 6
together only at the time a load is applied to the A glass preform of the
same geometry and          Whereas  articles demonstrating  excellent
prepared in a similar manner to that described in surface figures can be
produced most rapidly Example 5 was formed from  a composition
through a single-step, isothermal pressing at consisting essentially, in
weight percent on the   30   temperatures where the glass exhibits a
viscosity oxide basis, of about 1% MgO, 27%                 within the
interval of [err] poises (107 to [err] and the article is immediately [err]
removed from the mould assembly, the best surface figures are generated
when the final surface figure is achieved at temperatures where [err] Using
the same moulding assembly as      the glass is at a viscosity between
about 10" and reported in Example 5, the preform was placed     [err]
poises [err] As would be inside the mould and the assembly heated to
expected, the time demanded for the pressing [err] at which temperature the
glass exhibits a      operation at those temperatures becomes quite
viscosity of [err] poises [err] .A load of      long .Consquently,a two
step process,such as is 13,000 psi  [err] was applied to the mould
described above in Eample 3,comprises the for two minutes.The mould
assembly was cooled    preferred practice.Thus ,an initial pressing is to
[err] where the glass demonstrates a viscosity undertaken for a brief
period at temperatures of [err] poises [err] under a gradually
where the glass is at a viscosity of about [err] to decreasing load such
that- at 538C the load was   [err] poises [err] and, thereafter, the zero.
Upper mould 2 was lifted and the lens       force is maintained on the
mould while it is annealed while resting upon lower mould 1.
quickly cooled to a temperature wherethe glass is : nterferometric
examination of the finished lens  at a viscosity of about [err] to [err]
poises [err] to indicated excellent reproducibility.              [err]
After a relatively brief hold atsuch a 50 temperature to ensure isothermal
conditions, the Example 7                                           article
is removed from the mould. Long hold A glass preform of the same geometry
and periods do not adversely affect the character of prepared in a similar
manner as that described in Example 5 was formed  from  a composition
the shaped body but are not economically consisting essentially, in weight
percent on the    55 desirable. oxide basis, of about 2% [err] 70.5% PbO,
An alternative process for conducting the pre- 0.5% [err] and 27% [err].
Employing the same       ferred two-step moulding process involves the
moulding assembly as that used in Example 5, the  use of two sets of
moulds. The first set would be preform was placed inside the mould and the
utilized at temperatures where the glass preform assembly heated to 5250C,
at which temperature   50   is at a viscosity of about [err] poises [err]
to the glass displays a viscosity of [err] poises [err]      [err] After
pressing at a temperature within Pa. s). A load of 11,600 psi [err] was
that range, the preform would be removed from applied to the mould for two
minutes. With the    the moulds without cooling and with only a 



load in place, the mould assembly was cooled to   potential slight loss of
surface figure. The glass [err] where the glass evidences a viscosity of
65   preform would thereafter be introduced into a 7    13                0
078 658                       14 second set of moulds and exposed to tem-
Claims peratures where the glass is at a viscosity of about [err] to [err]
poises [err] to [err]           1. A process for moulding glass shapes
which second pressing af those temperatures trues up      comprises the
following steps: the surface figure without demanding long    5       (a) a
glass preform (9; 26) is prepared having an moulding times, because the
amount of flow         overall geometry closely similar to that of the
experienced by the glass would be very small.       desired final product;
The second pressing step must be carried out         (b) a mould (1, 2; 20,
21) is prepared having the under isothermal conditions whereas such are
precise internal configuration to impart the not required in the first
pressing.           10   desired geometry to the final product; As observed
above, essentially any glass can be    (c) said preform is exposed to a
temperature at moulded into shapes of high precision and           which
said glass exhibits a viscosity within the excellent surface figure
provided mould material    range of from [err] to 1012 poises 1107 to 10"
is available which is sufficiently refractory and   Pa. s); inert to the
glass. For practical reasons, pressing    is    (d) said mould is exposed
to a temperature at or temperatures from [err] to [err], preferably, from
in the vicinity of that of said preform; about. 250 to about [err] are
highly desirable.     (e) with said preform in said mould while said
Accordingly, glass compositions demonstrating       preform is within said
viscosity range, a load is viscosities between 108 and 10 2 poises (10' and
applied to said mould for a period of time [err] Pa . s) at temperatures
over the interval of   20   sufficientto bring said mould and said preform,
in 100 to [err] and, preferably, from about [err] to  at least the vicinity
of' said mould, to approxi- 450C satisfy those desiderata. Phosphate-based
mately the same temperature and to shape said glass compositions are
recognized in the glass art  preform into conformity with said mould; as
commonly possessing low transition tem-           (f) said glass shape is
removed from said mould peratures. Such glasses lend themselves well to
25   at a temperature where said glass exhibits a the  moulding. technique
of the  invention,        viscosity of less than 10 poises [err] and
However, phosphate-based glasses are also           thereafter known in the
glass art as frequently exhibiting      (g) said glass shape is annealed.
poor chemical durability.                            2. A process according
to claim 1 wherein said UK Patent Specification No. 2069994A discloses   30
glass is of a composition which exhibits a vis- glass compositions within
the alkali metal        cosity within the range of from [err] to [err]
poises aluminofluorophosphate system  demonstrating        [err] over the
temperature interval of transition temperatures below [err] and good
from [err] to [err] 3. A process according to claim 1 or 2, wherein
weathering resistance which consist essentially          35    said preform
(9;26) is shaped at a temperature at analyzed in weight percent on the
oxide    35   said preform (9; 26) is shaped at a temperature at of 30-75%
[err] 3-25%  R20, wherein R20          which said glass exhibits a
viscosity offrom [err] to consists of 0-20% [err] 0-20% [err] 0-20%   -
[err]  poises (10 to 5x10 Pa.s) [err] 0-10%  [err] and 0-10%  [err] 3-20%
4. A process according to any preceding claim, [err] and 3% but <24%  F,
the atomic ratio F:AI   wherein said load applied to said mould (1, 2; 20,
being between 1.5-5 and the atomic ratio R:P        21) ranges from about 1
to 50,000 psi (7x103 to being less than 1. Because of their overall proper-
[err] ties, those glasses are considered to be the most    5. A process
according to any preceding claim, preferred compositions for use in the
process of    wherein the difference between the temperature the present
invention.                             of the preform (9; 26) at least in
the vicinity of the In the above specific working examples, articles   45
mould (1, 2: 20, 21) and the temperature of the were moulded in laboratory
apparati under           mould at the conclusion of the application of said
different thermal conditions corresponding to a    load does not exceed
about 20C. range of glass viscosities. Nevertheless, the ideal  6. A
process according to any preceding claim, situation from a practical point
of view involves   wherein said glass shape is removed from said the use of
a minimum dwell time. Moulding    50   mould (1, 2; 20, 21) at a
temperature where said viscosities within the range of about 108 to 1012
glass exhibits a viscosity of no more than [err] poises [err] to [err] Pa.
s) can be tailored to       poises [err] provide such a minimum dwell time.
7. A process according to claim 2 wherein said glass preform  (9; 26)
consists essentially, as Moulding at temperatures where a glass   55
analyzed in weight percent on the oxide basis, of exhibits a viscosity less
than [err] poises [err]    30-75% P20,, 3-25% [err] wherein [err] consists
can be undertaken, but there is a risk of such      of 0-20%  [err] 0-20%.
Na2O, 0-20%  K20, difficulties as glass inhomogeneity and unwanted   0-10%
[err] and 0-10%  [err] 3-20% [err] flow of glass between clearances in the
moulding    and >3% but <24% F, the atomic ratio F:AI being assembly
resulting in fins on the edge of the    60   from 1.5 to 5 and the atomic
ratio R:P being less pressed product. Conversely, moulding at glass
than 1. 



viscosities in excess of [err] poises [err]        8. A process according
to claim 1 wherein demands high pressing forces and extended dwell times,
and frequently leads to glass           (i) the viscosity referred to in
step (c) is from [err] breakage because of its resilient behaviour.  65
to [err] poises [err] to [err] 8    13                  0 078 658
14 second set of moulds and exposed to term-          Claims peratures
where the glass is at a viscosity of about [err[] to [err] poises [err] to
[err] Pa . s). A     1. A process for moulding glass shapes which second
pressing at those temperatures trues up     comprises the following steps:
the surface figure without demanding long    5       (a) a glass preform
(9; 26) is prepared having an moulding times, because the amount of flow
overall geometry closely similar to that of the experienced by the glass
would be very small.      desired final product; The second pressing step
must be carried out         (b) a mould (1. 2; 20, 21) is prepared having
the under isothermal conditions whereas such are       precise internal
configuration to impart the not required in the first pressing.          10
desired geometry to the final product; As observed above, essentially any
glass can be    (c) said preform is exposed to a temperature at moulded
into shapes of high precision and          which said glass exhibits a
viscosity within the excellent surface figure provided mould material
range of from [err] to [err] poises [err] to [err] is available which is
sufficiently refractory and  Pa . s); inert to the glass. For practical
reasons, pressing    15    (d) said mould is exposed to a temperature at or
temperatures from [err] to [err]. preferably, from  in the vicinity of that
of said preform; about [err] to about [err] are highly desirable.      (a)
with said preform in said mould while said Accordingly, glass compositions
demonstrating      preform is within said viscosity range. a load is
viscosities between [err] and [err] poises [err] and   applied to said
mould for a period of time 10" Pa . s) at temperatures over the interval of
20   sufficient to bring said mould and said preform, in [err] to [err],
and, preferably, from about [err] to  at least the vicinity of said mould,
to approxi- [err] satisfy those desiderata. Phosphate-based    mately the
same temperature and to shape said glass compositions are recognized in the
glass art  preform into conformity with said mould; as commonly possessing
low transition tem-           (f) said glass shape is removed from said
mould peratures. Such glasses lend themselves well to   25   at a
temperature where said glass exhibits a the moulding  technique of the
invention.         viscosity of less than 10'3 poises [err] and However,
phosphate-based glasses are also          thereafter known in the glass art
as frequently exhibiting      (g) said glass shape is annealed. poor
chemical durability.                            2. A process according to
claim 1 wherein said UK Patent Specification No. 2069994A discloses   30
glass is of a composition which exhibits a vis- glass compositions within
the alkali metal         cosity within the range of from [err] to [err]
poises aluminofluorophosphate system demonstrating           [err] to [err]
Pa. s) over the temperature interval of transition temperatures below [err]
and good       from [err] to [err] weathering resistance which consist
essentially,     3. A process according to claim 1 or 2, wherein as
analyzed in weight percent on the oxide basis,   35   said preform (9; 26)
is shaped at a temperature at of 30-75%  [err], 3-25%  R20, wherein R20
which said glass exhibits a viscosity of from [err] to consists of 0-20%
Li2O, 0-20% Na2O, 0-20%         [err] poises [err] to 5x109 Pa. s). K20,
0-10%  [err] and 0-10%  [err] 3-20%             4. A process according to
any preceding claim, [err] and >3% but <24% F, the atomic ratio F:AI
wherein said load applied to said mould (1, 2; 20, being  between 1.5-5 and
the atomic ratio R:P   40   21) ranges from about 1 to 50,000 psi [err] to
being less than 1. Because of their overall proper-  [err] ties, those
glasses are considered to be the most    5. A process according to any
preceding claim, preferred compositions for use in the process of   wherein
the difference between the temperature of the preform (9; 26) at least in
the vicinity of the the present invention. In the above specific working
examples, articles   45   mould (1, 2;20, 2l)  and the temperature of the
were moulded in laboratory apparati under          mould at the conclusion
of the application of said different thermal conditions corresponding to a
load does not exceed about [err] range of glass viscosities. Nevertheless,
the ideal  6.  A     process according to any preceding claim, situation
from a practical point of view involves  wherein said glass shape is
removed from said mould (1, 2; 20, 21) at a temperature where said the use
of a minimum dwell time. Moulding viscosities within the range of about
[err] to [err]  glass exhibits a viscosity of no more than poises [err] can
be tailored to      poises [err] provide such a minimum dwell time.
7. A process according to claim 2 wherein said glass preform  (9; 26)
consists essentially, as Moulding at temperatures where a glass   55
analyzed in weight percent on the oxide basis, of exhibits a viscosity less
than [err] poises (1 07 Pa . s)  30-75% [err], 3-25% R20, wherein R20
consists can be undertaken, but there is a risk of such     of 0-20%  [err]
0-20%  [err] 0-20%  [err] difficulties as glass inhomogeneity and unwanted
0-10%  [err] and 0-10% [err] 3-20%  [err] 



flow of glass between clearances in the moulding   and >3% but <24% F, the
atomic ratio F:AI being assembly resulting in fins on the edge of the    60
from 1.5 to 5 and the atomic ratio R:P being less pressed product.
Conversely, moulding at glass     than 1. viscosities in excess of 1012
poises (1011 Pa . s)   8. A process according to claim 1 wherein demands
high pressing forces and extended dwell times, and frequently leads to
glass          (i)the viscosity referred to in step (c) is from [err]
breakage because of its resilient behaviour.  65      to [err] poises [err]
8    15  0 078 658                                     16
- (ii) a load is maintained on said mould (1, 2; 20,   3. Verfahren nach
Anspruch 1 oder 2, dadurch 21) while said mould is cooled to a second
gekennzeichnet, daB der Rohling (9; 26) beiner temperature at which said
glass shape, at       Temperatur geformt wird, bei der das Glas eine least
in. the vicinity of said mould, is at a   Viskositat von 108 bis 5x10'0
Poises (10' bis_ viscosity of from about [err] to about [err]    5    5x109
Pa. s) zeigt. poises [err] to [err] and                 4. Verfahren nach
einem vorangehenden An- (iii)said temperature and a load are maintained
spruch, dadurch gekennzeichnet, [err] die auf die for a period of time
sufficient to bring said    [err] (1, 2; 20, 21) aufgebrachte Last sich in
mould' and said glass shape, at least in the    einem Bereich von etwa 1
bis 50.000 psi [err] vicinity of said mould, to substantially the    10
bis [err] Pa) bewegt. same temperature.                                 5.
Verfahren  nach  einem  vorangehenden Anspruch, dadurch gekennzeichnet, daB
der 9 A process according to any preceding claim,     Unterschied  zwischen
der Temperatu wherein after the glass shape has been removed      Rohling
(9 26) wenigstens in der Nahe der from said mould (1, 2; 20, 21), and
before it is    5    PreBform (1, 2; 20, 21) und die Temperatur der
annealed, it is introduced into another mould of    Pre~form  am  Ende  des
Aufbringens  der similar configuration, said preform (9; 26) and.
-elastung etwa 20  nicht ubersteigt. saidother mouldbingexposed to a
temperature            6. Verfahren nach einem vorangehenden An- at which
said glass exhibits a viscosity within the.  spruch, dadurch
gekennzeichnet, da  die Glas- range of from about [err] to about 1012
poises   20   form von der Prel3form. (1, 2; 20, 21) bei einer [err] to
[err] Pa . s) and a load is applied to said  Temperatur entfernt wird, bei
der das Glas eine mould for a period of time sufficient to bring said
Viskositat von nicht mehr ala 10  Poises (10" mould and said preform, in at
least the vicinity of  Pa 's) zeigt. said mould, to approximately the same
tem-           7 Yerfahren nachAnspruch2,dadurch gekenn- perature and to
shape said preform into con-   25   zeic.net, daB der Glasrohling (9; 26)
im wesent- formity with said mould.                            I .  lichen
nach Analyse in Gewichtsprozent auf Oxid- basis sich zusammensetzt aus
30-75%O P2A5, Patentanspruche                                    3-25% R20,
wobei R20 aus 0-20% Li2Q,00-20% 1. Verfahren  zu      omnvnGa-Na2O, 0-20%
K20, 0-10%  Rb2O und 0-10% gestaltungen  gekennzeichnot durch die folg-
30   Cs2O, 3-20%  A1203 und >3%  aber <24%  F enden Verfahrensschritte:
.besteht, wobei das Atomverhiltnlis F:AI zwischen (a) es wird ein
Glasrohling (9; 26) hergestellt,  1,5 und 5 liegt und wobei das
Atomverhiltnis R:P. der eine Gesamtgeometrie besitzt, die sehr
weniger als 1 betragt. ahnlich. der des gewunschten Endproduktes ist;    -
8. Verfahren nach Anspruch 1, dadurch gekenn- (b) es wird eine PreBform (1,
2; 20, 21) herge-   35    zeichnet, daB stellt, die die genaue
Innenkonfiguration aufweist.   ) d umr dem Endprodukt die gewunschte
Geometrie            ksdie im verfahrensschritt (c) genannte  bis-: zu
verleihen;-                                         kositat von 10 bis Sx10
poises (10 bis (c) der Rohling wird einer Temperatur aus-           5x109
Pa. s) betr!gt; gesetzt. bei der das Glas eine Viskositit innerhalb   40
(i i eine Belastung auf der Preliform (1, 2; 20, 21) des Bereichs von 10i
bis             bis l0t'          beibehalten wird, wahrend die Prelform
auf Pa.a s) zeigt- -          '                            eine zweite
Temperatur abgekuhlt wird, bei (dl die Pre13form wird einer Temperatur
ausge-       der sich die Glasform wenigstens in der Nihe sedz
diebeodride.Nhedrdsalng                          der Prel~form auf einer
Viskositit -von etwa setzt, die bei oder in der Nahe der des Rohlings   45
10" bis etwa 1012 Poises (1010 bis 1011 Pa. s) liegt; Ce) wenn der Rohling
in der Preoiform  ist,          befindet; und wahrend sich der Rohling
innerhalb des Vis-        (iii) die Temperatur und die Belastung in einer
kositatsbereichs befindet, wird auf die Pressform      Zeitdauer
aufrechterhalten werden, die aus- eine Last wihrend einer Zeitdauer
aufgebracht,         reicht, um die PreBform und die Glasform die
ausreicht, die Prelform  und den Rohling   50      wenigstens in der Nahe
der Prelform auf die wenigstens in der Nachbarschaft der Pre~form
im  wesentlichen  selbe  Temperatur  zu annihemd auf dieselbe Temperatur zu
bringen            bringen. und den Rohling in Konformitit mit der
Prelfform. zu gestalten;                                        9.
Verfahren nach einem vorangehenden An- lf) die Glasform wird aus der
PreBform bei einer   56   spruch, dadurch gekennzeichnet, daB die Glas-
Temperatur entfernt, bei der das Glas eine Vis- '  form nach ihrem
Entfernen aus der Pre~form 11, 



kositat von mehr als 1013 Poises (1012 Pa . i) zeigt;  2; 20, 21) und vor
ihrem Verguten in eine andere und danach
PrelBform  ahnlicher Konfiguration  eing'fuhrt 9g) wird die Glasform
vergutet.                   wird, wobei der Rohling (9; 26) und die andere
2. Verfahren nach Anspruch 1, dadurch gekenn-   60. Pregform einer
Temperatur ausgesetzt werden, zeichnet, daB das Glas eine Zusammensetzung
bei der des Glas eine ViskositAt innerhalb des aufweist, *die eine
Viskositit innerhalb des.      Bereiche'von etwa 10"  bis etwa 1012 Poises
(101 Bereichs von 108 bis 1012 Poises (107 bis 10"      bis 1011 Pa . s)
zeigt, und daB auf die Pregform Pa s) Ober des Temperaturintervall von 100o
bis  ' eine Belastung wihrend einer Zeitdauer aufge-' 650Co zeigt.
65   bracht wird, welche ausreicht, die Prelform und 9    den Rohling
wenigstens in der Nahe der Pre3-&       et la temperature du moule a
l'achevement de form  annahernd auf dieselbe Temperatur zu
Iapplication de lad'charge ne depasse pas environ bringen und den Rohling
in Konformitat mit der      20C. Prel~form zu gestalten.
6. Un procede selon l'une quelconque des 5-  revendications precedentes,
dans lequel on retire Revendications                                     la
forme de verre du moule (1, 2; 20, 21) A une temp'rature oui le. verre
presente une viscosite 1. Un procede pour mouler des formes de verre
non superieure a 101" Pa . s. qui comprend les etapes suivantes:       '
7. Un procede selon la revendication 2, dans (a) on prepare une preforme de
verre (9; 26)    1  e Iequel la preforme de verre (9; 26) est essentielle-
ayant une geometrie d'ensemble etroitement          ment formee, tells
qu'analysee en pourcentage similaire a cello du produit final d6sire;
en poids sur la base des oxydes, de 30 A 75% de (b) on prepare un moule (1,
2; 20. 21) ayant la   P205, 3 a 25% de R20 dans lequel R20 est forme
configuration  interieure  precise  pour cor-       de 0 A 20% de Li20, 0 a
20% de Na2O, 0 a 20% de muniquer la geometrie desiree au produit final;
is  K4,00  10% de Rb2O et 0 h 10% de Cs20,3 A 20% (c) on expose la preforme
a une temperature a     d'AI203 et plus de 3% mais moins de 24% de F, le
laquelle le verre presente une viscosite se situant  rapport atomique F:AI
etant de 1,5 a 5 et le dans la gamme de 10' A 10" Pa . s);
rapport. atomique R:P etant infdrieur A 1. -d) on expose le moule a une
temp6rature'qui        8. Un proced6 selon la revendication 1, dans est
cello de la preforme ou qui on est voisine;   :20   lequel (e) la preforme
etant dans le moule pendant que la preforme est dans cette gamnme de vis-
(l) la viscosite mentionnee a l'etape (c) est de 107 cosites, on applique
un  charge au moule               a 5x109 Pa.s; pendant un laps de temps
suffisant pour amener      lii) on maintient une charge sur le'moule (1, 2;
20, Ie moule et la preforme, au moins au voisinage du   :25  21) pendant
que l'on refroidit le moule A une moule, approximativement A la memoe tem-'
deuxieme temperature a laquelle la forms de perature et pour faqonner Ia
preforme conforme-        verre, au moins au voisinagedu moulo; est a ment
au moule;                                         une viscosite d'environ
1010 a environ 10" If) on retire la forms de verre du moule a une       Pa
. s; et temperature ou le verre presente une viscosite   30   (iii) on
maintient cette temperature et une-charge inferieure a 10i2 Pa . s; et
ensuite                   pendant un laps de temps suffisant pour (g) on
recuit la forms de verre.                     amener le moule et la forms
de verre, au, 2. Un procede selon la revendication 1, dans         moins au
voisinage du mouls, pratiquement a lequel le verre est d'une composition
qui pr~sente    la meme temperature. une viscositd se situant dans Is gamme
de 107 a   3 1011 Pa . s sur l'intervalle de temperatures de 100  9. Un
procede solon l'une quelconque des a 650C.  '
revendications prec6dentes, dans lequel, une fois 3. Un procede selon la
revendication I ou 2,      quo la forms de verre a ete retiree du mouls (1,
2; dans lequel on faqonne la pr6forme (9; 26) A une    20, 21) et avant
qu'on ne la recuise, on l'introduit * temperature a laquelle le verre
presente .-une   40    dans un autre moule de configuration similaire, la
viscosite de 10' a 5x 10' Pa . s.  '                preforme (9; 26) et
l'autre moule etant exposes a 4. Un procede selon t'une quelconque des
une temperature a laquelle le verre presente une revendications
precedentes, dans lequsl la charge   viscosite se situant dans 1a gamme
d'environ 1010 appliquee au moule (1, 2; 20, 21) ve d'environ      A
environ iO" Pa . s et on applique une charge a 7x103 a 3,5x108 Pa.
'                45   csmoule pendant un lapsde temps suffisant pour 5. Un.
procede selon l'une quelconque des         amener le moule et la prdforme,
au moins au revendications precedontes, dans lequel Ia dif-     voisinage
du moule, approximativement a la f6rence entre la temperature de la
preforme (9;'    meme temperature et faqonner la prlforme on 26), au moins
au voisinage du mouls 11, 2; 20,21)   conformite avec le moule.    


