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- press is sealed to.the neck portion.
“velope is evacuated -and filled with an ‘inert gas which is
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tric Corporation, East Plttsburgh Pa., a corperatlnn of -

Pennsylvama S
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ThlS invention relates to a methed and apparatus for

- coating envelopes and, ‘more particularly, to a:method

and apparatus for improving the adherence of electro- |
“statically-deposited, hght—seattenng coatmg materlala to

- mcandeseent lamp envelopes. - -
- Incandescent lamp . envelopes are desxrably prewded

10

R 995 463
Patented Aug. 8, 1_[_9__61._ .

z

It is an addtttonal eb]eet to prewde an 1mpreved incan-

' descent. lamp envelope electrestattc coating. apparatus for

producmg lamp envelopes with very-adherent -coatings.
~ The aforesaid objects of the invention, and other ob-

]ecte ‘which will become apparent as the description pro- -
- ceeds, are achieved by prowdtng a follow-up, travelling, -
| electrestattc field for a minimum speelﬁed time to the

coated envelope, which follow-up field increases the ad- |
herence of the electrostatteally-depesned finely-divided -

coating material to the interior surface of the envelope. .

~Also provided is an improved apparatus which incorpo-

15

. wnh a coating on the inner envelope surface, which coat-

. ing normally comprises ‘a finely-divided, - hght-scattermg

" coating material which provides the lamp, when incan-

desced, with a very éven appearanee The most-com-

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 Ceattng Machine, for Incandescent Lamp

rates a follow-up-voltage station wherein a travelling, fol- |
- low-up electrostatic field is applied between the envelt)pe S
surface ‘and an electrode which reczprocates mte the m— o

terior of the envelope. S
For a better understandmg ef the lnventlon reference '

should be had to the accompanying drawmgs where

FIG, 1 is a diagrammatic plan view of the nn.proved :

G eleetrostattc coating apparatus;

e mnnly—used enatmg material is ﬁnely-dmded silica-and an __
- -electrostatic apparatus for depositing such.material ontp

26

Envelcr-pes " by LOpenskl Melster and  Wiino, . of Wthh |

" owned by the present asmgnee | L
~ When light-scattering materlals sueh as sﬂtea, are de-_

30

: p051ted by the electrostatic ‘apparatus . descrthed in this .
aforementioned copending apphcatton troubles are some-

- times encountered with respect to suﬁ'iment adherence of
~ the coated silica to the envelope.
1is quite satisfactory, but the margin of safety between
eattsfaetery" and “unsatisfactory” adherence is not as
- great-as desired, with the result that shght nnaadjusnnents- |
- of the equipment. may resilt in: coatings which are not
- -.sattafactery 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-

Nerm-ally the adherence -

35

40:

- tion, after the envelope has been coated,.d reentrant stem -

- inserted threugh a tubulation Wh.lch opens into-the lamp

Thereafter the en- -
4D

envelope -at.a location proximate the envelope neck. |
- With a poorly-adherént coating, the puff of fill gas: which .

~ emanates from the tubulation into the envelope has a

tendency to blow off a Small area of the coated, light- 50

- scattering material. These. so-called “blow-off areas” are
. deleterious to the appearance of -the’ completed - lamp

. Also, the presence of “blow-off dreas” in the neck por- -
~ tion of the. envelepes is ‘indicative that the general ad- -
- herence of the coating to the envelepe may be unsatis- 5:

It is thus desirable to insure that. the adherence

... .of the llght-seattermg, envelope coating . materidl is al-

o ‘:-ways satlsfaetory even though sltght mtsadjustments of:'ﬁ

faetory

. the. cea’ung equipment may occur,
- It is the general ‘object of : this mventmn to prevtde a

surface of an envelope.

| It is a further object to prewde a method sfor mcreaemg_ '.
o the adherence of electrestattcally-depesned finely-di-..
- vided, light-scattering coating material, preferably silica,
. "te the interior surface of an meandescent lamp envelope.
-~ Tt is another object to prevtde a method: for electro-
L statleally depositing a coating of finely-divided, hght-scat- o
. tering silica particles onto the interior surface of an- in-
" candescent lamp envelope so that the depesnted elhea wxll |

o 'have very geod adherence to the envelope

- FIG. 2 is an elevational view, partly in sectten taken at
‘the first ceatmg position shown in FIG. 1: B
FIG. 3 is an elevational view, partly in seetton taken .

- at the first fellew-up—veltage position shown in FIG. 1. @ -
- While the method and apparatus described hereinafter

are useful for increasing the adherence of eleetrestattcally-_ .

. deposned ﬁnely divided coating material to the interier ...
‘surface of any type of envelope, they are pa.rtteularly"_ o
“useful for improving the adherence of such material, and - . .
particularly silica, to the intérior surface of 1ncandescent

lamp envelopes and- hence they have been SO 1llustratec1-‘ -.

l_ and will be so described.

With: spec1ﬁc reference to ‘the ferm of the mvennon

1 1llustrated in the drawings, in FIG. 1 is shown in dtagram- L

- matic form an .electrostatic coating machine 10. This
machine and the 0perat10n thereof may be 1dent1eal 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, descrtbed in

- detail hereinafter, has been added. The eleetrestatle coat-
ing machine 10 generally eempnses a stationary table 12 © -
‘having mounted thereon an indexing conveyor unit 14,
‘which conveyor carries a ‘plurality of bulb-receiving and .
bulb-retalmng heads 16 through a plurality of work sta-:
‘tions, ds .described: hereinafter.
_heads 16 are adapted to be. indexed sequentially between

These conveyor-carried -

each of the individual positions located about the table 12 |

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

‘In the embodiment as shown, there are thirty
such positions. Indexing is aceemphshed 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 about the table 12. The drwtng 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-earrymg por-

- tion of each.of the individual heads 16 is adapted to ‘be R
~rotated with respect to the table 12 and this rotation is
~ accomplished by a motor drive 28 which connects to the -
) 60
E.-method for increasing the adherence of electrostatically-

- deposited, finely-divided: ceatmg matenal to the mtener .

individual heads 16 by a belt 30 to effect a rotation of
the lamp—envelnpe-carrymg portion of the heads 16, =
‘In the operation of the -electrostatic coating machine,

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

‘either by hand or by an automatic transfer mechanism,
such as are commonly used.. Thereafter, the unceated- o
envelopes ‘are indexed through a preheattng work station

~'34, which may comprise three positions for example.

70

- _.where they are heated by gas-au' 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 umfermly electrically conduc-
o ttve

In explanatlon it 1s well known that glass has



. operation.

- manufacture;

o ;9.,.6.;9.5,463 '

a negative temperature ceefﬁment ef resmtanee and that-' "

heating glass ‘will cause it to become: relatively electrically
‘As a specific:. example, ‘for a soda-lime-

conductive.

silica type glasq a preheating temperature of 100°. C.
-is quite satisfactory to cause the. envelopes - to become

o substantlally ‘uniformly eleetrleally conductive for the

intended purposes. This preheating ternperdture may. be

. L

. - . .

. ' - .
4
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'..ﬂnely-dmded hght-seattermg materlal fer ceatmg the

- interior of the incandescent lamp - envelepes

() BN

A high-voltage, direct-current supply is cennected be-

~tween the electrically-conducting nozzle conduit 76 -and
‘the gas-air ‘burners 81, which are positioned at the coat- -

" ing ‘work  station 38 to fmaintain. the envelopes 50-in a

varied over a wide range if desired, as the degree of pre-

heatmg is not critical. $ir
~are rotated at the preheatmg werk station 34 w1th Te-

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, utihzmg an mfr'ared heatmg tun- -

nel where rotation of the emelepes with respect to the
table 12 could be ehmm_ated “Thereafter the preheated

envelopes. are mdexed through the coating work’ station -
38, which may eemprlse two pemtmns for example and

---through the feIlew-up-veltage ‘work station 40, ‘which

may comprise two pesitions for example The: envelepes

are- then indexed through the. lehring work station” 42,
‘At

-~ which may comprise seven positions- for ‘example.

. the lehrmg work -station 42, substanually all residual -

. moisture is removed from: the eoated envelopes. by means

ously. blowing hot, dry air through the interior of .the &
- - After:: lehrmg, the coated -envelopes
- are indexed to the unloading station .44 where they may.:
be inloaded BIthEI’ by hand; or by ‘conventional automatic -
If - desired; : the preheat, ‘coating

30

coated envelopes..

 -transfer mechanlsm
“and lehrmg stations may’ ‘be. 1dent1eal w:th those ‘as de-
scribed ‘in the aferementlened Patent No, 2,811,131. A

~head ‘16, ‘when -indexed  to .one position ef the - eeatmg':-'
~ work station 38, is shewn 1n. elevatmnal view in FIG. 2.

Each head 16 ‘may: be identical and generally COHIPI‘ISGS
a hollow chuck 46 made of ‘a‘refractory material such as

o -spect to the table 12. Eaeh of the-heads: 16 is hinged

together through an _extension 58 of the journal Bearing
56 to form the eonveyer 14 and in FIG. 2 these exten-

~ sions 58 have been shown offset from their actual -posi- |
- tioning for purpases - of ‘illustration. -
nects to the bearing 54 to ceeperate with belt 38 to facili- .
~ tate retatlen of the lava chuck 46 withrespect to the
table 12. A blow:-back manlfeld 62 is provided at the

A pulley 60 con-

coating station 38 for the purpose of blowing undéposited

coating material from the supply conduits and aforemen-

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

- As each envelepe -CaITying head " 16 is. indexed to. the
'-ceatmg station 38, the coating lift cam 64 (see. FIG. 1)
actuates a push red 66 which connects to a guided recip-

- rocating bar 68 and which in.turn connects to the 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 into smeke-delwenng po-
© - sition within the head-carried envelope 50. The nezzle

- and return-conduit "assembly 70 generally eemprlses a
~ hollow, eyhndneal return conduit 72 which is fabncated

_of non-conducting. material such as porcelain, for ex- _
~ample,. and which connects .to a flexible, pewder-blew- a
“The "nozzle feed conduit ‘76 is co-
- axially positioned within the return conduit 72 and is |
| ffabncated of electneally cenductmg material such as
- brass.
76 terminates in a smeke-d:ﬁuqmg orifice or hozzle 78

back condmt 74.

The upper ‘portion -of the nozzle feed conduit

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. unit

- (not shown) which is adapted to generate a smoke of

‘heated condition and to facilitate electrical contact to the
--i-,envelepes by virtue of the ionized nature of the gas
flame.: |
D.C. potertial is connected to the nozzle conduit 76 with

Preferably the negative side: of the high-voltage

the other side of the high-voltage. D:C. supply bemg |
connected to the gas-air burners 81, one of which is pro- -

- vided at each pe:-nuen of the coating station 38. Prefer-
ably the gas-air burners are grounded 10 minimize shock
hazard:. The: D.C. supply may be either pulsiting or

~ steady mth respect 1o voltage but from the standpoint
of economy it is desirable to use a pulsatmg high-voltage,
“direct-current supply which may be variable from about
-8 to about 25 kilovolts, for examp]e
of a pulsatmg D.C. voltage, the resulting integrated elec-
- trostatic: field will be unidirectional.
'-ample for an envelepe designed- for a 100 watt Iamp,

~“Even 1n -the case

As a specific ex-

- the D.C, voltage ‘may be 15 kilovolts.
of an infrared-heated lehrmg tunnel 43, while simultane-

When the nozzle 78 is recxpreeated into smoke-deliver-

: -mg pesﬂmn w1th1n the envelope 50, a gaseous medium

- -such as air, carrying .a smoke of- finely-divided, light-scat--

tering materlal such as silica, is forced from the smoke
_generator (not shown) threugh the flexible feed conduit
- -80, into the nozzle feed conduit 76 and through the nozzle
78.
| whght-—scattermg material - and SImu}taneeusly the high-
- voltage D.C. is apphed between the nozzle feed conduit
76 ‘and the gas-air burner 81. This causes a strong

_This charges at least a portion of the finely-divided,

" electrostatic field to be set up hetween the ‘conducting

99
~ fava and conforméd to receive ‘the -neck’ portion- 48 of |
- the envelepe 50 to retain same threugheut the" coating -
Each envelepe 50 is generally symmetl ical .
~ and comprises.‘a bulbeus portion 52 terminating -in the
“neck.portion 48 which is open at this state of the lamp-
) “The ‘chuck 46 of each head 16 is secured -
 to'a’‘imetal’ bearmg 54 which rides withifi-a ]eurnal bear-
ing 56 to facilitate rotation ‘of the lava chuck 46 with. re-

nozzle 78 and electrode 79 positioned ‘with the interior

-of ‘the .envelope 50 and  the- electrieally-cerductmg sur-
face of the envelope 50 and ‘a substantial pertlen of the
- finely-divided material which ‘forms the smoke is directed

- to the envelepe wall -where it adheres."
40

In the case of

silica, it has been found that apprommately 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
 from the envelope 50, through the smoke-return conduit

72 and through the blow-back tube 74, where the unde-
pes:ted smoke may be collected’ for further use.

After

- the nozzle has been in smeke-delwermg position for one
~ second, for example the 1ift cam -64- has rotated suffi-
c1ently that the return- eendmt and nozzle assembly 70

is retracted from its pes:txen 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 pOSItlgns have been provided _for_ applying
the llght-dlffusmg coating to the envelopes.
tice, it is often desirablé to use only one of the individiial

In prac-

ceatmg positions and in such case, the unused coating po-

.- sition is not actuated durmg the coating operat:en Thus

the coating work station 38 may: be eemprtse .one or more

individual similar positions; if desired.

In order that the’ coating :material will: be depes:ted in

_,_;a -uniform manner on the énvelope 50, it is necessary to
. effect a rotation between the nozzle 78 and the envelope
50 while the smoke is blown into the envelepe and while

- the electrostatic field 'is apphed to cause a substantial

65

70

‘portion of the material cempnsmg the smoke to deposit
on the envelope. This is desirably accomplished by ro-
tating the envelope 50 durrng coating with respect to the
table 12 and with respect to the gas-air burner 81.
~ the envelope 50 is substantially -'-_unifermly electrically

Since

conductive, the electrostatic field which is epphed from

the electrode to the. surface ef the emretope is even]y dis-
~ tributed.

After the envelepes ‘have been ceated the envelope-

" carrying heads 16 are indexed to the follow-u p-voltage

7%

work statlen 40, one position of whlch is shown in detail



~ velopes..

L _.-""'erably

o velope: 50"

- ing within: the envelope:.

”'-_m FIG 3 A fc]lcw-up-voltage Ilft cam: 82 (see FIG
1) actuates a push: rod- 83 which connects to a- recipro- -

cating: bar :84-and : which: in turn connects: to.a guided:

‘electrode 86.

~ coated envelope 50, Simultaneous. with reciprocation of
the electrode 86-into" the envelope, a- high-voltage: D.C.,

~ which may be similar:to, or slightly . greater- than: that--
. used in the initial coating, is: applied. between the: moving -
- electrode 86 and the: cenductrng surfaces of the envelope
‘50 by means of the.gas-air- burners 88, one of which

" is provided"at: each’ pesrﬁen of the: follow-up-voltage sta- -

. tion 40" to maintain-the. envelopes at this ‘work station

| An. upward. movement' of the push rod:
- 83 causes the electrede 86 to be recrpreceted within the

2 995,463

- . ' - .- ) .
1 M B
+ .

10. the enev]epe to be rmproved to the. requu‘ed degree

. - -Proper: timing of the. applied  follow-<up. voltage may be
accomplished: by. applying the voltage between the: elec-

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

5

. _up voltage.

10

. substantially uniformly electrically = conducting: and to

 facilitate- electrical -contact: to- the surfacés’ of: the en-
| Diring. the: spphcatlcn of.the: electrestatlc field
" and while the: electrode 86 travels. wrthm the- envelupe 50;

the envelope 1S rctated wrth respect to ‘the. stationary

- gas-air burner: 88 in-order to maintain same substantial-

-1y uniformly. electrrcally conductrve so: that. the electro-
" static field which:is applled 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 cf retatten may be varled censrd—

15

‘which:case the electrode- lift:cam 82 will serve as a tim-
ing:means: for ccntrelhug the application of the- follow-

It is: desirable; however, to provide an ad-
~ ditional: follcw-up-vcltage tlmrng means, so that: the fol- =
- Jow-up- veltage iswapplied: 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. envelope 50. ;
Such ‘additional voltage:timing. means: may be. simple
make-and-break. centact 90 actuated by a-cam. 92 on the_l'

- cam-shaft 26.

20 |
. use: only one of the individual -follow-up voltage positions -

- and-in such case; the unused follow-up-voltage position

. may be disconnected..  Of course; more than two-follow-
‘up-voltage - positions: could: be used if desired. Whether

‘the follow-up: voltage: is: applred at. one or more work -

: Alternately, the envelepe 50 ceuld be held statlcnary' .
~if desired and:the gas-air’ ‘burner. rotated: thereabout. dur-

- . ing the: appllcatmn of" the: fellow—up electrostatrc field:
- .in order: to achieve the same effects..
- burner arrangements -are freéquently: used in the:. lamp----
Also;. the envelope and gas-air

.. burner could. be - held. statrenary with:respect: to- one. an-

- other- durrng the application. of: the follow:up: electre-—'
. static field. Such an: embodiment;. however, would nor-. -
~ mally necessitate: an: ‘encirclifig-type- of ‘gas-air heater so-

) _maklug-equlpment art.

' Rotating: gas-air
30

that:the surfaces of the: envelope- would: be: substantially

. uniformly ‘heated andiso- that the: fcllew-—up electrcstetrc .
~field would be evenly distributed:: -
. The electrode 86 desrrably is: recrprccated 1nte the en-
I _velcpe 50 with-an: even: metren and: the follow- -up élec-
. trostati¢ field- desirably is apphed between the electrode
. 86 and the conducting envelope: 50’ for the entire period .
- thta, any part of' the-electrode 86 is" moving  within the
. -'enevlope 50: The electrostatic: field applied: between the:
~ electrode 86 and the substantlaly umformly electrically
- conductive: euve]cpe 50'is actually moving or travelling

In the. dragrammattc wew shcwn in FIG. 1, the fcllew-; o

up-voltage station: 40 has: been shown' as comprising. two
individual positions... In practice; it is-often-desirable to

pesrttuns on: the: appsratus the. total time for which the
voltage: is--applied: m the manner as lndcated sheuld be

~at least-0.5 second:

“In: the. preferred embedrment as. descrlbed heretnbe-,

-_ fore, the electrostatic: ﬁelds are applied: in: such: a. man-~ - |

ner that: thetr direction: is. from' the. interior of: the. en- |

“velopes: to- the envelope- ‘'surfaces, that is, the negative
| pctenttal is- applied- to- the -electrodes- at: both the coat- R
" ing: work station 38 and: the follow-up-voltage work sta-

5 tion:40 and a ground. petenttel is: applied. to the envelope
‘surfaces  through:  the:" conducting gas -

flames.:
causes. the: electrostatic fields to- be- directed: from loca-.

~ tions within; th¢ - interior of the envelopes to. the surface
-of. the: envelopes: and this. is: desired. in order to achieve

the . best: coating..
- with: respect. to the- envelope surfaces, at either the coat- -

“If ‘the electrodes. are. made positive

~ ing. or follow-up-voltage work' stations, or both, it has

~ been found. that: there: will be small striations or corona--

- appearing lines, partlculerly at: the neck portions of: the

in nature since. .the: electrode: and. conductive envelope

| have a . relative: motion:. therebetween
electrestatlc field will' normally vary: somewhat in intensity

- since the spacing between: the: uppermost: pertton of the
electrode and:the envelope: surface will vary-as the-elec-
" trode is moved within-the interior of the envelope.
“- variations in: field intensity’ are not: objectionable.. |

““the travelling: electrostatic: field' is. dctually’ apphed be-

- tween: the: surface: of the: envelope: 50° and: a plurality of
locations which are: within: the: envelope;. preferably ex-

-The: travelling

i SEN

50
the conducting envelopes. . |
In: the embodiment: as. shewn in: FIG 3, the metalhc -
‘electrcde 86 has. provrded over. the lower portion- there-

Such{,h |
“Thus

. formed. of quertz for .example.

5. coated: envelopes and this impairs  somewhat: the.appear-
~ance of the' finished lamps. -
‘ever, may be tolerated: for some. eppltcaticns and. the
'edherence of the ceetmg material: to-the envelopes will
‘be: enhanced: by the follow-up:field as specified, no'mat- -

Such: striation. effects; how-

ter what the pclarrty of: the electrcdes wrth respect to

of a: hrgh-electrtcal breakdown: ceetrng 94 which may be.
Such: a: coating is not

- required, but. it is- desirable; to: provide -such: a. protective

- tending from a: location: proximate the mid-point of the

| ‘em’elcpe neck. portion: 48 to:.a. location- ‘proximate the:
maximum. diameter of the: bulbcus portion:52"of the en-
In the; preferred embodiment: as:illustrated,
- the electiode: traverses the: center' line' of ‘the: envelepe -
- The electrode may- be offset: slightly; if desired; although

- care should' be taken:so: that: the: electrode does not con-

. tact- the envelope: coating or: it: will tend to knock- eff_"

~_coating: material.. Also; the: electrode. 86 may be. recip-

~rocated: to: an' extreme . pusttren well: within: the coated
~ envelope: 50, even: approaching. the: uppermcst bulbous

B pcrtrcn 52..0of the: envelope 50;. ‘provided:the electrode_' 1

. 86 is always: spaced. apart: from: the envelope: coating:
. The follow-up:voltage  should: be applied: between. the:
o electrede 86:and the conducting; envelope; 50:for a: total -
T pertcd of at least 0;S second while: the: electrode is.‘'mov-
» 'This minimum. time for. the. ap-
S -phcatreu of the: fullew-up electrostatic. field is- necessary -

T -in crder to, enable the edherence cf the ccatmg material.

- for a  100-watt-size envelope being. about 20 kv:

coating: 94. over. the portions: .of the electrode 86: which -
. are: proximate: the. neck portion. 48: of the: euvelope 50
- When: the electrede 86 is. pcsrtloned well. wrthm the lamp S

60. e L
| _tten-appearmg lmes Wthh are apt te eccur 111 the coat—

- ing_proximate the envelcpe neck. if a
charge. occurs  directly- from the: electrcde 86: to. the
- envelepe neck. portion..48 for any appreciable period
65
. electrode: 86 and' the conducting surface of the coated
| enveIOpe 50 is  not- particularly- critical and may, vary

a: corona-type: dis-

of' time.. The- follow-up voltage- applied.® between the

over a; wide range- of from: about 15 kv. to about 30 -

kv...for example, with the preferred follow-up: voltage
When:

~using relatively high: fellcw-up voltages: to produce - the -

75

follow-up- electrostatic field, it is desirable to provide the-

N electrcde 36 mth the htgh~e1ectrlca1 breakdcwn coatmg.__
| 9 4 | _

The unproved adherence of the coaung matertal 10

This - o



" tory bulb-coating ‘material,

the envelope resultmg from the follow-up electrostatlc

field is apparently due to a compaetlng or ‘densification

of the bulk density for the coating material.
tion, where coating finely-divided silica, for example,

. Wthh has a: true den51ty 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 frém 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 coating material to- the. envelope may. be unsatisfac-

. 2,995,433__

b |

" trode 86 is well mthm the bulbous portion 52 of the
- envelope. 50, preferably when the. upper portion of the

In explana-

e

| _travellng 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 -arrangement.

Of course the .total time

- which the follow-up electrostatie ﬁeld IS apphed should

1’0

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 spec:ﬁed silica for example, still normal-

ly do not exceed the mammum observed value of 0 094 -

gram per cc.

. The lmproired adherence characterlstlos of the coat-~___
~ ing. material to thé envelope are best measured with a
'relatwely-stlong air blast, the velocity of which greatly-

always be at least 0.5 second.
~As-a further - embodiment, the method {or Increasing

the "adherenice -of the electrostatleally-depomted coating’
‘material.as described hereinbefore may be carried out by .
~hand ‘as well as by the apparatus described. As an ex-

ample the coated. envelope 50 could be removed from

,_the electrostatic coating machine 10 after the cnvelope

is indexed from thé coating W(}Ik station: 38 The enve-

lope could then be- placed 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 field was applied

‘between the electrode and ‘the conducting surface of the
_- envelope

“Thereafter, the coated envelope - could be

- placed -back ¢n the machine 10 to be indexed through the

exceeds the velocity .of the puff of fill gas which is -
forced through the tubulation durmg the gas-fill step in

the lamp fabrication.

dlSplayed a blow area having a diameter of

- the coating wus removcd by the air blast W as 1M inch.

In testing sﬂma—cooted envelopes .
. with a high-velocity, controlléd air blast, the coated en- -
~ velopes which had no follow~uP voltage applled thereto
%{, mch |
. that is, the diameter of the envelope section from.which. =
~ Coated envelopes fabrlcated at the same time under the

~ same conditions, but compacted wifh a follow-up elec: -

. flehrmg and inloading stations as-indicated.

‘While the follow=up . e]ectrostatrc field shouid be ap-

5 phed for a period. of at least 0.5 second Whl]C the clec-

trode is- tra.vellmg OF mowng with respect. to ‘the: con-
ductmg envelope, this period may be extended if de-

- sired. - Also, from the standpoint of equipment design

- trostatic field as specified herelnbefore, had .a blown area

- with a diameter of. only %g. inch.

It is thus’ apparent

 that the adherenceé of -the ‘coating maferial to the en- "33

‘velopes is. greatly 1mproved where the foIlow-up elec- |

,tl ostatic field is- applied.-

‘While silica has-been’ found to be the most satlsfac-' .
‘the foregoing process. and
apparatus are not limited to. the deposition of silica and

‘the following ‘materials hove been found to be. ‘suitable

-for deposition with the process and apparatus as illus-

it may be desu'able to- have the electrode pausc when it
is fully’ 1ee1procated within the lamp envelope.
- such pause, the fGIlOW-lJp eleetrostahc ﬁeld may be con-
'unued if desired: ' '

During

While in accordance wnh the patent btal'ltES otc best-
known embodiment of ‘the invention has been illustrated
and. dﬂoCI‘led in detall, it: is to be particularly under-

- stood. that the mventlon 15 not llmlted lheieto or thereby.

-~ We claim: | - -
‘1. The method of 1ncreasmg the adherenee of clectro-

StﬁthdHy deposited finely-divided material to the inierior
4€

surface of a- light- tlransrmttm'ﬂr glass envelope having a

neck portlon compnsmg ‘heating the material-coated en-

" velope to render it suostantially uniformly electrically -

ied and described: alkaline-carth and magnesium stan-

nates, oxides, carbonates and silicates: alkaline-earth sul-
- fates;
" alumino-silicates (Zeolite); - ‘and.zirconium silicate.
course the foregomg materials should be very ﬁnely di-

zinc oxide;" alumma, talcs; sodmrn or ‘calcium

vided in order to scatter eﬂzectwely the light and these

Ot

conductive, and applylng for a period of at least 0.5 sec-

 ond a travelling high intensity elcctrostatic field between

"j '3

particles should appear substantially white under reflect-

~ed ‘light 1 order . not to. absorb excessive amounts of ?

light, at least where a whtte appearlng lamp is to: be .

produced. The average ultimate particle size for the
' 11ght—seattermﬂr material may" vary over.

ﬁnely—dmded
‘a very. wide range, such as: from about 0.02 micron to

“about 1 micron, for examp]e, and even this range may'

be extended if desired. =
It will be recogmzed that the Gb]BCtS of the mven-

the
- glass envelope.

the envelope surface and locations within said cnvclope
spaced from the material coating, including a location

- bounded by the neck portion of said envelope and a
_locauon well within the interior of said envelope, to com-

pact said deposned finely dmded material and improve
dherence thereol to lhe ‘Interior surface of said

2. The methotl of Increasing ‘the adhelenee of clec-

| trostatloally-depom ed ﬁnely-dw'ded lisht-scattering coat-

- ing material to the interior surface of a light-transmitting

't'.:t-
S |

. tlon have beén achieved by plowdmg a method for in-
- ling high intensity electrostatic field between the enve-

B creasing the: adherence - of . electrostatleally-depomted

-~ finely-divided coating’ material,. preferably silica; to “the

6o

- intérior surface of an envelope such as an- iitcandescent .

lamp envelope, as well as a. method ‘for- eleetrostatlcally

~ ‘depositing such silica material so that.it will have very

- good. adhetence for the énvelope. In addition there has
been prowded an 1mproved mcandeecent lamp envelope

~glass envelope havmg a neck portion and a bulbous por-

tion, comprising heating the material-coated envelope to

‘render it substantially umformly electrically conductive,
-and applying for a period of at least 0.5 second a travel-

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 lnterzor surface ‘of said glass en-

Go

electrostatic - coating machine for producing coatings

 which are very adherent to the larnp envelopes.
~As-an alternative embodiment, ‘the follow-up. eleetio—

static field may be mterrupted during the period the elec-

trode 86 is positioned within the envelope 50.
this wﬂI still result in & travelhng electrostatic field.

o * 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 pOI’thH 48 of the envelope o0 and when the elec:-_

.. LS
: T -
R

In effect,”

‘velope.

3. The method of mcreasmg the adherence of electro-

-statnea]ly-depos:ted finely-divided silica coating material
~ to the interior surface of an incandescent lamp glass en-

velope hawng a neck portion and a bulbous portion,
comprising heating. the silica-coated envelope to render

-it substantially uniformly electrically conductive, and

applying for. a period of at least 0.5 second a travelling
high intensity electrostatic field between the envelope

surface and locations within said envelope spaced from
“the silica coating and bounded by the neck portion and



the bulbeus portren to. compact said .deposited ﬁnely di-

vided coating material :and:improve the:adherence thereof
- to the ‘interior surface .of -said ‘glass’ .envelope. :

4. The-method .of increasing ‘the-adherence of electre-"'

,' statrcally-depesrted finely-divided lrght-scattenng coating

.:2;99&403 .
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-ef ﬁnely-drvxded hght scattermg silica. partreles ofito the
. interior. surface of -an incandescent .lamp glass .envelope
| -“havmg an-open:neck portion :and:a bilbous portion,.com- .

~ prising ‘heating the -envélope :to :render ‘it .substantially

. material to the interior 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 niformly :electrically .conductive,
and applying for:a period iof at least '0:5 second a travel-
- ling high intensity :electrostatic field between ‘the enve-

- lope. surface ‘and ‘locations “within “said .envelope posi-
- uwned proximate the envelope. centerline .and. spaced from.

the material coating -and ‘bounded ‘by the mneck ‘portion
and the bulbous :portion:to. eempact said .deposited finely

‘10

~uniformly - electrleally conductive, fercmg a;gaseous me- .
-dium .carrying ﬁnely-dmded hght—seattermg silica into.
said conducting -envelope .to :charge :at least a porticn of
- the finely-divided :silica .carried :within said -envelope, si- =~
- multaneously :applying :a high intensity .electrostatic field
‘between :a location within the dnterior .of -said . envelepe.
‘and ‘the .envelope surface 'so that :a substantial portion

.of the ssilica ‘particles :carried :within said -envelope will

- divided coating material:and improve the adherence there--

. of to the interior_ surface: of said ;glass -envelope.

5. The method :of ‘increasing the .adherence .of eleetre-_. B

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

material -to :the ‘interior ;surface «of :an - incandescent Jamp 20

- glass envelope -having a meck :portion :and. a ‘bulbous por- -

~tion, wherein :the lines .of :force .comprising ‘the .€lectro-
- static field which -effected ‘the ‘material deposition ‘ex-
‘tended from the interior.of the ! envelope to the envelope
-surface, .comprising ‘heating'the ‘material-coated envelope

" to render it .substantially umfermily -electrically .con- -
~ductive, and applying “for a -total time of :at least 0.5
second :a travelling ‘high dAntensity -¢lectrostatic fiéld be- .
. tween the envelope ‘surface :and ‘locations within 'said ‘en- -

velope spaced from the material .coating ;and’ ‘bounded ‘by
the neéck portion . and :the ‘bulbous portion ‘to cempaet

‘be so :attracted to :and will -coat ‘the interjor -surface .of -
~ the .envelope :and :so :that ‘the uncoated remainder’ of

-said silica :particles .carried -within -said - envelope will .be
carried by -said -gaseous medium from :said envelope -

through the :envelope open-neck portion, thereafter main-

taining said .coated-envelope: substantrally uniformly elec-
+ trically. conductive, and applying for.a period -of :at least
0.5 :second a: travellmg ‘high -intensity electrostatic field

between :the ‘envelope surface :and -locations ‘within -said =
envelope :spaced .from ithe material .coating ;and bounded

by :the :neck :portion :and :the ‘bulbous ‘portion :to .com-

N rpaet ‘said - depe31ted ﬁnely divided ceatmg material -and -
improve the : adherenee thereef 10 the mterler surface of =+ .

25
'~ .said ‘glass .envelope. -

80

said .deposited finely .divided . coating ‘material -and ‘im-

--prove the -adherence :thereof ‘to: the ‘interior" surface of
said glass -envelope, with 'the lines :of ‘force -comprising
- said -applied -field -extending “from :the leeatrcms mthm‘
- sald -envelope to:the envelepe surface. -

6. The method :of increasing :the adherence ef elec—

_tro statreally—depe31ted ﬁnely-ﬂwrded -silica -coating ‘ma-

envelope having :a neck ‘portion and :a bulbous:portion;
wherein. the lines -of ~force ‘comprising. the “electrostatic

field which. effected ‘the -silica deposition extended from -

the interior of: the envelope: to ithe .envelope surface, com-

- pnsrng heatmg the sﬂrea-eeated envelepe to render 1t sub--

ing for a total time ‘of at least 0.5 second ‘a travelhng- .
high intensity electrostatic field ‘between .the -envelope sur- .
face and locations -within said -envelope spaced from the

9, In eembmatren w1th an epen*neeked 1neandeecent"'

| --.'lamp glass -envelope electrostatic - coating machine ‘hav- -
‘inga plurahty of work stations:including an envelope: pre< .
‘heating station, .an .envelope -electrostatic -coating station = = -
| ..and .a :coated envelope _lehring . station, together ~with = -
.-meaas for indexing envelopes from ‘work -station :to- work
~-station ‘in ‘the feregemg work-station ‘sequence, 'the. im- -
| _;prevement which .comprises :a f_ellew-up-veltage station -
5 .following said envelepe ceatlng station, ssaid follow-up-
voltage station comprising: :a heating means for heating

. the surface -of .coated envelopes Teceived .on' station to

- -render ‘same. substantlally uhiformly. .electrically ~con-
terial to the interior surface :of -an: meandeseent lamp glaee -

ductive -and to-facilitate electrical contact to such: coated

envelopes, a ‘reciprocating - electrode -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. envelopss,

 electrode timing-means to control the travel -of said elec-

A5

- silica: coating and’ bounded by ‘the necK :portion -and the -

~hulbous portions ‘to: cempaet said-deposited finely:divided.
- coating ‘material -and :improve ‘the:adherence thereof to -
“the interior surface .of said glass- envelope, ‘with the lines

. of force comprising said :applied field -extending from
~ "the locations wrthm sa1d enve]epe te the envelepe sur-
| faee S

trode within coated - envelepes teceived on station so that
said e€lectrode “moves ‘within such :coated envelopes for .

- a period .of at least 0.5 second, means for applying a
,-;_.-..umdlreetlenal hrgh-veltage petentlal ‘between said elec-.

~ “trode ‘and cenducung envelepes ‘on station ‘while said
i}ﬁoujeleetrode is ‘moving within ‘such -envélopes, voltage ‘tim-
. ‘ing ‘means for applying suid ‘potential ‘between ‘said -¢lec-
trode .and -conducting -envelopes - on ‘station ‘for :at least

-0 5 second while said -électrode | is within such conduct- '

ing envelepes, meludmg positions proximate the neck

atatreally deposited finely-divided light-scattering coating
material to the interior:surfaces .0f an incandescent lamp

_static-field ‘which -effected :the materidl :deposition eX- -
tended from the ‘interior -of the :envelope ‘to the envélope

| it substanu.ally uniformly -electrically ‘conductive, -and :ap-
- plying for a total ‘time of at least ‘0.5 second :a travelling

high intensity . electrostatic fiéld ‘between:the: envelepe Sur-

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

~ ing from a point:proximate the midpoint: -of :the ;envelope

neck portion to ‘a -point proximate :the :midpoint. -of ‘the -

. maximum diameter .of ;the -envélope ‘bulbous portion ‘to -
- '.cempaet sald deposited ‘finely divided :coating -material
. and improve ‘the- -adhéerence thereof “to ithe :interior -sur-
. fact of said .glass - envelepe -with the ‘lines- of force com-

prising said :applied “field extending from the leeatrens

w:rthm said .envélope ‘to: the- .envelope 'surface.

8 The method of electrestaucally deposmng a watmg

. B 5-.;'pertren of such envelopes ‘and well ‘within such enve-
7. The methed ef mereasmg the adherenee of EIECWO* " lopes, means for ‘holding-coated -envelopes in :position .on

station, -and : means fer 1ndexmg eeated envelepes to -and

“from: statlen
_glass envelope thaving a meck ;portion :and :a ‘bulbous por- -

- _tion, ‘wherein “the ‘lines ‘of force :comprising ‘the : electro- 60

10, In’ eembmatlen wrth an’ open—neeked meandeseent

";flamp glass -envelope €lectrostatic coating machine ‘hav-
> ing ‘aplurality :of "work stations -including.-an -envelope .

preheatmg statlen ‘an | envelepe .electrostatic coating sta- "
_ “surface,- ‘comprising ‘heating the coated:-envelope to-render

70

~tion -and :a coated- envelepe lehring -station, tegether ‘with
- “means. fer indexing :envelopes from :work- station -to ‘work

_ station in.‘the foregoing ‘work-station sequence, the ‘im-
35 “provement “which - -comprises :a fdllow-up-voltage station
following $aid envelepe coating :station, said follow-up-
“voltage 'station .comprising: gas-air ‘burner ‘heating -means
~for heatlng the surface ‘of coated envelopes received .on
station ito render -same -substantidlly wuniformly electri-
cally’ conductive - -and -to ‘facilitate -electrical .contact ‘to-
‘such -coated: envelepes :a ‘reciprocating -electrode adapted

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

- from-a position :proximate the. midpoint -.of the :open necks:

75

ef such eeated envelepes $0 :an :extreme :position - prexr-_



ll

-’mate the midpoint of the maximum dlameter of suoh
coated envelopes, electrode- timing means to control the
travel of said electrode within coatéd: 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 hlgh-volta € poten-

12

| envelopes, means for holdmg coated envelopes received
on station in position on station and for effecting a rota-

~ tion ‘between such coated envelopes and said stationary
. gas-zur burner heatmg means when said electrode is mov-

tial between said electrode and the: conducting 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 eleetrode io.

10

“such.conducting envelopes, voltage timing means for ap-

plying said potential between said . electrode and con- *
ducting enVﬁlC’PES 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. Posi-

such eoated ‘envelopes ‘and. said gas-ah burner heatisig

ing ‘within such coated envelopes and voltage. is applied

‘thereto, 'and means for mdexlng coated envelopes to and -

from station. .
12, In combmatlon W1th 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
- for indexing envelopes from work station to work station

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

15
_tions proximate the neck of such envelopes and proxi-
mate the m1dpomt of the maximum diameter of such |
~ coated envelopes, means for holding coated envelopes in

position on station and for effeetmg a rotation between -
.20

means when said electrode | is moving within such eoated o

envelopes and voltage-is applied thereto, and means for
-mdexmg coated envelopes to and from station. :

11. In combination with 'an Open-necked mcandeseent'f’
lamp glass envelope electrostatic coating machine having
a plurality of work stations: including ‘an ‘envelope pre-

which ‘comprises a follow-up-voltage station comprising

.-at least 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 envélopes to render same substantially

uniformly electrically conductive and to facilitate elec-

trical contact to such coated. envelopes, rec1procatmg elec-

 trode means adapted to project within each received

heatmg station, an envelope electrostatic coating statlon--,
~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 improvement
which comprises a follow—up—voltage station . following

said envelope eoatmg station, sa1d follow-up-voltage:sta-
'-tlon comprising: stationary gas air- biirner. heatmg means. . -
- for heating the surface.of coated envelopes received - -on.

“ station to render same substantmlly uniformly eleetrleally

eonduetwe and to facilitate eleotneal contact to such.
.a_reciprocating ‘electrode ,adapted to

oated envelopes,

| move: within each of the coated envelopes received on
station from. a position. proximate the midpoint. of the
40
“tion well within such coated envelopes, a high-electrical-
breakdown eOatlng prowded -over. the .portions  of said
“electrode which‘are adjacent the necks of coated envelopes .

‘open necks of 'such- coated envelopes.to-an extreme posi-

réceived on station when said electrode is prmeeted well

‘within such coated envelopes, electrode timing means to
- cenlrol the travel of : said- electrode wnhm coated en-

~within ‘such coated env elopes for 'a period of at least'
- 0.5 second, means . for applying a unidirectional high-volt-
age potentlsl between sald electrode "and eonductmg ¥

- coated envelope from a position pro:.somate the mldpomt
- of the open necks of such coated envelopes to. an ex-
25 treme position well within such coated envelopes, timing

‘reans to control the travel of sald 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,
_tumng means to control the travel of said electrode
‘means within- recewed coated envelopes. so that said elec-

- trode ‘means moves within ‘'such coated envelopes for a

. " period of at.least 0.5 second, means for applying a uni-
- directional hlgh-voltage potentml between: said electrode

means and received. conductmg envelopes while said elec-

“frode means is moving within :such ‘envelopes, voltage- -
- 'timing means for: applying said- potential - between said
- electrode means and received conducting envelopes for at
‘least 0.5 second while said electrode means is posmoned
_w1th1n such; conducting envelopes and traverses a path
- defined by eleetrode positions proximate the necks of such
envelopes and well within such envelopes means for hold-
~ing received coated envelopes in position and for effect-
ing ‘a rotation between such coated envelopes and - said
: heatlng means when said electrode means is'moving with-

- in’such coated’ envelopes -and . voltage is applied thereto,
. velopes received on station so that said electrode moves -

‘and means for indexing coated envelopes to and from

* the individual follow-up-voltage positions comprising said

coated envelopes on ststlon while said eleetrode is mov- -

ing within such em'elopes, voltage timing means for apply-
" “ing-said potential between said: electrode and. conducting
" TWE]OPES on Station for at least 0.5 second while said
cizctrode is ‘positioned within such conductlng em'elopes_

snd traverses a path defined by ‘electrode positions proxi- -

' -mate the neeks of sueh envelopes and well Wlthm sueh'.-.

55
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follow-up-voltage station: and to and from sald follow-up-
-' voltage station '- | | |

'1 Referenees Clted in. the ﬁle of thlS pateot
i " UNITED STATES PATENTS

“Werner et al. ..______ Sept. 17, 1957
‘ Lopenskl et al. wcuno Oct. 29, 1957
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