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COATING METHOD AND

APP

ENVELOPE
: ARATUS

George Méiste;",' ‘Newark, ‘and Stanley - A. - Lopenski,
Pompton.Plains, N.J., assignors to Westinghouse Elec-

tric Corporation, East Pittsburgh, Pa., a corporation of -

" Pennsylvania o )
Filed Oct. 28, 1957, Ser. No. 692,841
12 Claims. (Cl, 117—17)

This invention relates to a method and apparatus for
coating envelopes -and, more -particularly, to a' method
and apparatus for improving the adherence of electro-
statically-deposited, - light-scattering - coating materials. to
incandescent lamp envelopes. o .

. Incandescent lamp. envelopes -are desirably provided

It is an additipnallobject to provide an improved incan-
déscent. lamp envelope electrostatic coating apparatus for

* producing lamp envelopes with very-adherent -coatings.

" The aforesaid objects of the invention, and other ob-
jects which will become apparent as the description pro-
ceeds, are achieved by providing a follow-up, travelling,

. electrostatic field for a minimum specified time to the

10

coated envelope, which follow-up ficld.increases the ad-
herence of the electrostatically-deposited, finely-divided -
coating material to the interior surface of the envelope.
Also ‘provided is an improved apparatus which incorpo- -
rates a follow-up-voltage station wherein a travelling, fol-

- low-up electrostatic field is applied between the envelope
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with a coating on the inner envelope surface, which coat- ‘

ing normally comprises a finely-divided,- light-scattering
coating material which provides the lamp, when ‘incan-
desced, with a very évén appearance. The most-com-

. monly-used coating material is finely-divided silica and an

electrostatic’ apparatus for depositing siuch.material onto
“the inner surface of.an incandescent lamp envelope is
described . in- copending application Serial No: - 603,636,
filed August' 13, 1956, now Patent No. 2,811,131, titled
“Electrostatic Coating: Machine, for Incandescent Lamp
Envelopes,” by Lopenski, Meister and. Wiino,. of which
Lopenski and Meister -are ‘the coinventors -herein; and
owned by the present assignee. = . B
When light-scatteting materials, such as silica, dare de-
posited by the electrostatic . apparatus. described - in this
aforementioned copending application, troubles are some-

20

surface ‘and an electrode which reciprocates into the in-

terior of the envelope. - : ) :
For a-better understanding of the invention, reference

should be had to the accompanying drawings where:

. FIG. 1 is a diagrammatic plan view of the improved .

" electrostatic coating apparatus;

FIG. 2 is anelevational view, partly in section, taken at -
the first-coating position shown in FIG. 1; :
FIG. 3 is an elevational view, partly in section, faken .

 at the first follow-up-voltage position shown in FIG. 1.

26

While the method and apparatus déscribed hereinafter
are useful for increasing the adherence of electrostatically-

- deposited, finely divided coating material to the interior .

30

times encountered with respect to suﬂ“lcient adherence of -

the coated silica to the envelope. - Normally the adherence
is quite satisfactory, but the ‘margin of safety between
“satisfactory” and *unsatisfactory” adherence is- not as
- great-as desired, with the result that slight misadjustments
‘of ‘the equipment. may resilt in: coatings which are not
satisfactory ‘with respect to-adherence. A coating which
" is poorly adherent to the lamp envelope normally mani-
fests itself in the form.of “blow-offs™ which’ are encoun-
tered during the manufacture of the lamp. In .explana-

tion, after the envelope has been coated, d reentrant stern’

press is sealed to-the neck portion. Thereafter- the en-
velope is evacuated -and filled with an inert gas which is
inserted through a tubulation which opens into-the lamp
envelope -ata location ‘proximate’ the envelope ‘neck.

35

-and will be so-described.

surface of any type of envelope, they are particularly’
useful for improving the adherence of such material, and
particularly silica, to the intérior surface of incandescent
lamp envelopes and hence they have been soillustrated

- ‘With' specific reference to the form of the invention

 illustrated in the drawings, in FIG.1 is shown in diagram-

matic form an electrostatic coating machine’ 10. This |
machine and the operation thereof may be identical with

. that machine disclosed in heretoforé-mentioned ‘ Patent

No. 2,811,131, which may be referred to for details, ex-
cept -that ‘a follow-up-voltage ‘work station, described’ in

. detail hereinafter, has been added. The electrostatic coat-

40:
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ing machine 10 generally comprises a stationary table 12
having mounted thereon an indexing conveyor unit 14,

‘which conveyor carries a plurality of bulb-receiving and
“bulb-retaining heads 16 through a plurality of work sta~
“tions, ds déscribed: hereinafter.

: These conveyor-carried
heads 16 are adapted to be indexed sequentially between
each of the individual positions located about the table 12

* -and to remain for a predetermined period at each of the

With a poorly-adherent coating, the puff of fill gas which .

emanates from thé tubnlation into the -envelope has'a
tendency to blow off a small area'of the coated, light-
scattering material. ' These so-called “blow-off areas” are
deleterious to" the appearance of -the’ conipleted lamp.
.- Also, the' presence of “blow-off areas” in the neck por-
tion-"of the.envelopes is indicative that the general ad-

herence "of 'the coating to the envelope may be ‘unsatis- -

factbry‘.‘ It is thus desirable t6 insure that the adherence
of the. light-scattering, envelope coating.material is al-

ways satisfactory eventhough slight misadjustments of

the coating equipment may occur. o

It is the general object of this invention to provide a
-method. for increasing the adherence of electrostatically-
deposited, finely-divided: coating material to the interior
surface - of an envelope. =~ ce .

It is a further object to provide a method for increasing

the - adherence of -electrostatically-deposited, finely-di-

vided, ‘light-scattering coating. material, preferably silica,
to the interior surface of an incandescent lamp envelope.

It is another object to provide a method for electro-

50

positions. Tn the embodiment as shown, there are thirty
such positions. Indexing is accomplished by means of a
motor-driven indexing drive 18 which'in turn connects to

.a sprocket drive 20 and driven sprocket 22, which index

the conveyor 14 abotit the table 12. The driving motor
24 for the indexing drive 18 also connects to a cam shaft
26, so that the motions of the individual cams carried by
the shaft 26 are synchronized with the indexing of the
heads 16 about the table 12. *The envelope-carrying por-

_ tion of each.of the individual heads 16 is adapted to be

60

rotated with respect to -the table 12 and this rotation is
accomplished by a motor drive 28 which connects to the -
individual heads 16.by a belt 30 to effect a rotation of
the lamp-envelope-carrying portion of the heads 16

In the ‘operation of the -electrostatic coating machine,

- ‘nncoated envelopes are loaded at the loading station 32,

statically depositing a coating of finely-divided, light-scat- -

tering silica particles onto the interior surface of an- in-
candescent lamp envelope so that the deposited silica will

h}ave very. good adherence to the envelope.

3
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either by hand or by an automatic transfer mechanism,

“such-as are’ commonly used.. Thereafter, the uncoated

envelopes are indexed through a preheating work station

"34, which may comprise three positions for example,

where they are heated by gas-air burners 36 and may be
simultaneously: flushed with air in: order to remove any
lint. Preheating of the envelopes is required in order to -
render them substantially uniformly electrically conduc-

tive. In explanation, it is well known that glass has
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a negative temperature coefficient of tesistance and that'

heating glass will cause it to ‘become relatively electrically
conductive. - As a specific.. example, ‘for a soda-lime-
silica type glass, a preheating - temperature of 100°. C;
is quite satisfactory to cause the. envelopes to become
substantially ‘uniformly electrically - conductive for the
intended purposes. ‘This preheating temperature may: be
varied over a wide range if desired,.as.the degree of pre-
heating is not critical.
_are rotated at the preheating work station 34 with re-

Desirably the uncoated envelopes .

[32]

’ :4 .
ﬁnely-d1v1ded light-scattering material for coating the
interior of the incandescent lamp envelopes

A high-voltage, direct-current supply is connécted bc—

tween the electrically-conducting nozzle conduit 76 -and

the gas-air ‘burners- 81, which are ‘positioned at the coat-
ing ‘work - station 38 to maintain. the envelopes -50-in a
heated condition and to facilitate electrical .contact.to the

- envelopes by virtue of ‘the ionized ‘nature of the gas

10

spect'to the gas:air burners 36-in.order to effect uniform .
preheating, but if desired, the preheatmg could be effected

by infrared-type heaters, utlhzmg an infrared. heahng fun- -

nel where rotation of the envelopes with respect to-the
table 12 could ‘be ¢liminated. Theréafter the preheated

envelopes are mdexed through the coating work’ station

38, which may comprise two positions -for example, and
through, the foIlow-up-voltage work station 40, ‘which
may ¢omprise two pesitions for exaimple; The envelopes

are- then indexed through the - lehring work station 42, 4

which may comprise seven positions. for ‘example. At

flame.. Preferably the negative side of the high-voltage
D.C. potential is connected to. the nozzle conduit 76 with
the other side of the high-voltage. D:C. supply being
connected to the gas-air burners 81, .one of which is pro-
vided at each position of the coating station 38. Prefer-
ably the gas-air burnets are grounded to minimize shock
hazard. The: D.C. supply may be exther pulsating -or

steady’ with respect to wvoltage,. but from “the -standpoint

-of economy it is desirable to-use a pulsating high-voltage,

the l_ehrmg work -stafion 42, substantially: .all residual -

" moisture is removed from the'coated .envelopes-by means

of an infrared-heated lehrmg tunnel 43; while simultane-.

ously. blowing hot, dry air through the interior of .the
‘coated envelopes. © After:lehring, the coated -envelopes

are indexed to the unloading station .44where they may.

be imloaded either by ‘hand; or:by conventional automatic
transfer mechanism.-. Tf - desired; - the :prelieat, * coating

and lehrlng stations may be.identical with thosc ‘as des

scribed in the aforementioned Patent No, 2,811,131, A
head ‘16, ‘when -indexed  to. .one -position .of thé coating
work station-38, is shown in-glevational view in FIG, 2.
Each head 16 ‘may be identical’ and generally comprises
a hollow chuck 46 made of ‘a-refractory material such as
lava and conforméd to receive ‘the -neck’ portion- 48 of
the envelope 50 to retain: siame throughout ‘the  coating
‘operation,

to 'a 'metal bearing 54 which rides within.a journal bear:
ing 56 to facilitate - rotation ‘of the lava chuick 46 with. re-

-spect to the table-12." Each of the heads 16 is hinged

together through an extension 58 -of the journal Bearing
56 to form the conveyor 14 and in FIG. 2 these exten-
sions 58 have been shown .offset from their actual -posi-
tioning for purposes -of ‘illustration. = A pulley 60 con-
nects to the bearing 54 to .cooperate with belt 38 to facili-
" tate rotation of the lava chuck 46 with-respect to the
table 12. A blow:back manifold-62 s provided at the
coating station 38 for the purpose of blowing undéposited

Each envelope 50 is generally symmemcal .
and comprises a bulbous portion ‘52 ‘terminating in the -
neck.portion 48 which is open at this state .of the lamp’
The ‘chuck 46 of each head 16 s secured -

direct-current supply Wwhich may be wvariable from about
-8 to about 25 kilovolts, for example.
 of a pulsating D.C. voltage, the resulting integrated elec-

‘Even in the -case

trostatic. field will .be unidirectional. As a specific ex-
amplé, for .an envelope designed for a 100 watt lamp,

the D.C, voltage :may be 15 kilovolts.

When the nozzle 78 is-regiprocated into smoke-deliver-

- ing pos;tlon within ‘the envelope 50, a gaseous medium
_such. as air, carrying .a smoke of finely-divided, light-scat--

tering ‘material such as silica, is forced from the smoke

. generator (not shown) -through the flexible feed conduit

- 80, into the fiozzle feed conduit 76 and-through the nozzle

78.  This charges at least .a portion-of the finely-divided,

wlxght—scattermg material - and s1mu}taneously the high-

voltage ‘D.C. is apphed between the nozzle feed conduit

76 -and the gas-air burner :81: - This .causes a strong
" electrostatic field to be set up between the conducting

35

* to the envelope wall where it adheres.

40

nozzle 78 and electrode 79 ‘positioned ‘with the interior

-of ‘the .envelope ‘50 and - the -electrically-conducting sur-

face: of the envelope :50..and ‘a-substantial -portion of the
finely-divided ‘material which forms-the smoke is directed
In the case of
silica, it ‘has been found that approximately 50% of the
silica which is injected into the envelope as a smoke is
deposited ‘thereon. The remainder of the silica smoke

~ which is not deposited is carried by the gaseous medium

coating material from the supp}y conduits and aforemen- °

tioned Patent No. 2,811,131 is referred to for-details.

As ‘each envelope-carrying head 16 ‘is. indexed to the
coating station 38, the coating lift cam .64 (see. FIG. 1)
actuates a push rod 66 which connects to a guided recip-
rocating bar 68 and which in.turn connects -tothe noz-
zle and return-conduit assembly-70. - An. upward move-

. ment ‘of. the ‘push: rod 66 causes ‘the nozzle :and réturn-
conduit assembly 70_to move jinto smoke-delivéring po-

from the efivelope 50, through the smoke-return conduit
72 and through the blow-back tube 74, where the unde-
posited smoke may be collected for further use. After

the nozzle has been in smoke-delivering position for one

second, for example, the lift -cam -64: has rotated suffi-
ciently that the return-conduit and nozzle assembly 70

s retracted from its position :within the head 16 and the
“envelope-carrying head 16 is indexed ‘to the next station.

In the diagrammatic view shown in FIG. 1, two indi-
vidual coating positions have been provided for applying
the light-diffusing coating to the envelopes. In prac-
tice, it is often desirablé to use only one of the individital
coating positions and in such case, the unused coating po-

" . sition is not actuated during the coating operation. Thus

60

‘the coating work station 38 may be comprise.one or more
-individual similar positions, if desired.

In order that the’ coating material will be deposited in

...-a uniform manner-on’the énvelope 50, it is necessary to

sition within the head-carried envelope 50. The nozzle

- and’ return-conduit ~ assembly 70 generally comprlses a
hollow, cy]mdncal return conduit 72 which is fabricated
of non-conducting material such -as porcelain, for ex-

65

ample,. and which -connects to a flexible, powder-blow-

back conduit 74. "The nozzle feed conduit 76 is co-

- axially positioned within the return conduit 72 -and js

fabricated of -electrically’ conducting material such as
brass. The upper portion ~of the nozzle feed  .conduit
" 76 terminates in a ‘smoke-diffusing orifice or nozzle T8
which may carry an electrode 79. The lower end of the
. nozzle conduit 76 is connected to a flexible feed conduit
80, which in ‘turn’ connects ‘to a smoke-generator. umit
(not shown) -which is adapted to generate a smoke of

70

75

- table 12 and with respect to the gas-air burner 81.

effect a rotation between the nozzle 78 and the envelope
50 while the smoke is blown into the envelope and while
the -electrostatic field is applied to cauise a substantial

‘portion of the material comprising the smoke to deposit
‘on the envelope. ' This is. desirably accomplished by ro-

tating the envelope 50 during coating with respect to the
Since
the envelope 50 is substantially umformly electrically
conductive, the electrostatic field which is applled from
the electrode to the surface of the envelope is evenly dis-
tributed.

After the envelopes have been coated, the envelope-
carrying ‘heads 16 are indexed to the follow-up-voliage
work station 40, one position of which is shown in detail
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in FIG. 3. A fo]low up—voltage lift. cam: 82 (see FIG.'

1) Aactuates a push: rod: 83 which connects to a"recipro-
" cating: bar :84-and which: in turn : connects: to. a- guided

-electrode 86.° An.upward. movement of the push rod:’

83 causes the electrode. 86 to be reciprocated-within the
coated envelope 50, Simultaneous. with reciprocation of
the electiode 86:into" the:envelope, a- high-voltage: D.C.,
which' may. be: similar: to,- or: slightly - greater: than that
_, used in the initiak coating, is:applied. between' the: moving
electrode 86 and.the: conductmg surfaces of: the envelope
'S0 by means of: the: gas-air: burners- 88; one of: which
is provided: at: eachposition. of the: follow- -up-voltage. sta-
tion 40 to maintain-the envelopes: at this iwork: station
substantially ‘uniformly : electrically . conducting. and" to
facilitate: electrical. contact: to: the: surfaces’ of. the en-
velopes.
and while the électrode 86 travels w1thm the envelope: 50;
the envelope is: rotated - with. respect ‘to'the ‘stationary
gas-air. burner: 88. in:ordér:to, maintain same substantial-
ly uniformly. electrically: conductive so: that: the electro-
static field which:is applied between-the electrode: 86:and
the envelope: surface is..evenly: distributed;. The 'speed
of rotation: of the envelope: may. be: 180 r.p.m:. for. ex-
ample, and thlS speed of Totation: may: be vaned consid-
erably
-Alternately, the: envelope 50 ‘could:be held. statlonary
if desired-and:the’ gas-air: ‘burner. rotated: thereabout. dur-
ing the -application: of” the::follow-up:, electrostatic field
in order to achieve the: same effects. ' Rotating: gas-air
burner - arrangements ‘are: fréquently: used. in the lamp-
making-equipment ‘art; ‘Also; the envelope’ and gas-air
" burner. could. be. he]d‘stationary’With-respect‘ to- one.an-

other during- the application..of: the follow-up- electro-

static field. Such:an‘embodiment;. however, would nor-
mally. necessitate: an:‘encircling-type: of ‘gas-air heater: so
that: the surfaces. of the: envelope- would: be substantially
uniformly heated: andi so- that: the: fo]low-up electrostatlc
field would be evenly distributed.’ :

" 'The electrode 86 de51rab1y is: recxprocated mto the: en-
" velope: 50, with-an: even: motxon and: the follow-upélec-

" trostatic. field: desirably isi apphed between: the electrode

86 and the conducting envelope: 50 for the: entire period
thta any pait of’ the-electrode 86/ is° moving  within the
enevlope:50: The electrostatic: field: applied between the
electrode 86 and the substantxaly umformly electrically
conductive: envelope 50°is actually moving: or: travelling
in. nature since. .the: electrode: and: conductivé' envelope
have a.relative motion: therebetween. - The' travelling
electrostatic field will'normally vary:somewhat in intensity

_since the spacing: between: the uppermost. portion: of the

electrode and:the envelope: surface: will vary- as-the -elec-
trode is'moved: within:the- interior of the envelope. Such
wvariations ‘in; field- intensity: are: not: objeétionable.. "Thus
the travelling; electrostatic: field is. dctually: applied: be-
tween: the: surface: of the: envelope: 56° and’ a plurality of
locations: which' are: within: tHe: envelope;. preferably  ex-
tending from- & location proximate- the mid-point: of' the
,envelope neck - portion 48:to:-a- location: proximate the
maximum. diameter of the:bulbous: portion: 52.of the en-
velope; 50." In-the; preferred: embodiment as:illustrated,
the  electiode: traverses: the: center- line’ of ‘the: envelope.
The: electrode: may be: offset: slightly, if desired, although
care should be’ taken: so: that: the: electrode: does not con-
" tact. the -envelope: coating: ot iti ' will: tend' to. knock. off
_coating: material;. Algo; the ¢electrode: 86: may. be recip:
rocated: to’ ‘an: extreme. position: well:- within: the- coated
envelope: 50;: even: approaching. thie: uppermost. bulbous

During. the: apphcatlon of .the electrostanc field:

6 ’

10 the enevlope to beimproved.to the. required degree.

- -Proper timing of the applied. follow-up voltage. may be

5

10

accomplished: by. applying.the voltage betweern the-elec-

trode: 86 -and: the. burner-88:in- a continuous-fashion; in

which:case the electrode lift-cam 82 will serve as:a tim-
ing: means: for controlling: the: application- of the: follow-
up voltage.. It is: desirable; However,, to provide. an ad-
ditional follow-up-voltage timing means; so-that: the fol-
low-up voltage is:applied: between- the- electrode. 86 and
the conducting- envelope for- a. total period. of at least
0.5 second .while the-uppermost.portion: of the electrode
traverses.a path defined-by a location proximate the neck
portion: 48 of the envelope 50 and a location well within

- the interior-of the bulbous:portion.52: of the: envélope 50.

15
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Such -additional voltage:timing. means: may  be. simple
make-and-break contact 90:actnated by a-cam 92 on the
cam-shaft 26.

‘In the diagrammatic. view shown in FIG. 1, the follow-

‘up-voltage station: 40 has: been.shown as: comprising two
‘individual positions:

In practice,-it. is- often - desirable to
use: only one:of the individual:follow-up voltage positions
and.in such case;. the-unused- follow-up: voltage- position
may be: dlsconnected Of course; more than two-follow-
up-voltage - positions: could: be- used- if- desired: Whether
the - follow-up: voltage: is: applied: at one or more work
posmons on: the: apparatus; the: total. time for which the
voltage: is:applied  in: the- manner ‘as- indcated should be
at. least- 0.5 second:

- Im: the. preferred embodlment as.-described hereinbe-
fote,. the electrostatic: fields. are applied in- such: a. man-
nier- that. their direction; is. from the interior of. the. en-
velopes: to the envelope: surfaces, that is, the negative

‘ potentlal is: apphed to the-electrodes- at: both- the. coat-
“irig: work  station 38 and: the follow-up-voltage work sta-
5 tion-40:and’ a.ground: potential: is applied to the-envelope

surfaces through: the: conducting gas - flames.: This
causes: the- electrostatic fields to- be- directed: from- loca--
tions within, thé-interior: of,the envel‘opes'to_the surface

- of the: ényelopes- and: this. is- desired. in order to achieve

404

50

the "best: coating.. " If ‘the electrodes. are made positive
with: respect. to the  envelope. surfdces, at either-the coat-
ing. or follow-up-voltage work: stations; or both; it has
been: found. that:there: will be small: striations or corona-
appearing: lines, partlcularly at- the neck portions: of: the
coated: envelopes- and. this impairs somewhat the. appear-
ance- of the’ finished lamps.. - Such striation. effects, how-
ever, may- be tolerated: for some. applications: and the
adherence: of the coating: material: to-the. envelopes will
be: enhanced: by the. follow-up. field. as specified, no' mat-
ter' what the polarity of the- electrodes w1th -Tespect to
the conducting envelopes. -

Ini: the embodiment: as. shown: in FIG 3, the metallic
electrode. 86 has: provided: over the lower portion- there-
of a-high-electrical-bréeakdown: coating. 94 which may be
formed: of . quartz,. for.example.  Such: a- coating-is not
required, but. it is: desirable: to: provide. such: a protective
coating. 94.over. the. portions: of the electrode 86: which

. are. proximate. the- neck portion. 48: of the- envelope 50

60
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portion' 52.of the: envelope: 50 provided: the. electrode .

86is. always: spaced. apart: from: the envelope- coating:
The: follow-up: voltage: should: be: applied: between. the

electrode: 86:and: the: conducting: envelope; 50:for- a: total -

: penod of at-least: 0:5 'second: while: the el}ectrode is.mov-
. ing within: the' envelope: - Thiis. minimum: time: for: the: ap-
plxcatxon of the: follow-up: electrostatic: field is: necessary

-in order. to:efable: the:adherence of the: coating: material:

5

when: the: electrode: 86-is. positioned: well: within: the- lamp. -
envelope:. . This ‘tends. to- minimize: somewhat -any. stria-
tlon-appearmg lines” which: are. apt' to: 6ccur- in: the-coat-
ing. proximate the envelope: neck: if a. corona-type: dis-
charge - occurs directly: from. the electrode 86: to. the

- envelope. neck. portion.. 48" for any- appreciable: period

of’ time., The follow-up: voltage. applied. between the

. electrode: 86+ and‘ the conducting surface of the: coated:

envelope: 507 is not  particularly- critical and may. vary
over  a: wide: range-of from: about: 15 kv:. to about 30
kv. for. example,. with:-the. preferred- follow-up: voltage
for a:100-watt-size: envelope being.about 20-kv. When
using: relatively- high: fo_llOw-‘up' voltages: to. produce the
follow-up. electrostatic field; it is-desirable: to provide the-
;lectrode 86 with.the high-electrical-breakdown: coating
4

The 1mproved adherence of the: coating. material- to
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the envelope resulting from the follow-up electrostatic
field is apparently due to a compacting or densification
of the bulk density for the coating material:. In explana-

2,895,463
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" trode 86 is well within the bulbous portion 52 of the

tion, where coating. finely-divided silica, for example,

which- has a true density. of about 2.2, coating-mate-
rial bulk density variations of from 0.042 to 0.094 gram
per cc. have been observed. While a very fluffy. coat-
ing material is desirable from: the standpomt of the light-
scattering properties of the coating, it has been observed
that. where the coating-material bulk-density approaches
the lower end of the observed range, the adherence of
the ceating material to: the envelope may. be unsatisfac-

[~

-envelope. 50, preferably when the -upper portion of the

traveling electrode 86-is proximate the midpoint of the
maximum diameter of the: envelope 50. Such an in-
terrupted follow-up voltage may be effected by a simple
make-and-break ‘arrangément. Of course the .total time

. which the follow-up electrostatic field is applled should

‘10

tory. The foregoing follow-up electrostatic field tends to.

increase somewhat the coating bulk density to:cause the
coating to adhere:better. ~ Even with the follow-up elec-
trostatic field; however, the. coating: bulk  densities, in

the case of the specified silica for example, still riormal- -

ly do not exceed the rnax1mum observed value of 0. 094
" gram per cc.

. The improved adherence charactenstlcs of the coat--

ing material to the envelope are best measured with a°
relatively-strong air blast,. the velocity of which greatly-
exceeds the velocity. of the puff of fill gas which is"

forced through the tubulation during-the gas-fill step .in
the lamp fabrication. In festing silica-coated envelopes
with a high-velocity, controlled air blast; the coated en-
velopes which had no. follow-up voltagﬂ apphed thereto
drsplayed a blow area having a diameter of 1344 inch,
- that is, the diameter of the envelope section from.which
the coating was removcd by the air blast was 1 inchi.
Coated envelopes fabricated at the samie time under the
same conditions, .but compacted with a ‘follow-iip ¢lec-

" trostatic field as specified herembefore, had.a blown area’

with a diameter of only % inch. It is. thus’apparent
that the adherence of the ‘coating inaterial to the -en-
‘velopes is. greatly .improved where the follow -up elec-
- trostatic field is-applied.

While silica has-been’ found to: be the most satrsfac-
tory bulb-coating ‘material, -the foregoing process. and
apparatus-are not limited to.the deposition of silica and

the ‘following ‘materials have been found to be ‘suitable
for deposition with the process and apparatus as illus-

ted and described: alkaline-carth and ‘magnesium stan-

nates, oxrdes, carbonates and silicates; ‘alkaline-earth sul-

fates; zinc oxide; -alurhina; tales; sodium or calcium
. alumino-silicates (zeolitc); ‘and: zrrcomurri silicate. Of
course the foregorn" materials’ should be very finely di-
vided in order to scatter eﬂ?ectwely the light and these
particles should appedr substantially white .under reflect-
ed light in order not to.absorb excessive amounts of

light, at least where.a white- -appearing. lamp is to:be .
produced. The ‘average ultimate " particle s1ze for the
light-scattering material may” vary over.

ﬁnely-d1v1ded
a very. wide range, such as- from about 0.02 micron to

“about 1 ‘micron, for example, and even -this " range may :

be extended if desired. *-

‘It will ‘be recognized that the objects of the inven-
tion have beén achieved by ptovrdmg a method for in-
‘creasing the adherence - of .. electrostatically-deposited,

- »ﬁnely -divided ‘coating material;. preferably “silica, to-the

intérior surface of an envelope such’ as an’ ificandescent

lamp envelope, as well as a method -for eléctrostatically -

depositing such silica material so that.it will have very
.~ good ‘adherence for the énvelope.
been provided an' improved incandescent lamp envelope

electrostatic coating machine for producing [coatings

which are very adherent to the lamp envelopes. )

©  "As-an alternative embodiment, 'the follow-up. electro-
static field may be interrupted during the period the elec-

trode 86 is positioned ‘within the envelope 50.

this will “still result in a travellmg electrostatic field.

" If such an interrupted schedule is to ‘be utilized, the fol-
low-up voltage should be applied at least when the upper

portion of the traveling electrode 86 is proximate the

" neck portion 48 of the envelope 50 and when the elec-

In addition there has ‘

In effect,

30.
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always be at least 0.5 second.
As-a further - embodiment, the method for increasing

-the "adherence -of theé electrostatically-deposited coating’

material-as descubed hereinbefore may be carried out by
‘hand ‘as well as by the apparatus described. As an ex-
ample, thé coated envelope 50 could be removed from

,the electrostatic coating: machine - 10 after the envelope

is ‘indexed’ from -thé coating.work station 38. The enve-
lope could then beplaced by hand onto an. individual
head and the- electrode. manually reciprocated into the
coated .envelope while the follow-up voltage as. required
to. produce ‘the follow-up electrostatic ficld was applied
between the electrode and-the conducting surface of the
envelope. “Thereafter, the coated envelope: could be

__placed back c¢n the machine .10 to be indexed through the

lehrmg and Unloading stations as-indicated.

While the follow-up. electrostatic field should be ap-
plied for a period. of at-I¢ast 0.5 second while the elec-
trode is -travelling or movmg with respect.to the con-
ducting - envelope,. - this -period may: be -extended if de-

- sired. © Also, from the standpoint of equipment design
‘it may be desirable to- have the elecirode pausc when it

is fuily 1ecrprocated within the lamp envelope. During
such pause,-the follow-up electrostauc field may be con-
tinued ‘if desired:

" While in accordance with the patcnt statutes, oue best-
krnown embodiment of ‘the invention has been illustrated

5 and. described in “detail, it is 1o be particularly under-

stood ‘that the mventron 1s -not limited thercto or thereby.

We claim: :

1. The method of mcreasmg the adherence of clectro-
statically-deposited’ finely-divided material to the inierior
surface of a light-transmitting glass envclope having a
neck portion, compnsmg ‘heating the material-coated en-
velope to render it substantially uniformly clectrically
conductive, and -applying for a period of at least 0.5 sec-
ond a travelling high intensity. elcctrostatic field beiween
the envelope surface and locations within said cnvclope
spaced from the material coating, including a location

- bounded .by the neck portron of said-envelope and a

50

location well within the interior -of said envelope, to com-
pact said deposited finely divided material and improve
the adhérence thereof to the interior surface of said

~ glass envelope.

2, The method of “increasing the adhexenf'e of elec-
trostatlcally -deposited finely-divided light-scattering coat-
ing material to the interior surface of a light-transmitting
glass envelope having. a neck portion and a bulbous por-
tion, comprising heating the material-coated envelope to
render it substantially uaiformly electrically conductive,

~and applying for a period of at least 0.5 second a travel-

6O

ling high intensity electrostatic field between the enve-
lope surface and locations within said envelope spaced
from-the material coating and ‘bounded by the neck por-

- tion and ‘the bulbous portion to- compact said deposited

finely divided coating material and improve the adher-

- ence thereof to the lnterror surface of said glass en-

Gi)

velope.

3. The method of mcreasmg the adherence of electro-
statically-deposited finely-divided silica coating material
to the interior surface of an incandescent lamp glass en-
velope having a neck portion and a bulbous portion,
comprising heating. the silica-coated envelope to render
it -substantially uniforimly electrically conductive, and
applying for a period of at least 0.5 second a travelling
high intensity €lectrostatic field between the envelope
surface and locations within said envelope spaced from
the silica’ coating and bounded by the neck portion and
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the bulbous portion to .compactsaid .deposited finely di-

vided coating material :and improve ‘the:adherence thereof
to the ‘interior surface of -said :glass :envelope, B
4. The-method of increasing the adherence of -electro-

statically-deposited finély-divided ‘light-scattering .coating :

. material to-theinterior surface of ‘an-incandescent lamp
glass envelope ‘having :a :neck ‘portion and :a bulbous :por-
tion, comprising 'heating the. material-coated -envelope to
render it ‘substantially whiformly :electrically .conductive,
and-applying for :a period.of at least'0:5 second :a-travel-
ling high intensity :eléctrostatic field between the -enve-

- lope. surface :and "locations ~within ‘said :envelope posi-

- uvned proximate the :envelope.centerline:and -spaced from
the material ‘coating -and ‘bounded by "the neck ;portion
and the bulbous :portion:to. compact :said .deposited finely

divided.coating materidl:and improve the adherence there- -

of to the interior surface ‘of said :glass :envelope.
5. The method :of ‘increasing the adherence .of ¢lectro-

statically-deposited finely-divided light=scattering .coating =~
20

material :to :the ‘interior ;surface ©f :an ‘incandescent Jamp
glass envelope thaving :a meck ;portian :and a bulbous :por-
tion, wherein :the lines :of :force .comprising ‘the .electro-
" static field which -effected -the :material deposition ‘ex-

tended from the interior.of the :envélope:to the «envélope
. surface, .comprising ‘heating the material-coatéd -envélope
- to render. it .sibstantially ‘uniformly electrically .con-

ductive, ‘and -applying for .a :total ‘time .of -at least 05

second :a travelling ‘high :intengity :¢lectrostatic “fiéld “be-

10

of finely-divided .light :scattering ssilica pparticles ofito :the .
interior surface -of .an incandescent :lamp ;glass -envelope

‘having-an.open-neck portion :and.a :ilbous ;portion, com-
prising ‘heating the senvélope ito :render ‘it .substantially

‘auniformly elestrically .conductive, :forcing :a .gaseous me-

‘dium carrying finely-divided light-scattering silica into-
said - conducting :envelope .to :charge ‘at Jleast -a porticn of
the finely-divided :silica .carried within said -envélope, si-

.multaneously :applying :a high :intensity .electrostatic ‘field

‘between :a location -within the 4nterior .of :said -envelope
and ‘the .envélope surface 'so that a substantial -portion

 of :the silica sparticles :carried within said :envelope will

A5

‘be .so :attracted to .and will :coat :theinterior -surface .of
the .envélope :and -so :that :the wuncoated remainder’ of -

-said silica :particles .carried within :said -envelope will be
-carried by :sdid :gaseous :medjum ‘frem said envelope

through ithe :envélope .open:neck portion, thereafter main-

' taining :said .coated -envelope substantially suniformly -elec-

25

tween the envelope -surface -and ‘locations :within :said ‘en- -

velope spaced from the material .coating :and ;bounded by
the neck portion -and. ;the ‘bulbous -portion ‘to ‘compact

30

said :deposited ‘finely :dividéd -coating ‘material -and ‘im-

prove the “adherence thereof ‘to :the ‘interior surface .of
said .glass -envelope, ‘with :the lines :of sforce -comprising

said -applied :field -extending ‘from ‘the ‘locations within -

said .envelope ‘to:the :envelope :sutface. - : )

. 6., The ‘method of ‘increasing :the .adherence “of €lec-
tro”statically-deposited finély-divided -silica -coating -ma-
‘terial to the interior surface :of -an incandescent: lamp .glass
envelope ‘having :a neck :portion ‘and ‘a “bulbous:portion;
wherein. - the lines -of “force :comprising the ' électrostatic
field which. effected ‘the ssilica .deposition -extended from
the interior of the :.envélope’to the ‘envelope surface, com-
prising heating the silica-coated .envélope :to:render-it ‘sub~
stantially “uniformly : electrically -conductive, -and :apply-
ing for a total time ‘of :at ‘least /0.5 'second ‘a travelling
high intensity ‘electrostatic field between :the envelope sur-
face and locations -within -sdid :envelope spaced from the
silica’ coating and ‘bounded by “the neck ‘portion:and the
bulbous -portions ‘to-compact :said-deposited finely:divided

the interior surface .of :said glass-envélope, ‘with ‘the lines
" of force -comprising said applied ‘field extending from
the locations “within said -envelope ‘to “the envelope ' sur-
face. S .
" 7.°The method of increasing ithe adherence of .electro-
statically -deposited finely-divided light-scattering .coating
material to :the .interior :surfaces -of .an .incandescent lamp
glass.envelope ‘having -a meck -portion :and :a “builbous:por-

coating ‘material :and improve ‘the ;adherence thereof ‘to :60

trically. .conductive; :and .applying for-a :period -of :at least
0.5 ssecond :a :travelling -high ‘intensity electrostatic field
between :the -envelope surface :and -Jocations “within -said
envelope :spaced: from the :material :coating:and ‘bounded
by the :meck portion :and ithe ‘bulbous -portion :to .com-

‘pact “said -deposited finely .divided icoating -material “and
.improve the .adherence thereof «toithe interior -surface .of -
:said -glass .envelope. - :

9. :In .combination “with :an :open:necked ;jncandescent
lamp'.glass -envelope ¢lectrostatic - coating machine hav-
ing a:plurality of work stations:including an envelope pre- -

‘heating -station, .an :énvélope «electrostatic -coating :station
.and .a :coated envelope lehring station, together with

means for indexing envelopes from workstationto-work

station ‘in ‘the foregoing work-station - sequence, "the. im-
provement which .comprises :a ‘follow-up-vcltage 'station
following: said envelope -coating ‘station, said -follow-up-

voltage station. .comprising: ra ‘heating ‘means for ‘heating

. the ssurface -of .coated .envelopes -teceived .on station to

45

‘render "same. -substantially :uniformly electrically ~con-

ductive and .to ‘facilitate eléctrical .contact to such:coated

-envelopes, :a reciprocating -¢lectrode -adapted to -move

within ‘coated -envelopes received -on station ‘froma po-
sition proximate the open-necks.of such coated envelopes
to. an-extreme position ‘well within such:coated -envelopes,
electrode timing:means to .control the travel of said elec-

‘trode within coated -envelopes ‘received on ‘station so that

said électrode “moves within such .coated envelopes for
a period of at:least 0.5 second, :means ‘for applying a
unidirectional ‘high-voltage "potential ‘between said -elec-
trode “and ' conducting -envélopes ‘on “station -while said
clectrode is ‘moving within such -envelopes, voltage ‘tim-

. ‘ing ‘means for applying s4id ‘potential ‘between ‘said .elec-

trode .and -conducting .enveélopes -on :station ‘for :at ‘least

0.5 -second -while said -¢lectrode 'is ‘within such conduct-

i ing -envelopes, -including positions proximate the :neck

‘66

tion, ‘wherein “the ‘lines :of force ;comprising ‘the :electro-

static-“field ‘which -effected ;the «material deposition -ex-
tended ‘from ‘the ‘interior :of ithe :envelope 'to ‘the envélope
‘surface, comprising ‘heating:the :coated :envelope to-render
it substantially uniformly electricdlly -conductive, -and :ap-
plying for a total ‘time of .at least ‘0:5 second :a ‘travelling
. high intensity electrostatic ficld ‘between:the envelope. sur-

face ‘and: locations within ‘the :envelope -interior :extend-

ing from.a point :proximate the midpoint :of :the :envélope

neck portion ‘to -a -poirt ‘proximate :the imidpoint of ‘the-

maximum diameter of ithe :envélope ‘bilbous :portion 10
~ compact said :deposited finely divided :coating ‘material
and improve ‘the -adhérence thereof :to ithe :interior ‘sur-
- fact of -said :glass :.envelope, With ithe lines -of force com-
prising -said :applied field :extending :from the locations
within said envelope :to:the :envelope suiface. - s
8. The ‘method :of ¢lectrostatically :depositing ‘a :coating

60

265

70

5

‘portion .of such envelopes .and weéll ‘within ‘such enve-

lopes, means for holding-coated -envelopés in :position on
station, 'and :means for 'indexing coated -envelopes-to -and
from station: .

_10. 'In:comibination ‘with .an open-necked ‘incandescent

‘lamp- glass -envelope -€lectrostatic coating .machine hav-

‘ing -a -pluralityof “work 'stations ‘including.-an -envélope .

_pre'héat_in_g station, 'an -env¢lope -electrostatic coating ‘sta-
~tion :and :a-coated-envelope ‘lehring station, together ‘with |

‘means.for indexing :envelopes from work 'station -to work
station in.the foregoing ‘work:station seéquence, ‘the im-
‘provement -which -comprises :a follow-up-voltage station
following :said envélope ‘coating ‘station, said follow-up-
voltage 'station .comprising: .gas-air ‘burner ‘heating ‘means
for ‘heating 'the 'surface ‘of -coated -envelopes received .on
station :to rerider :same -substantislly uniformly electri-
cally’ .conductive - and -to ‘facilitate -electrical .contact -to-

‘such coated:envelopes, :a -reciprocating -electrode .adapted

to:move.within .each coated .envelope 'received :on :station

from.aposition:proximate the midpoint .of the :open necks
‘of :such :coated -envelopes 1o :an :extreme :position :p;oxi-
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mate the midpoint of the maximum diameter of such
coated envelopes electrode ‘timing means to control the
travel of said electrode within coatéed ‘envelopes received
on station so. that said electrode moves within such
coated envelopes for -a-period of ‘at least 0.5 second,
means for applying a unidirectional high-voltazé poten-

tial - between said electrode and the: conductmg envelopes -
on . station while said electrode - is movmg ‘within such-
envelopes with the lines of:force comprising the result- .

“ing -electrostatic field extending’ from said electrode to
such.conducting envelopes; voltage timing nieans for ap-

'plymg said potentlal between said . electrode’ and con-

ducting envelopes on station.for at least 0.5 second while
said electrode is positioned. within such conducting en-
velopes and traverses a path defined by electrode posx-
tions proximate the neck of such envelopes and’ proxi-
mate the midpoint of the maximum diameter of ‘such

10

12 -

‘envelopes, means for holding -coated envelopes received

on station in position on station and for effecting a rota-
tion ‘between such coated envelopes and said statxonary
gas-mr burner heating means when said electrode is mov-
ing within such coated envelopes and voltage is applied
thereto, 'and means for indexing coated envelopes.to and
from station.

12, In combination with an open-necked incandescent
lamp. glass envelope electrostatic coating machine having
a plurality of work stations including an envelope pre-
heating station, an envelope électrostatic coating station -

.and a coated envelope lehring station, together with means

for indexing envelopes from work station to work station

~in the foregomg work-station sequence, the 1mprovement

18

coated envelopes, means for holding coated envelopcs in ¢

position on station and for effectmg a rotation between

such coated envelopes -and said gas-aii- burner ‘heatinig’

&
means when said electrode is moving within such coated

envelopes and Voltage.is applied thereto, and means for
indexing coated envelopes to and from station.

11. In combination with an’open-necked incandescent

lamp glass envelope electrostatic coating machine having
a plurality of work:stations: including ‘an-envelope pre-

heating station, an envelope electrostatic coating station .

and a-coated envelope lehring station, together with means

20

25°

for indexing envelopes from work station to work station

“in the foregomg work-station sequence, the improvement
which comprises a follow-up-voltage station . following
said envelope coating statior, said follow-up-voltage: sta-
tion comprising: stationary gas-air burner. heating means
for heating the surface.of coated envelopes received -on

station to render same substantially uniformly electrically

conducnve and to facilitate electrical ‘contact to such
odted enivelopes, -a reciprocating “electrode ,adapted to

move within:-each of the coated ‘envelopes teceived om E
station from_ a position, proximate the midpoint. of the

open necks of isuch- coated envelopes. to-an_extreme . posi-

tion well -‘Within such coated -énvelopes, a’ h1gh-electncal-'

breakdowr coating - provided ‘over. the .portions of *said

30

which ‘comprises a follow-up-voltage station comprising

-at léast one follow-up-voltage position following said

envelope coatmg station, each said follow-up-voltage posi-

"tion comprising: a heating means for. heating the surface

of received coated envelopes to render same substantially
uniformly electrically conductive and to facilitate elec-

trical contact to such coated.envelopes, reciprocating elec-

irode means adapted to project within each received
coated envelope from a position proximate the midpoint
of the open necks of such ‘coated envelopes to an ex-
treme position well within-such coated envelopes, timing
means to control the travel of said electrode means within
received coated envelopes from a_position proximate the
midpoint of the open necks. of such coated envelopes to
an_extreme position well within such coated envelopes,
tlmmg means to control the .travel of said electrode
means within received coated. envelopes, so that said elec-
trode ‘means moves w1th1n ‘'suich coated envelopes for a

" period of ‘at least”0:5 second, means for applying a uni-
- directional hlgh-voltage potential betweén said électrode

40

electrode whichsare adjacent the necks of coated envelopes

reéceived on station, when said electrode is ‘projected: well

‘within-such coated envelopes, electrode timing means to

control the travel of: said- 'electrode within' coated en-
velopes received on station so that said electrode moves
within ‘such coated envelopes for a period of at least

"1).5 second, means. for applying a unidirectional high-volt+
age potentlal ‘between said electrode “and conductmg :

coated envélopes on. station while said electrode is mov-
mg within such envelopes, voltage timing means for apply-
‘ing. said potential between said electrode and conducting
’ vxvelopes on station for at least 0.5 second while said
cizctrode is positioned within such conducting: envelopes
and traverses a path defined by electrode positions- proxi-

mate the necks of such envelopes and- well- thhm such .

55
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means and received conductmg envelopes while said elec-
trode _means is moving within :such envelopes, voltage- -

"tirhing - means for: applying said" potential between said
- electrode means and received conducting envelopes for at

teast 0.5 sécond while said electrode ‘means is positioned
within such: conductmg envelopes and’ traverses ‘a path
defined by electrode positions proximate the necks of such
envelopes and well within such envelopes means for hold-
mg received coated envelopes in position and for effect-
ing ‘a rotation betwéen such coated envelopes and- said
heatmg means when said electrode means is'moving with-
in"such coated’ envelopes and - voltage is applied. thereto,

_and means for indexing coated envelopes to and from
“the individual follow-up-voltage positions comprising said
‘follow—up-voltage station-and to and from said follow-up-
»voltage statxon .
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