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The invention relates to tub'es‘for fluorescent 
lighting and" the fabrication thereof. ‘ 
The crystals in the" coating of ?uorescent ma 

terial on the inner periphery; of the glass tube 
for fluorescent lighting change the Wave length‘ 
of the light, part of which is ultra-violetjcre 
ated by the electrical; discharge through the inert 
gas‘ and mercury vapor to wave’ lengths of‘ light 
which‘ are perceptible by‘ human vision", and‘ pro 
duce highly efficient lighting, as a whole, but the 
?uorescent material, which has "a degree of 
opaqueness, to- a degree restricts the visible light‘ 
discharged from the tube‘ ‘ ‘ ‘ 

One object of the invention is‘ to provide‘ a tube 
for ?uorescent lighting by which the light'-dis= 
charge is“ increased in a controlled direction. 
This object is attained primarily by‘ relatively‘ 
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accomplished: by a controlled‘?o‘w‘ of an abrasive,‘ 
such. as suitable silica” over a longitudinally ex‘ 
tending' section or zcne" of *‘the glass“ tube after 
its entire periphery‘ has.‘ been coated with; the 
standard or‘ greater thickness of; ?uorescent‘ mai 
teri'al or‘ the thickness desired: in‘ the section‘ 01! 
greater thickness.’ This‘ method: lends itself, to 
the reduction» of. they thickness of the coating‘ in 
one section tolthe‘ desired‘ thinness for the control 
cr light from the‘: tube. ‘ 
Other objects" will appear‘ from the: detailed. 

description of‘ the; invention. ' 
The invention consists in theseverar novel fea 

tures which are hereinafter“ set forth and more; 
particularly de?ned by claims at the conclusion. 

varying the thickness of the“ ?uorescent coating ‘ 
in longitudinally extending sections" or zones on 
the inner‘ periphery; of the tube so’ that one 
section will have a ?uorescent coating of‘lesser 
thickness than the remaining section having‘a 
?uorescent coating of standard‘or greater thick 
ness. With these sections having coatings of dif 
ferent thi'ckne‘sathc sectional‘~ reduced thickness 
will function to discharge light at a higher rate‘ 
than’ the other section and the section of‘ thicker 
coating willv function as a‘re?‘ect‘or for the light 
transmitted through ‘the section having the coat 
ing of reduced thickness; In this manner‘, the: 
discharge of‘ light at thehigher rate‘ is direc‘-‘ 
ti'onally controlled by the section‘ with the coat 
ing of‘ reduced‘ thickness, without the use of‘ a 
re?ector‘. By rotation of the tube on its axis 
and in the lamp-fixture, the direction of the light 
through the section having the‘ reduced‘ thickness 
of coating may be varied as desired‘. Some of‘ 
the light which passes‘ directly‘ through the coat 
ing of lesser thickness may,, a degree,‘ be un 
transformed while the ultra-Violet light is“ ab; 
sorbed by the glass. 
or light is transformed the tube, the untrans 
formed light which'p‘asses directly" through the 
coating of lesser thickness ?i‘ay‘b‘e' clischarg‘ed'with 
a distinctive color of its own. 'I‘hisdistin'ctive 
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color added‘ to the major portion of‘ the trans- » 
lated' and re?ected light from the section having‘ 
the: thicker coating‘ changes and» improves the 
color‘ value or the total light emitted when White‘ 
?uorescentltubes‘are-used. , a < ‘ “ 

“Another ‘object of‘ the inventionlisltoiprovide improved‘ method? of“ producing ‘ ?uorescent light 

tubing? with’ sections of fluorescent" coating of dife 
ferent thickness;- In practice it‘ hasbeenl found 
that this result may be e?iciently‘andlpracticaliy 
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In the drawings: ‘ 

Fig-L 1 a’ sectional view: illustrating the‘ 
method: for reducing the‘ thickness oi the: ?uc‘e 
re‘sce'nt coating inl-a section of the previously‘ 
coated tube‘. 

‘ Fig. Z‘is a‘ transverse section‘of a tube with 
?uorescent coating, of different‘ thickness: on‘ di'fe 
ferent sections of the‘ tube. , 

3“ is a section taken on. line‘ 3>—3't or Fig; 21. 
i 41'i's- a ‘View illustrating the tube with the 
discharge for‘ controlling the flow‘ of abrasive 
through the time.“ 
The improved ?uorescent tubing is; illustrated‘ 

irrFigs. 2 and 3-‘ and3 comprises a transparent glass 
tube 1' of usual wau'tnickness ans length. for" use 
in the fabrication ct‘ tubular ?uorescent lamps 
which are provided; with» the- usual- end canslahd 
electrical contacts and‘ are adapted to retain‘ a 
suitable inert gas; as. usuar ihl the~ art} A“ coating 
8‘ (if-‘?uorescent chemical comaining- powder“ hav 
ing» crystals- of ?uorescent minerals or chemicals 
and of‘ the‘predetermmeoi or‘ standard‘. thickness 
now used ?uorescent lamps; extends» around a1 
sédtioirdr Z6119, f'tir example‘ approximately 24%” 
or the inner periphery; and from and: to" end or 

‘‘ “ ' ‘ l " sectibrii (if? approxi-l 

mateiy» 1520'” or the inner ‘perinhery-and“ extending 
from eii‘dl to end of the‘ tubing‘ a coating of 
lesser“ thickness than‘ the‘; portion‘ 8. interior 
peripheral coating 8 ‘ of ‘the tube may.“ also be‘ 
made greater that? standard?‘ th-i kI-iéss‘i to‘ achieve 
a dire “ "cm-1 outputcf‘ ‘a greater“ portion‘ es the 
tdtali light emitted’ fiforiil the-1 tube 'lll’iéi section 9 
of? the coating! of the‘ same‘- ?uorescent ‘chemi 
cal with like powder ahdi has aiesser truer-ness 
than the‘ portions; or the thickness or: the“ ?uc 
rescent chemicar at a may‘ be- practically ‘nil. 
These coating" sections- are formed by‘ coating the 
entire‘ periphery the tubing with the 



2,421,975 
3 

same ?uorescent chemical and powder of the 
thickness in the section 8 of the coating and then 
removing a portion thereof from the inner face 
of the coating to form the section 9 of lesser 
thickness. The ?uorescent coating 8 can be of 
standard or ordinary thickness 50 that the wave 
length of most of the light from the incandescent 
gas, a large part, of which is ultra-violet, will be 
changed by theprystals oi'the powder in the ?uo 
rescent coating'jthe electrical discharge, the inert 
gas and mercury vapor, when the lamp is ener 
gized, to visible wave lengths of visible light, or 
of greater than standard thickness so that more 
of the last mentioned light is changed to visible 
light. This coating, where it is 'of'greater or 
standard thickness, as in section 8, reduces the 
transparency throughout the area of the section 
to which it is applied. The area of the section 9 
of the coating of reducedthickness is provided to 
permit visible light to escape more freely from 
the. tube than it does through the area having the 
thicker coating. As a result, the ?uorescent ma 
terial v8 of greater thickness functions not only 
to transform the ultra-violet light into visible 
light, but also to re?ect the visible light in the 
direction of section 9, and this visible light can 
be directionally controlled by the axial direction 
and the area of the coating of reduced thickness. ‘ 
The direction of this light passing through the 
section having the coating of lesser thickness can 
be readily varied by rotation of the tube on its 
axis. Some of thelight that falls on the portion 
of the tube having the coating of lesser thickness 
may not be transformed. Most of this untrans 
formed light is ultra-violet and is absorbed by the 
glass but part of it is visible. The proportion of 
this visible and directionally controlled light may 
be controlled by the thickness of the coating 9. 
This visible light directly from the incandescent 
gas which escapes through the coating 9 has a 
distinctive color of its own. This distinctive 
color, added to the translated light in the tube, 
changes the color value to some extent of the 
lightemitted from the tube with coating of lesser 
thickness and the color of the light when white 
?uorescent tubes areusedis improved. Tubing 
coated as aforesaid with ?uorescent material of 
different thickness makes ' it possible to direc 
tionally control a large portion of the light 
emitted, results in an increase in light e?iciency 
without the, use of a re?ector, and improves the 
color value of the emitted light. 
The ?uorescent material is of a loose and ?oc 

culent nature composed largely of minute crys 
tals of ?uorescent material. This ?uorescent 
material transforms the ultra-violet light to vis 
ible and hence useful light, but it possesses a de 
gree of opaqueness. The present practice in the 
art is to make the coating of optimum and uni 
form thickness so that the most lumens per watt 
of visible light are emitted by the tube when en 
ergized. An increase of the present standard 
thickness will cause more of the ultra-violet light 
in the interior of the tube to be transformed to 
visible light, but less to be transmitted through 
the coating and glass. If the coating around the 
entire inner periphery of the tube is thinner than 
the standard, less light would be transformed, but 
more would be transmitted. According to the 
present invention, the coating can be of in 
creased thickness for the transformation of more 
of the ultra-violet light and an increase of its re 
?ecting power because a sui?cient amount of the 
coating is removed from the arcuate section 9 for 
the emission and escape of the transformed and 
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4 
re?ected light in a controlled and useful direction 
to produce a further increase of light emitted in 
that direction. 
In fabricating the tubing, the entire inner 

periphery is ?rst coated with ?uorescent chemi 
cal containing the ?uorescent powder of substan 
tially uniform and the maximum thickness de 
sired in any portion of the tubing or that corre 
sponding to the coating in the section 8. The 
thickness of the coating in the section 9 is then 
reduced by abrasion to the thinness desired for 

-~ the increased ?ow of light through the latter 
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section. In carrying out the method of producing 
this tubing the apparatus illustrated in Fig. 1 may 
be advantageously used. The tube ‘I of glass is 
suspended at such an angle as to cause an abrasive 
to ?ow by gravity longitudinally over the coating 
on the lower portion and through the entire 
length of the tube. A hopper I0 for the abrasive 
is stationarily supported in an elevated table II. 
The lower end of the hopper is connected by a 
section of ?exible tubing I 2 to a ?ow control tube 
I3. The upper end of the tube ‘I is connected 
to the discharge end of the control tube by a 
?exible hose section IS. The lower end of the 
suspended tube is supported by a bar I1 which 
may be adjusted in steps over a support I8 to vary 
the angle of inclination of the tube ‘I and corre 
spondin-gly vary the velocity of the abrasive 
through the tube ‘I. The control tube I6 is pro 
vided with a discharge ori?ce I9 which is shaped 
to direct the abrasive to the lower arc of, and 
to limit the rate of flow through, the glass tube ‘I. 
The silica ?ows by gravity from hopper I I) to 
pipe section I2, control tube I3 and the ori?ce 
I9 to the bottom portion of the glass tube 1 and 
slides downwardly by gravity over the ?uorescent 
coating on the lower portion of the tube ‘I. The 
ori?ce I9 and gravity con?ne the abrasive to the 
section of the tubing 'I desired, and the ori?ce 
limits the flow into the tube. The abrasive in 
?owing over the coating on the inner periphery 
of the glass tube ‘I reduces the thickness of the 
coating 9 of the section. The velocity and volume 
of the abrasive ?owing through the tube 1 may be 
readily controlled to reduce the thickness of the 
coating to the desired degree. The abrasive used 
must ?ow freely through the ori?ce I9 and over 
the ?uorescent coating on the tube and must not 
leave any residue which will have a consequential 
detrimental reaction when the tube is fabricated 
into a lamp. For instance, the presence of iron in 
the abrasive is likely to have such a detrimental 
effect. An example of an abrasive which ‘can be 
used in carrying out the invention consists of silica 
sand composed largely of silicon dioxide, which is 
substantially free from iron and other contamina 
tion. The silica for this purpose must be com 
posed of the following: . 

Per cent 
20 meshv ________________ __‘_ __________ __‘, .5 
30 mesh ___ v 32.2 

40 mesh ______________________________ __ 62.8 

50 mesh ______________________________ __ 4.0 

'70 mesh ______________________________ ..p 0.5 

This mixture has been foundv to give the desired 
result inrreducing the thickness of the coating. 
The shape and size of thedischarge ori?ce I9 may 
be changed according to the area of the arcuate 
section of the tube from'which the coating is to 
be removed, and according to the relative amount 
of ?uorescent material to be removed from por 
tion 9, and alsoudepending on the size of the tube 
to be processed. ' ' V 

In practice, for example, a charge of approxi 
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mately 4 ounces of silica is placed in the hopper 
II] with an ori?ce which will pass the charge in 
approximately 15 seconds, will usually produce 
the desired reduction in the thickness of the coat 
ing for a standard length of 20 milimeter tubing. 
In practice it may be desirable to ?ow the silica 
over approximately 1/2 of the area of the section 9 
through the tube and then reverse the tube and 
?ow silica through the other end of the tube posi 
tioned for the removal of the other half portion 
of said section. After the abrasive has been 
passed through the tubing a puff of warm air is 
forced through it to remove any loose ?uorescent 
material from the tube. This ?ow of silica will 
result in the thickness of the coating being 
graduated between the sections so that there will 
be no sharp line of demarcation between them. 
The abrasive material is discharged from the 

tube into a bin 20 and is protected from outside 
contamination. The abrasive material may be 
repeatedly used until it becomes charged with the 
?uorescent material to the extent that its abrasive 
and flow characteristics are changed. The 
fluorescent material can be washed and reclaimed 
from the silica if desired, and the cleaned and 
dried silica reused. 
The method of removing the ?uorescent coat 

ing may be advantageously used to remove sub 
stantially all of the ?uorescent coating from a 
narrow section of the tubing, if that should be 
desired for speci?c uses. 
The invention exempli?es a method of produc 

ing tubing coated with ?uorescent material 
whereby the reduction in thickness of the coating 
may be accurately controlled and quickly and 
economically effected. The invention also exem 
pli?es tubing for fluorescent lighting which is 
provided with zones of ?uorescent coating of the 
same material in sections of different thickness 
for increasing the visible light emitted from the 
tubing for directional control. 
The invention is not understood as restricted 

to the details set forth since these may be modi 
?ed within the scope of the appended claims 
without departing from the spirit and scope of 
the invention. 
Having thus described the invention What I 

claim as new and desire to secure by Letters 
Patent is: 

1. That improvement in making ?uorescent 
lighting tubing which comprises: delivering into 
tubing, which is uniformly coated on its inner 
periphery with ?uorescent material of a predeter 
mined thickness, abrasive material so it will flow 
over an arcuate portion of the periphery of and 
longitudinally through the tubing until the coat 
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ing in said arcuate zone is reduced in thickness, 
for increased light projection therethrough of the 
light transformed and re?ected by the coating of 
predetermined thickness. 

2. That improvement in making ?uorescent 
lighting tubing which comprises: delivering into 
tubing, which is uniformly coated on its inner 
periphery with ?uorescent material of a predeter 
mined thickness, abrasive material so it will ?ow 
by gravity over an arcuate portion of the periph 
ery and longitudinally through the tubing until 
the thickness of the coating in said arcuate zone 
is reduced in thickness, for increased light pro 
jection therethrough of light transformed and 
re?ected by the portion having the coating of 
predetermined thickness. 

3. That improvement in making ?uorescent 
lighting tubing which comprises: delivering into 
tubing, which is uniformly coated on its inner 
periphery with ?uorescent material of a predeter 
mined thickness, abrasive material so it will flow 
at a controlled rate over an arcuate portion of 
the periphery and longitudinally through the 
tubing until the coating in said arcuate zone is 
reduced in thickness, for increased light projec 
tion therethrough of light transformed and re 
?ected by the portion having the coating of pre 
determined thickness. 

4. That improvement in making ?uorescent 
lighting tubing which comprises: delivering into 
tubing, which is uniformly coated on its inner 
periphery with ?uorescent material of a predeter 
mined thickness, abrasive material so it will flow 
by gravity and at a controlled rate over an arcu 
ate portion of the periphery and longitudinally 
through the tubing until the coating in said arcu 
ate zone is reduced in thickness, for increased 
light projection therethrough of light trans 
formed and re?ected by the portion having the 
coating of predetermined thickness. 

ROSCOE D. WILLIAMS. 
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