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1. 
This invention relates to combustion precipi 

tronic process and apparatus and, more particu 
larly, to a novel procedure and apparatus for the 
reproduction of images or production of coatings 
by the precipitation of products of combustion 
upon the image receiving material under the in 
fluence of an electrical field of force, the term 
“combustion precipitronic' having been coined 
to cover these principles of image or coating for 
mation. Since there is no known word or phrase 
in the English language which briefly and ade 
quately identifies them. 
As used in this application the Word "image' 

is to be understood as including not only pic 
tures, line drawings, and the like, but also text, 
Symbols, patterns and any other configurations 
which may be reproduced by known printing 
methods. Also the term 'Smoke' Should be un 
derstood as meaning a suspension of a Solid or 
Solids in a gas or gases and includes all finely di 
Wided material Suspensions in air or other gas 
as a result of partial burning or combustion, 
Whether this combustion be effected at the time 
of the image formation or prior thereto and then 
Stored in Suitable containers or the like for Sub 
Sequent use. The term “Smoke' is also to be 
COinSidered as including finely-divided, fluid-Sus 
pended particles of liquid mixed with products 
of combustion and Which may be more properly 
thought of as fog or the like and the term "at 
mosphere of Smoke' refers to a region containing 
a gas Suspension of finely-divided Solids and/or 
minute droplets of liquid such as are present in 
"Smoke' or 'fog.' The term “coating' includes 
a Substantially uniform deposit whether the lat 
ter be in the form of a layer on the surface of 
a material Or deposits in between the individual 
particles of the material. 
The Smoke may be in any selected color in 

cluding black and/or white, depending upon the 
materials combusted or partly combusted, and 
the image or coating receiving material may be 
paper, cloth fabrics, or other materials which 
are preferably in sheet or web form. The image 
or coating being effected by depositing compo 
nents of Smoke both upon and between individual 
particles of the sheet or web material under the 
influence of an electrostatic field of force, ref 
erence hereinafter to formation of the image or 
Coating by depositing Smoke components upon 
the sheet or web material is intended to include 
both Such inter-particle and surface depositing 
of the Smoke. Finally, since the intensity and 
direction of an electrostatic field of force are con 
Wentionally represented by imaginary “lines of 
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force,' reference hereinafter to "arranging' or 
"interrupting' lines of force are intended to cover 
corresponding manipulations of the intensity of 
the electrostatic field of force. 
An object of the invention is the provision of 

an inproved method and means of forming 
images upon image or coating receiving material 
in which the image producing medium is a prod 
U.Ct. Or products of Combustion transferred by 
electrical lines of force arranged in a pattern cor 
responding to the image, whereby smoother, 
denser, and more brilliant images in black, white, 
and/or selected color may be formed without the 
neceSSity of drying and at the same time elimi 

5 nating offsetting, Smudging, and other difficul 
ties of conventional printing procedures. 
Another object of the invention is to provide 

an improved procedure and apparatus in which 
finely divided particles are transferred to image 
Or coating receiving material by an electrostatic 
field of force, the said particles being products 
of combustion or the like and being Smaller and 
lighter than Substances heretofore used whereby 
electrical potential differences of lower voltage 
may be employed than has been heretofore pos 
Sible. 
An additional object of the invention is to 

provide an improved procedure and apparatus in 
Which products of combustion are transferred to 
Web material by an electrostatic field of force in 
a manner Such as to produce a substantially uni 
form layer or deposit upon the material. 
A further object of the invention is to provide 

an improved method and apparatus for repro 
ducing images which is especially suitable for 
Successive depositing of colors upon the image 
receiving material in Superimposed and juxta 
posed precise register without the necessity of 
intermediate drying, whereby colored images may 
be formed in extremely short time intervals as 
compared with prior procedures. 
A still further object of the invention is the 

provision of an improved method and apparatus 
for effecting coating or reproduction of images 
upon material by the use of products of com 
bustion, or the like, transferred to the material 
by an electrostatic field of force, the procedure 
and apparatus being characterized by the fact 
that the particles employed for the coating or 
for reproduction of the image are driven into 
the structure of the image or coating receiving 
material and become part thereof so that they 
do not Smudge or come of the surface of the 
material. 
An additional object of the invention is the 
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provision of a procedure and apparatus of the 
type defined in any of the preceding objects and 
wherein heating to dry the image or coating pro 
ducing medium to promote fixing, setting, or the 
like is eliminated, thus effecting greater economy 
in production and greatly reducing and/or en 
tirely eliminating expensive drying equipment, 
and also providing greater safety of operation 
Since high volatile liquids are no longer neces 
Saly. 
The invention further resides in certain novel 

Steps of procedure, features of construction and 
combination and arrangement of parts of ap 
paratus, and further objects and advantages 
thereof will be apparent to those skilled in the 
art to which it pertains from the following de 
Scription of the present preferred embodiment. 
thereof, and certain modifications, described with 
reference to the accompanying drawings in which 
Similar reference characters represent corre 
Sponding parts in the several views, and in which: 

iig. 1 is a transverse sectional view through 
the present preferred form of an apparatus con 
Structed in accordance with this invention and 
Operating to effect the novel procedure; 

Fig. 2 is a fragmentary side elevational view 
of a portion of the apparatus shown in Fig. 1, 
illustrating the adjustment of the opening regu 
lating means or shutters thereof and the connec 
tion of certain of the electrodes; 

Fig. 3 is a fragmentary view taken substantially 
on the line 3-3 of Fig. 1 with certain parts shown 
ill elevation, other parts in section, and still 
otherS removed to facilitate disclosure; 

Fig. 4 is a simplified, Schematic wiring diagram 
Showing the connections to the transfer and 
precharge electrodes of the apparatus; 

Fig. 5 is a transverse sectional view through a 
modified fornil of apparatus constructed in ac 
Col'dance With this invention and operating to 
perform the method thereof; 

Fig. 6 is a fragmentary view similar to the 
right-hand portion of Fig. 5 but showing a por 
tion of the cover or housing of the apparatus dis 
posed in a different position for cooperation with 
a leSSer Segment of the circumference of the cyl 
inder' employed in the device; 

Fig. 7 is a fragmentary side elevational view 
of the forward or right-hand portion of the device 
Shown in Fig. 5; 

Fig. 8 is a fragmentary plan view of the appa 
ratus shown in Fig. 5; 

Fig. 9 is a fragmentary sectional view taken 
Substantially on the line 9-9 of Fig. 8; 

Fig. 10 is a fragmentary sectional view to an 
enlarged Scale taken substantially on the line 
8-f) of Fig. 8 with certain parts broken away 
and others in section to facilitate illustration of 
the material feeding mechanism; and, 

Fig. 11 is a fragmentary sectional view taken 
Substantially on the section indicating line f-f 
of Fig. 8 with certain parts removed for clarity 
of illustration. 
The principle involved in effecting image or 

coating formation in accordance with this inven 
tion may be briefly summarized as comprising 
partial burning or combustion of material or ma 
terials to produce a dense smoke, the color of 
which is determined by the material or materials 
combusted which, in turn, is selected in accord 
ance with the color in which the image is to be 
formed. The Smoke thus produced is caused to 
flow into an enclosure in which is provided the 
image or coating receiving material, the latter 
preferably providing a closure for one side of the 
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4. 
said enclosed space. Electrodes Supplied with 
electrical energy of different polarity are located 
on opposite sides of the image or coating receiv 
ing material and, when an image is to be formed, 
the image to be reproduced is defined by conduc 
tive and non-conductive Surfaces upon a member 
engaging or Spaced from One Side of the image 
receiving material and interposed between the 
said electrodes. Hence, the electrostatic field of 
force established between the electrodes, is con 
centrated through the portions of the image re 
ceiving material which lie in front of conductive 
portions of the Surface on Which the image is 
formed, and the Smoke particles are transferred 
to and deposited upon the image receiving mate 
rial by the portions of the electroStatic field act 
ing through the Said conductive portions of the 
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image bearing Surface or member. It will be 
appreciated that in Some instances the conduc 
tive portions on the Surface or member bearing 
the image to be reproduced may themselves con 
stitute one electrode of the transfer electrostatic 
field and in Such a case there need not be a Sepa 
rate electrode provide on the side of the Said Sur 
face opposite the Smoke filled enclosure. When 
a coating is to be formed, the electrostatic field 
is substantially uniform over the entire width of 
thematerial to be coated. 
As mentioned above, when opposite polarity 

electrical energy is applied to the electrodes on 
the opposite sides of the image receiving mate 
rial thereby producing an electrostatic field due 
to the potential gradient between the electrodes, 
the particles Such as Soot Or the like in the Smoke 
atmosphere within the said enclosure are at 
tracted and transferred by the electrical field of 
force thereby depositing the particles upon and 
within the fibers of the image receiving material 
opposite the conductive portions on the surface 
bearing the image to be reproduced, none of the 
Smoke or soot particles being deposited in the 
non-image areas which are represented by the 
non-conductive portions of the said Surface. The 
color of the image thus formed is dependent upon 
the color of the Smoke or products of cornbustion 
and, where multi-color image reproduction is 
desired, the procedure is repeated, sequentially 
employing products of combustion of the several 
Selected Colors, the image to be reproduced being 
Such that the colors are selectively superimposed 
upon each other in the usual manner wherein 
ink is employed, the important difference being, 
however, that no drying or setting time is needed 
between the Successive applications of different 
colored Smoke particles in contrast with the re 
quired drying between successive application of 
different colors of ink. This is due to the fact that 
the electrostatic field of force thoroughly affixes 
the Smoke particles to and Within the image re 
ceiving material. So as to become a part thereof. 
Moreover, since Smoke is dry, the expensive heat 
ing and/or drying equipment heretofore neces 
Sary between Successive Stages of multi-color 
printing processes are eliminated, thereby greatly 
expediting the rate of production of the image 
bearing material and also reducing the cost of 
the equipment necessary for its production. 
When a coating is to be formed, the same pro 

cedure is followed as that utilized in image for 
mation except that the lines of force are uniform 
ly distributed through the material and no image 
bearing Surface is utilized. 
The materials employed for the production of 

the Smoke preferably include substances which 
assist the partially combusted particles such as 
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the soot or the like in penetrating and/or adher 
ing to the image receiving material. That is to 
Say, the Smoke Inay in certain instances be some 
what oily or moist depending upon the character 
of the image receiving material. Where the Se 
lected raterials for combustion do not per Se 
produce a Smoke of this characetr, the Smoke 
laden atmosphere may be provided with a slight 
amount of mist or vapor containing oily or ad 
hesive Substances in very fine droplets or colloidal 
Suspension for mixture With the Smoke prior to 
its transfer to the image or coating receiving 
material. 
The present preferred form of an apparatus 

for effecting coating or image formation in ac 
cordance With the principles Stated above is illus 
trated in FigS. 1 through 4. As showin therein, 
the apparatus is constructed in a manner per 
mitting production of images or coating upon 
sheet or web material which is continuously fed 
through the apparatus so that Successive portions 
of the material receive the desired coating, image 
or images thereon. Referring to Fig 1 the ma 
terial, designated if, is shown as being fed from 
a suitable source of supply through a dryer 5 
and thence through static eliminating devices 
6 and of conventional construction. Which 

may, for example, be formed and function like 
those disclosed in Fatent No. 2,445,271, issued to 
Willian C. Huebner on July 13, 1948. The dryer 
5 is of conventional construction including heat 

ing means and is employed only when the nate 
rial M contains sufficient moisture to interfere 
with the impression thereon of electroStatic 
charges, there being no necessity for drying of : 
the naterial to Set the image or coating produc 
ing substances, i. e. the Sinoke, thereon. Like 
wise, the static eliminators need not be used in 
soille instances, although their use is preferable 
to insure that, the paper or other material i? 
does not possess a static charge created through 
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andling thereof and which Would interfere with 
the operation of the procedure. 
After passing through the static eliminators 8 

and , the material M is then directed by an it 
idler roller 8 onto a portion of the periphery of 
a cylinder 9, which carries the image or images 
to be reproduced, the material M continuing 
around the portion of the periphery of this cylin 
der and being held thereagainst by a second idler 
roller 2 and the material finally passing from 
the apparatus through static eliminators 2 and 
22. The eliminators 2 and 22 are similar to those 
designated 6 and and are employed for re 
moving any electrical charge remaining upon the 
material M so that there will be no offsetting of 
the image or coating producing Substance from 
the material M if the latter be placed in piles or 
rols. The charge eliminators 2 and 22 are also 
preferably employed between successive stages 
when multicolor printing is being effected to in 
Sure that the material Mi, after the application of 
One color thereto, does not bear a charge differ 
ent from that necessary for effecting transfer of 
the next Succeeding color thereto. 
The image cylinder 9 is hollow and preferably 

Comprises a metal shell 23 which is mounted for 
rotation upon, and insulated from, suitable end 
plates, bearings, and Supporting structures con 
Structed in a well-known manner as, for example, 
Similar to that shown in U. S. Patent 2,408,143, 
issued to William C. Huebner on September 24, 
1946. The metal shell 23 of this cylinder is 
provided With the image or images to be repro 
duced, this preferably being effected by photo 
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S 
graphic and electroplating procedures such as 
are now well known in the art, the portions of 
the image to be reproduced being formed as 
raised areas of Copper With the non-image areas 
etched away as hollows or recesses therebetween. 
Within these hollows or recesses electrical in 
Sulating material is disposed, which insulating 
material may be of any desired type, one Suitable 
form being that known under the trade name of 
“Gyptal,' which is the trade name used by the 
General Electric Company and designates a par 
ticular class of Synthetic resins made from 
glycerin and phthalic acid or phthalic anhydride, 
See U. S. Patents 1,108,329 and 1,634,969. Other 
Suitable non-conductive substances may be em 
ployed Such as resins, plastics, or the like. After 
the non-image areas have been filled with such 
material, the cylinder is preferably subjected to 
a light surface grinding to render the periphery 
thereof Smooth and free from projections So as to 
provide a uniform Surface upon the cylinder and 
thereby prevent injury to the image receiving 
material that is to move in contact therewith, 
The cylinder is rotated by means not shown 
thereby carrying the material M thereWith 
through the apparatus. When coating is to be 
effected, no image is formed upon the cylinder 9 
but instead the entire surface thereof is of uni 
form nature, for example all conductive. Since 
image formation is in effect a special case of 
coating, the hereinafter description of the appa 
ratus as used for image formation is also ap 
plicable to coating when the cylinder 9 has no 
image area.S. 
Within the cylinder 9 is mounted a suitable 

electrode means which is here shown as con 
prising a plurality of conductive blades or pro 
jections 24 arranged in outward projecting order 
Upon a Segmental insulated Support 25, the latter 
being non-rotatably supported upon the frame 
Of the machine at the axis of the cylinder 9 in a 
nanner Similar to that shown in the aforemen 
tioned Patent 2,408,143. The electrodes 24 are 
preferably formed as blades extending substan 
tially the entire length of the cylinder f3, the 
blades being connected together and to a com 
Yaon Conductor 26 which is in turn connected 
With One terminal of a suitable power pack or 
Source 32 of high potential, direct current elec 
trical energy, see Fig. 4. In place of a plurality 
of radial blades 24, electrodes of other shapes 
may, of course, be employed in accordance With 
the needs of the specific type of image and/or 
materials utilized. 
Adjacent the portion of the periphery of the 

Cylinder 9 about which the material MI passes, 
and opposite the electrodes 24, there is provided 
a housing, generally designated 2', within which 
Sinoke lade air or gas is circulated in coin mu 
nication with that portion of the material MI 
Which is then opposite the electrode 24. Adja 
cent the Surface of this portion of the material 
M. and within the housing is disposed a second 
electrode means, generally designated 28. The 
electrode means 28 preferably comprises a plu 
rality of longitudinally extending conductive bars 
29 which are mounted in insulating supports 
forming a part of the side wall of the housing. 
As shown in Fig. 2, the said bars preferably have 
a concave configuration coaxial with the cylin 
der 9 and Spaced therefrom. The several bars 
29 of the electrode means 28 preferably have their 
ends bent over the Outer Surface of the support 
ing Side Wall of the housing 2, the said ends be 
ing united by Soldering or the like to conductive 



2,691845 
7 

strips such as 30. The strips 30, in turn, are 
connected by a Wire 3 to a terminal of the pre 
viously mentioned power pack 32 which comprises 
a source of high potential electrical energy, the 
terminal connected with the wire 3 having a 
polarity opposite to that imparted to the wire or 
conductor 26. 
The power pack or source 32 of electrical en 

ergy, which may be of conventional construction 
and supplied from alternating current Supply 
lines Li and L2, is preferably connected to the 
wires 26 and 3 through a reversing SWitch 33 
so that the polarity of the direct current potein 
tials applied to the electrodes 24 and 28. may 
be reversed in order to provide the proper direc 
tion of the potential gradient for transfer of 
the selected Smoke employed within the housing 
27. That is to say, certain materials produce 
products of combustion which are more readily 
transferred to the image receiving material When 
the electrical lines of force extend in One direc 
tion, while other products of Combustion may 
be more readily transferred to the image receiv 
ing material when the electrical lines of force 
extend in the opposite direction. The reversing 
switch 33 enables the apparatus to be readily 
utilized with either type of material. 
The smoke or other products of corribustion 

are created, in the form of the apparatus illus 
trated in Figs. i to 3, by providing one or a 
plurality of combustion compartments or cham 
bers, depending upon the size of the apparatus 
employed. As shown in Fig. 3, the illustrated 
apparatus comprises a plurality of Separate Conl 
bustion compartments 35 each of which is pro 
vided with carbon arc mechanism including Car 
bon electrodes 36 and 37 supplied with Suitable 
arcing potential and having the usual carbon 
feeding mechanism applied thereto for inaintain 
ing the carbons at the proper arc producing dis 
tance. Adjacent the arcing space between the 
carbons 36 and 37, each compartment 35 is pro 
vided with a tube 38 within which one or more 
sticks or cartridges 39 of the material to be coin 
busted are placed. The sticks or cartridges of 
smoke producing material may be progressively 
fed, by any suitable means, to a point adjacent 
the arc so that the material of the Sticks o' 
cartridges is partially combusted, thereby pro 
ducing dense smoke, the color of which is deter 
mined by the nature of the materials in the 
sticks or cartridges 39. In order to support this 
combustion, air or other combustion Supporting 
gas is introduced at a controlled rate into each 
compartment 35 through a conduit 40 and a Suit 
able nozzle 4, the latter being provided with a 
valve 42 for controlling the rate of introduction 
of the air or other gas. 
The Smoke produced in each of the compart 

ments 35 flows therefrom, through an opening 
43 therein, into a connected chamber 44 which 
is common to the several compartments 35 and 
receives the Smoke from all of the latter So that 
a mixing of the smoke occurs therein. This 
chamber 44 is preferably provided with a renov 
able cover 45 to facilitate cleaning and/or access 
to it and to the combustion chambers 35. Within 
the lower part of the chamber 44 and extending 
upwardly therein are spaced tubes 46 which may 
be separate members welded or otherwise Secured 
in place, or may be formed as an integral Cast 
ing with the side walls for the chamber 44. The 
tubes 46 extend outwardly from the chamber 4 
and communicate respectively with separate 
nozzles. A which are Supplied with air or other 
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8 
gas under pressure through conduits 48, valves 
Such as 49 being interposed between the conduits 
48 and the connections of the pipes 46 to the 
nozzles 47 to thereby regulate the flow of the 
air or other gas through the nozzles. 
The flow of air or other gas through the Con 

duits 48 and nozzles 47 has an aspirating effect 
upon the tubes 46 thereby withdrawing the 
smoke-laden atmosphere from the housing 44, 
the rate of this withdrawal and hence the density 
of the smoke being readily controlled by means 
of valves 50 which are interposed in the tubes 46 
between the chamber 44 and the nozzles 47. In 
addition to the aspirating effect of the gas foW 
past the lower ends of the tubes 46, there is also 
Some flow of Smoke from the housing 44 due to 
the Supply of combustion supporting gas to the 
chambers 35. 
The nozzles 4 extend into the housing 27 at 

longitudinally Spaced points therealOng, as Will 
be seen from Fig. 3, and the valves 49, 59 enable 
Smoke of differing densities to be introduced 
through the several pipes 47 at different points 
Within the housing 2 to effect the desired dense 
ness of image reproduction at a desired area. 
On the image receiving material. It Will be un 
derstood that, in addition to merely regulating 
the density of the Smoke from each of the pipes 
47, some of the valves such as 49, 5C may be 
completely closed thereby terminating all Smoke 
passage through the corresponding pipes 47, 
this being especially useful where certain areas 
upon the image receiving material are to re 
ceive either no Or Very little image leproduc 
tion. 

Adjacent the inner ends of each of the tubes 
47, the housing 27 is preferably provided With 
means for directing and moving the incoming 
Smoke-laden atmosphere towards the image re 
ceiving material. In the present embodiment, 
these directing and moving means comprise in 
dividual fans or blowers 5 which are identical 
and are each driven by individual electrical 
motors 52, the latter being preferably mounted 
exteriorly of the housing 27. The motors 52 are 
preferably capable of individual energization 
and/or variations in speed to thereby regulate 
the rate of movement of the Smoke-laden atmos 
phere forwardly towards the image receiving 
material in a given transverse area, thereof. The 
housing 27 is provided substantially centrally 
thereof with a longitudinally extending partition 
member 53 which provides a Somewhat circular 
path for the Smoke-laden atmosphere from the 
fans to the image, receiving material and thence 
rearwardly of the housing, this path being in 
dicated by arrows in Fig. 1. In the present form 
of the mechanism, the partition member 53 is 
shown as being a hollow tube extending in Spaced 
relationship with the side walls of the housing 
27 and having its ends supported in Sealed 
relationship within depressions in the end walls 
54, 55 of the housing 27. 
The end walls 54 and 55 of the housing 27 

are preferably formed as single plates of insulat 
ing material and are fastened, as by means of 
Screws or other Suitable Securing means, to in 
tegral ribs or fianges such as 56 on the edges 
of the housing 27. The end plates S, 55 have 
a configuration corresponding substantially with 
that of the ends of the housing 27 except that 
the plates 54, 55 are somewhat wider than the 
housing adjacent the forward edges of the latter 
and these forward portions of the side plates 
extend on either side of the cylinder 9 and 
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closely adjacent the latter so as to effect a seal 
therewith. Preferably the forward edges of the 
plates 53, 55 are concave, the center of this curva 
ture being coaxial with that of the cylinder 9 in 
order to provide Sufficient clearance for the bear 
ings, driving gears, and the like, of the drum. 
The housing 2 is provided with longitudinally 

extending recesses of troughs 57 and 38 adjacent 
the Opening in which a portion of the cylinder 
9 projects. The edges of these troughs are 

closely adjacent the periphery of the cylinder 9 
and the interiors of the recesses or troughs 57, 
58 are respectively in communication with one 
Or more Conduits Such as 59 and 69 Which are 
connected to a Suitable means for producing a 
partial vacuum. These troughs or recesses 
therefore constitute vacuum seals to prevent 
leakage of air into the housing 27 or leakage of 
Smoke therefrom. The conduits 59, 60 are prefer 
ably connected to a main exhaust conduit 6, 
the latter also being connected at spaced points 
With the interior of the housing 27 through 
Screened openings such as 62. An arcuate parti 
tion Wall 63 extends longitudinally of the housing 
2 and is spaced in front of the openings 62 to 
prevent the direct entrance of the Smoke-laden 
atmosphere from the housing into the said open 
ings. This partition S3 is spaced from the pipe 
53 and, being arcuate, aids in defining an arcu 
ate path for the smoke-laden air within the 
housing 27. The partition 83 has a radially ex 
tending Supporting portion 64 affixed to the 
lower side wall of the housing or chamber 27, 
this radial portion being provided with openings 
therethrough for the admission of a portion of 
the Smoke-laden atmosphere. 
The conduit S is preferably connected to an 

exhaust Such as a chimney or the like and may 
be provided with a suction fan or blower, if 
desired, it being understood, however, that the 
degree of Vacuum applied to the conduit 6 is 
of a relatively low order and ordinarily is simply 
Sufficient to maintain a balanced pressure within 
the housing 2, the amount of air or other gas 
thus removed being substantially equal to that 
introduced through the tubes A. Consequently, 
the fans 5 can effect a continual circumferen 
tial circulation of the Smoke-laden atmosphere 
Within the housing so that a sufficient volume 
of Smoke is maintained adjacent the electrode 
Ineans 28 for effective transfer of the components 
Or particles thereof to the image receiving mate 
rial under influence of the electrostatic field of 
force. Since the vacuum applied to the conduit 
6 is of relatively low order, the Smoke-laden 
atriosphere Will, on the average, circulate several 
times within the housing 2i after introduction 
therein before any material part of that intro 
duced portion is withdrawn. This provides for 
a relatively unifornly dense volume of Smoke 
within the housing in advance of each of the 
tubes A and fans 5, which are operating at a 
given time, and if all such tubes and fans be in 
Operation, the Volume of Smoke circulating With 
in the housing 2: Will be of substantially uniforn 
density. If, however, some or all of the tubes 4. 
and adjacent fans 5 be not in operation, there 
will be corresponding lighter density bands of 
the Smoke-laden atmosphere Within the housing 
27. In advance of the radially extending portion 
64 of the partition 63, the housing 2 has a lon 
gitudinally extending opening 65 which is formed 
in part by said radially extending wall or portion 
63 and in part by the wall of the housing 2. 
This opening 65 is provided as a clean-out means 
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10 
and the heavier particles of smoke, which are 
not readily circulated within the housing, settle 
through this opening into a collecting trap or 
cover member 66 which is provided at the outer 
end of the opening. The member 66 is held in 
place by screws or the like 6 so that the trap or 
clean-out cover member 66 may be readily re 
moved for cleaning purposes. 

In Order to provide for selection of the extent 
of image reproducing action at a given time, as 
neaSured lengthwise of the material M, the hous 
ing 3 is preferably provided with movable shut 
ter means adjacent the forward end thereof and 
at the rear of the electrode means 28. In the 
embodiment shown, the shutter means comprise 
a pair of movable blades 68 and 69 which are 
Slidably Suppoited in slots or recesses of the hous 
ing 2 for movement towards or away from each 
other. The Said blades or shutters extend longi 
tudinally of the housing and their outer ends ex 
tend through slots in the endplates 54, 55. The 
ends of these blades or shutters 68, 69 are shown 
as provided with right-angle flanges, such as F3 
and , respectively, which have a sliding en 
gagement With the outer Surfaces of the endplates 
54 and 55. These flanges 78, 7 each have an 
elongated slot, such as 22 and 73, therein through 
Which extend clamping screws 24 and 75, respec 
tively. The screws are threaded into the end 
plates 54, 55 and the construction is such that, 
When the screws it, 75 are loosened, the shutters 
or blades 63, 69 may be moved within their slots 
by means of their fanges and then clain ped in 
an adjusted position by again tightening the 
Screws 24, 25. The flanges and are prefer 
ably of such length that they overlie the oper 
ends of the slots in which the blades 8 and 3 
Slide When the Said blades are in their Outer host, 
or retracted positions, thereby sealing these open 
ings and preventing escape of the Smoke-la-den 
atmosphere therethrough. It will be understood 
that, when the blades or shutters 88, 69 are at 
their innermost positions, substantially as shown 
in Figs. 1 and 2, the Smoke in the housing cannot 
enter the Slots and hence there is no eScape Of 
Snoke from the ends of the slots even though the 
flanges 7 and do not overlay them at that 
time. 

It is frequently advantageous to provide a pre 
charge for the image receiving material Mi and 
also for the Smoke in the housing 2. for the 
purpose of precharging the material M, electrode 
means 23 is mounted adjacent the material at a. 
location internmediate the idler 8 and the hois 
ing 2:... The precharge for the Smoke is provided 
by a Wire or rod 7 extending longitudinally of 
the housing 22 adjacent the fans 5. The elec 
trode 2 is insulated from the housing and is COIl 
nected to the power pack 32 through a reversing 
SWitch 8. The electrode means S is also con 
nected to the power pack 32 through a reversing 
switch, this connection being made in the illus 
trated embodiment by a wire 29 connecting the 
electrode means to one-half of the double pole 
switch 8. The electrical potentials applied to 
the precharge electrodes 6 and ; ; are of lower 
values than are applied to the transfer electrodes 
25 and 28, the former preferably being in the 
order of one-half the latter. The polarity of the 
potential applied to the electrode 6 should al 
ways be the same as that applied to the elec 
trode 23 and the potential applied to the elec 
trode 77 should be the same as that applied to the 
electrode 28. Therefore, the reversing SWitches 
33 and 73 are preferably ganged together for si 
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multaneous operation, as is indicated in Fig. 4. 
In operation of the apparatus shown in FigS. 1 

through 3, the sheet material M upon which 
images are to be reproduced is threaded through 
the drier 5, if the latter be used, then between 
the static eliminators S, T to the idler roller 3. 
The material is then carried partially about the 
roiler 8 and threaded between the housing 2 
and a portion of the image cylinder 9, and thence 
between the cylinder and the idler 20. After 
passing between the cylinder 9 and the roller 29, 
the material M is passed through static elimina 
tors 2, 22 to either a correspondingly constructed 
apparatus, if a multicolor process be employed, or 
to suitable mechanism for winding, Severing, or 
otherwise handling the completed material, if 
but a single color process is utilized thereon. 
The cylinder 9 will, of course, have been pre 
pared so that its surface is provided with electri 
cally conductive portions corresponding with the 
image to be reproduced, the non-image areas hav 
ing insulating material thereon. So that electrical 
lines of force can extend only through the image 
areas and do not extend through the non-image 
area.S. 
The material from which the smoke is to be 

follmed is selected in accordance with the par 
ticular color utilized and is introduced into the 
tube 38. The electrical arc is then established 
between the electrodes 36, 37 and air or other 
suitable combustion Supporting gas in introduced 
through the conduit 40 at a regulated rate as 
determined by the setting of the waive 42. When 
each of the combustion chambers 35 has thus 
been placed in operation, the valves 49 and 3G al'e 
adjusted to produce the desired density of Smoke 
flowing into the chamber 27 and Some or all of 
the motors 52 are placed in operation. All of the 
motors 52 are energized when a uniform density 
of Smoke is desired within the housing 27, only 
selected ones of the motors 52 being energized 
when bands of lighter and denser smoke are de 
sired in the housing. The shutters or blades 68, 
a 9 Will have been adjusted to provide a desired 
opening therebetween thereby regulating the loil 
gitudinal portion of the material M which is to 
have the image reproduced thereon at a given in 
stant of time, this being determined in accord 
ance with the diameter of the image cylinder, the 
nature and shape of the electrodes, Such as 24, 28 
employed thereWith, the type of image being pro 
duced, the nature of the material, etc. The shut 
ters 68, 69 also regulate the density of the image 
formed to a certain extent, since a narrower 
opening will generally provide a more dense de 
posit than Willa, Wider opening. 
With the apparatus thus Set up, electrical po 

tentials of opposite polarity are applied to the 
electrodes 24 and 28 from the power pack 32, the 
switch 33 being positioned so that the respective 
polarities are proper for the nature of the Smoke 
employed. The potential difference between the 
electrodes 28, 24 creates an electrostatic field 
Which causes the Smoke particles or components 
to move towards and be deposited upon the image 
receiving material. It will be understood that 
the lines of force or intensity of the electrostatic 
field are concentrated opposite those conductive 
portions of the cylinder 9 positioned between 
the electrodes 24, 28 so that the movement and 
depositing of the smoke particles occurs only op 
posite Such conductive portions of the cylinder 
iS and does not occur opposite the non-con 
ductive portions. Since the cylinder 9 is rotated 
and carries the material M therewith, the vari 
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ous conductive and non-conductive portions of 
the cylinder sequentially pass between the elec 
trodes 24, 28 with the result that the image upon 
the cylinder is progressively formed upon the 
image receiving material. In addition to the 
other controls mentioned, such as valves 42, 49, 
50, motors 52 and shutters 68, 69, the speed of the 
cylinder f9 and the value of the potential differ 
ence between the electrodes 24 and 28 will also 
affect the density of the deposit of Smoke in the 
form of an image upon the image receiving ma 
terial. Hence, by selecting suitable values for 
these and the other variables, images of any de 
sired density may be formed. 
As mentioned heretofore, the material M may 

be dried, as by means of a heating type drier 5, 
to drive off moisture in the material if the latter 
should contain a sufficient quantity thereof to in 
terfere with the reproduction proceSS aS, for ex 
ample, when the climatic conditions are relative 
ly humid. The static eliminators 6, 7 remove 
any charges that may arise or be imparted to 
the material due to the handling thereof and 
after such stray charge removal the material is 
preferably provided with a precharge prior to its 
introduction into the image producing ZOne by 
means of the precharge electrodes 76. This pre 
charge is of predetermined amount and is of the 
same polarity as that upon the electrode 24. Also 
the Smoke-laden atmosphere in the housing 2 is 
preferably precharged by the rod or wire 77 which 
has the same polarity as that of the electrode 28. 
This precharging of the material M and of the 

Smoke circulating within the housing 2 facili 
tates the depositing of the Smoke particles in 
image areas upon the material M by the electro 
static field as the material moves past the open 
ing of the housing 27. This transfer of the par 
ticles, such as Soot or the like, by the electro 
Static field causes the particles to be deposited 
not only upon the Surface of the material M but 
also in the spaces between the fibres or pores 
thereof so as to form an integral part of the ma 
terial. Hence, the resulting image cannot be re 
moved by rubbing and does not Smudge as Would 
normally be expected of smoke particles which 
are simply deposited upon the surface of the ma 
terial. 
The material thus provided with an image in 

a Selected color, then passes through the charge 
Or Static eliminators 2, 22 to remove any elec 
trical charge remaining thereon. If a multi 
Color image is desired, the material may then be 
paSSed Sequentially through similar apparatus 
in each of Which the combusted material 39 is of 
a type to provide the desired next color applied 
to the material, the procedure being repeated for 
each selected color to be utilized, as is well known 
in the printing art. An important difference is 
to be noted, however, in that when employing 
the procedure and apparatus of this invention, 
it is not necessary to dry the material between 
color applications and before it is introduced 
into the next succeeding apparatus for inpart 
ing a different color thereto, thereby eliminat 
ing expensive equipment, removing dangers of 
fire or other hazards, and greatly decreasing the 
cost of the equipment. Furthermore, since the 
particles of Smoke, which are employed in forma 
tion of the image are generally microscopic in 
Size, the resulting image is much sharper in out 
line and can be denser and more uniformly col 
ored than when printing or image formation is 
effected by other known processes, these differ 
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ences being readily apparent to the eye but being 
especially obvious under magnification. 
The procedure of this invention may likewise 

be performed by means of an apparatus con 
Structed in a manner similar to that illustrated 
in FigS. 5 through 11. In this form of the appa 
ratus, the naterial M is led about an image re 
ceiving cylinder 9 which is constructed in a simi 
lar manner to the cylinder 9 of the previously 
deScribed form of the apparatus and functions 
in the same manner. The material M is main 
tained in contact with the surface of the cylin 
der 9, to be carried thereby through the image 
producing Zone, by idler rolls f 8 and 2 which 
are identical with those previously described but 
are positioned at slightly different points about 
the periphery of the cylinder 9 due to the differ. 
ent shape of the apparatus. Likewise, the in 
stant form of the apparatus may employ a heater 
type drier, such as S, static eliminators 6 and 
fl, and a precharge electrode 6 for the material 
M prior to its introduction into the image pro 
ducing Zone. Also, charge eliminators such as 
21, 22 may be utilized adjacent the material IM 
as it proceeds from the image producing Zone to 
thereby remove any electrical charges remaining 
upon the material. 

In the instant form of the apparatus the cyl 
inder 9 is rotatably mounted adjacent an open 
ing of a housing, generally designated 83. This 
housing is preferably formed of a plurality of 
hollow portions each of which is preferably poly 
gonal in cross section with the several portions 
connected to provide a closed circulating path 
for Smoke or the like. Thus, the housing has lon 
gitudinal portions extending parallel with each 
other and parallel with the axis of the cylinder, 
the tWO portions being separated from each other 
along their length by a closed wall but commu 
nicating at the ends through a corresponding 
polygonally-shaped connected end portion, see 
Figs. 5 and 8. The forward channel or portion 
8 of the housing 80 is that which cooperates 
With the image cylinder 9 and therefore the 
Outer longitudinal side of this portion of the : 
housing is open, the space thus provided being 
filled by the cylinder 9 and by longitudinally 
extending exhaust channel members 82 and 83 
extending the entire length of the cylinder. 
These members 82, 83 are each mounted upon 
Similar longitudinally extending plates 84, 85, re 
Spectively, which plates are pivoted by hinges 
86, 8 to plate members 88, 89 respectively. The 
plate members 88, 89 are in turn pivoted by 
hinges 90, 9 to the top and bottom plates 92, 93 
Of the channel or portion 8 for the housing 80. 
The ends of this portion 8 of the housing are 
formed, in part, by forwardly extending plate 
members 94, 95 which extend closely adjacent 
the ends of the cylinder 9 in overlapping rela 
tionship thereto, the plate members having cen 
trally disposed forwardly directed openings with 
in Which the bearings and/or a portion of the 
driving means for the cylinder 9 are freely re 
ceived. The portions of the plate members 94, 95 
On either side of the central openings extend 
adjacent the periphery of the cylinder 9 and 
prevent the escape of the Snoke-laden atmos 
phere from the housing 80 at this point. Any 
Smoke which tends to escape between the plate 
members 94, 95 and longitudinally of the cylin 
der 9 is collected in the channels or troughs 82, 
83 and conducted therefrom through the conduits 
96, 9 which are connected to a suitable chimney 
Or means for providing a partial vacuum. 
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The plate members 94, 95 are formed of in 

Sulating material and are stationarily mounted, 
for example upon the Supporting frame for the 
cylinder 9, the plate members being slidable 
Within guide members 98, 99 which are substan 
tially U-shaped in section, with one leg thereof 
longer than the other, this longer leg being dis 
posed adjacent the inner side of the plates as 
will be apparent from Figs. 7 and 8. The plates 
94, 95 also provide the mounting for the ends of 
the bars forming the electrode 28, the latter being 
mounted in Substantially the same manner as de 
scribed with respect to Figs. 1 and 2. Conse 
quently, the inner leg of each of the members 98, 
99 has a recess which includes a Substantially 
arcuate portion, Such as indicated at 00 in Figs. 
5 and 6, so as to clear the electrode 28. Both 
legs of the members 98, 99 have sufficient length 
so that the entire housing 80 may be moved away 
from the cylinder 9, or to the left as shown in 
Figs. 5 and 6 from the position indicated in the 
former figure to a position similar to that indi 
cated in the latter figure, this movement being 
effected Without, however, interrupting the seal 
provided by the plates 94, 95 within the members 
98, 99 carried by the housing. This adjustment 
is provided for the purpose of enabling cylinders 
9 of different diameters to be utilized and/or 

to employ different areas of image reproduction 
On a given cylinder, the hinging of the exhaust 
channels or members 82, 83 enabling the latter 
to be maintained in close proximity to the cylin 
der 9 even when the housing has been moved 
rearwardly as is indicated in Fig. 6. 
The rear branch or portion of the housing 

8) has a shaft G2 extending longitudinally 
therethrough on which are Supported fans or 
impellers, such as f03, for moving the Smoke 
laden atmosphere through the housing portions 
0 and the connecting end portion 4 into the 

forward portion or branch 8? and thence back 
through the other connecting end portion 05, 
as indicated by the circulation arroWS in Fig. 8. 
This provides an endless path for the Smoke 
laden atmosphere which is introduced into the 
portion or branch in a manner about to be 
described. The shaft 02 may be rotated by any 
suitable means and for this purpose the shaft is 
shown as journalled in Suitable bearings carried 
by the housing 80 with one end of the shaft being 
provided with a pulley 06 exteriorly of the hous 
ing to which a belt from a suitable motor or the 
like may be connected. 
The Smoke-laden atmosphere, which is em 

ployed for the image reproduction and which is 
introduced into the housing 80, may be provided 
by means similar to that shown in Figs. 1 through 
3. In the instant form of the device, however, 
a Somewhat different form of Combustion means 
is provided and which can be utilized for employ 
ing powdered material without having the latter 
in stick or cartridge form. As will be seen from 
Figs. 5, 8, and 10, the portion or branch of 
the housing 80 is provided substantially centrally 
thereof with a connecting chamber formed in a 
housing or conduit member 97 and this chamber 
or housing is provided adjacent the rear thereof 
with a suitable heater Such as an electric resist 
ance heater 8. Supported upon the rear of 
the housing C by suitable bracket or support 
means 09 are a plurality of hoppers O for con 
taining the Smoke producing material. These 
hopperS each preferably converge towards a, bot 
tom outlet in which is journalled a feeding screw 
Such as that may be rotated by any suitable 
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means. In the present: form of the device, each 
of-the-screws if f is shown as provided with an 
outwardly extending shaft portion on which is 
mounted a pulley. i2.so, that the feed screws if 
may be rotated individually or jointly either by 
hand or by Suitable mechanism conected with the 
pulleys. The screws it may, if desired, be used 
alternatively or in predetermined timed relation 
with each other depending upon the type of ma 
terial employed to produce. a smoke. Of the desired 
characteristics, For example, one hopper may 
contain a material productive of one color, while 
the other hopper may contain a material produc 
tive of a different colored Smoke, the exact color 
produced, being dependent upon the relative 
amounts of the two materials fed from each of 
the hoppers in a given interval of time. The naa 
terial fed from each hopper falls upon the upper 
Surface of the heater '08 and is there. Subjected 
to combustion, Supporting, gas or gases Such as 
air or the like which are introduced into the hous 
ing for through a tube. 3...so that the material 
from the hoppers is: partly combusted or burned 
to produce: the previously-mentioned Smoke. The 
tube. 3 may be provided with any suitable means 
for controlling the flow of air or other fluid there 
through, Such as a Suitable valve 4. Similar to 
those-indicated at 42-in Fig. i. 
The smoke thus produced within the housing 
07 is moved through the latter and into the 

housing 80 by means of a fan or impeller 5 
Which is Supported and rotated Within the hous 
ing 07 by a suitable motor 6, the latter being 
mounted by radially directed brackets such as 
f which freely permit the flow of smoke there 
past. The Smoke-laden atmosphere entering the 
branch Ot of the housing 80 is circulated 
through the latter and the portions 04, 8 and 
95 of the housing in a closed path, as previously 
mentioned, so that the:Smoke paSSes adjacent the 
electrode 28 over the entire length of the cyl 
inder 9, Therefore, the application of electri 
cal potential between the electrodes. 24 and 28 
acts, as in they previously described embodiment, 
to produce an electrostatic field of force extend 
ing through the conductive portions of the cyl 
inder 9 causing smoke-laden particles to be 
transferred to the image receiving material M in 
configurations corresponding With the image 
upon the cylinder 9, the Operation in this re 
spect being the same as that previously described. 
The lower portion of the branch 8 of the hous 

ing 80 has a plurality of spaced openings- 8 in 
the lower wall thereof and a receptacle 9 is at 
tached to this lower Wall of the housing. So as to 
close the openings 8 and provide a clean-out 
trap, the receptacle being held in place by. a. 
plurality of screws such as 20. Hence, any heavy 
particles of the Smoke which cannot be readily 
circulated through the portion 8 of the hous 
ing 80 settle into the receptacle. 9 and are pe 
riodically removed by removal of the member S. 
The branch 0 of the housing 80 is likewise 

provided with a plurality of openings 2 which 
are similar, to the openings 8. In addition, the 
lower portion of this... branch of the housing is 
provided, adjacent the end portion 05, with an 
enlarged rectangular opening. 22, the latter pref 
erably having a screen or foraminous covering 
23 thereover. Below, the openings 2, 22 is 

provided a receptacle. 24 which is removably se 
cured to the housing 80 by screWS or the like 25 
in the same manner as the receptacle 9 there 
by enabling the receptacle to be readily lenoved 
to clean the latter of relatively heavy particles 
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which settle, therein through the openings 2 ?. 
The receptacle 24 differs somewhat, however, 
from the receptacle. 9 in that the former is 
provided with an exhaust-conduit connection 26 
which is connected to the receptacle and com 
municates with the interior thereof substantially 
below the screened opening 22. The previously 
mentioned exhaust conduits 96, 97, connected with 
the channels, or trough 82, 83 cooperating with 
the cylinder 9, are preferably connected with 
the exhaust conduit.or. duct 26 and the latter is 
led to a suitable chimney or exhaust means which 
may employ a Suction fan or the like, not shown. 
The partial. vacuum or suction applied to the 
conduit. 26 is preferably. Such that the Smoke 
laden atmosphere : introduced into the housing 
80 is normally allowed to circulate a plurality 
of times in a closed path before any appreciable 
part thereof is withdrawn through the screened 
Opening 22, the amount of gas removed from the 
housing 80-being Substantially equal to the vol 
une which is, introduced into the housing due to 
the introduction of air or the like into the hous 
ing 07 to Support the combustion therein. This 
latter quantity of air. may, as previously men 
tion, be controlled by the valve 4 and also by 
the Speed of rotation of the motor 6 which 
drives the fan 5. The speed of circulation of 
the Smoke-laden atmosphere within the housing 
may be controlled by the speed at which the shaft 
02 is driven so that the desired degree of stir 
ring of the Smoke-laden atmosphere is produced 
to give the prerequisite density. 
The electrodes 24 and 28., are connected to a 

Suitable. Source 32 of direct current electrical po 
tential through a reversing. Switch 33, see Fig. 4, 
in the. Same manner. as are the corresponding 
electrodes in the form of the-device shown in 
Fig. 1. Likewise, the precharge electrode 76...for 
the material M, which preferably, is supported 
by the plates. 94, 95, is...connected to the power 
pack through a Second reversing switch 78, as in 
the previously described form of the apparatus, 
and a precharge potential may also be connected 
to a precharge electrode. TT located within the 
branch 8 of the housing.80 and extending lon 
gitudinally thereof... As in the previous form of 
the apparatus, the polarity of the potential ap 
plied to the electrode 24 is the same as that ap 
plied to the precharge electrode 76 and the po 
larity, applied to the electrode. 28, is the same as 
that applied...to the electrode. Tl. These polari 
ties may, however, need to be reversed for cer 
tain types of Smoke producing material. and/or 
image receiving material and this as well as the 
Corresponding... necessary reversal of the pre 
charge potential polarities can be easily, effected 
by the reversing Switches 33 and 78. 
The operation of an apparatus constructed as 

just described is in accordance With the previously 
mentioned principles. and hence need not be set 
forth here in detail. . Suffice, it to note that the 
material. upon which the image is...to be. repro 
duced is led through the machine by the image 
carrying, cylinder. 9. in intimate contact. With 
the latter as in the previous:form of the appara 
tus, the material. being dried, if necessary, and 
the Static charges thereon removed, as previously 
described. The housing., 80. is adjusted towards 
Or away from the-cylinder 9 depending upon the 
diameter of the latter and/or the desired seg 
mental, portion...thereof to be utilized in the 
operation, this adjustment being effected by mov 
ing the entire housing 80 relative to the cylinder 
f9. In all relative positions of the housing and 
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cylinder, however, a seal is maintained at the 
end of the chamber 88 by virtue of the sliding 
of the plates 94, 95 within the members 98, 99, 
the upper and lower portions of the housing hing 
ing, as indicated in FigS. 5 and 6, to enable the 
troughs or channels 82, 83 to cooperate With the 
particular cylinder or segment thereof employed. 
The materia, which is used to form the Smoke 

is introduced into the hoppers and the heater 
G8 is provided With electrical energy to heat 

the latter to the desired temperature for partial 
combustion of the materials fed from the hoppers 

by rotation of the Screws . The density 
of the Smoke produced is a function both of the 
rate of feeding of the material and of the supply 
Of Combustion Supporting gas such as air through 
the pipe 3. The Supply of the gas, such as air, 
may be controlled both by regulation of the valve 
E 4 and by the Speed of rotation of the motor 
6 so that a smoke of desired volume and density 

is procured. This Smoke is circulated within the 
housing 8, by the fans 03 so that Smoke is 
Ought adjacent the eintire Width of the material 

M over the length of the cylinder 9 for transfer 
Of the paliticles of the Snoke to the material. M 
and imbedding therein at the areas representing 
the image portions of the cylinder and at which 
electroStatic lines of force are established between 
the electrodes 24 and 28. 

It Will be apparent that the chief difference 
in the Operation of this form of the device over 
that ShoWn in FigS. 1 to 3 resides in the manner 
in Which the Smoke is produced and also in the 
fact that, in the instant case, the Smoke is cir 
culated parallel with the axis of the cylinder, 
Whereas in the form of the apparatus shown in 
Figs. 1 to 3, the Smoke is circulated in a cylindrical 
path, the axis of which is parallel with the axis 
of the cylinder so that the individual Smoke par 
ticles circulate in paths at right angles to the 
axis of the cylinder. OtherWise, the operation of 
the two forms of the apparatus is Substantially 
the same and hence the operation of this embodi 
Innent need not be further described, it being 
noted, however, that this form of the apparatus 
inay likewise be employed for multicolor opera 
tions by utilizing a plurality of devices operating 
Sequentially upon the image receiving material, 
as previously described. 

In place of employing the Smoke producing 
means shown in either Figs. 1 or 5, 8 and 10, the 
Smoke may be produced by similar or any other 
Suitable means at a point renote from the Snoke 
transferring apparatus and stored in Suitable 
Containers fron which it is then introduced into 
either the housing 2 of the apparatus shown in 
Figs. to 3, or into the housing 8) shown in 
SigS. 5 to 11, thereby eliminating the Separate 
coroustion means illustrated. When utilizing 
certain types of smoke producing material and/or 
Whe the image receiving material has Surface 
characteristics or porosities Such as not to readily 
allow imbedding of the Smoke particles, adhesive 
yl oily materials may be introduced into the 
Smoke-laden atmosphere in the form of very 
is vapor or nist for circulation. With the Smoke. 
This may, for example, be effected by attaching 
Suitable vapor Supplying means to the tubes 48 or 
: 3, respectively, of the two forms of the appa 
ratus. As nientioned heretofore, the apparatus 
and procedure inay also be used to produce a 
coating or deposit upon Web material by simply 
not providing an image upon the cylinder 9 so 
that the electroStatic field is uniforn throughout 
the Width of the material. Other variations and 
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adaptations of the method and apparatus of this 
invention may be readily devised by those skilled 
in the printing and associated arts after having 
had the advantage of this disclosure and, con 
Sequently, the Specific steps of procedure and 
details of Construction herein illustrated and de 
Scribed are to be considered simply as illustrative 
of the invention and not as limitations thereof. 

Having thus described the invention, claim: 
... the inlethod of producing an image upon 

iinage receiving material which comprises creat 
iing an electrostatic field of force extending 
through the Said material with the lines of force 
of Said field arranged in accordance with the 
Configuration of the image to be produced, creat 
iing SIC ke by coRabustion of a Smoke producing 
S. ince at a region remote from said field of 
force, and conducting the Smoke into the region 
of influence of said field of force adjacent that 
Surface of the Said material on which the image 
is to be produced while the material is in said 
field, thereby causing the solid particles of said 
Sinoise to be deposited upon the image receiving 
i:;aterial by the said lines of force. 

2. The method as defined in claim 1 and fur 
their comprising controlling the volume of com 
bustion Supporting gas supplied to said Smoke 
producing nate:rial while combusting the latter 
thereby regulating the density of the said Smoke. 

3. The method of producing an image in color 
Upon image receiving material which comprises 
creating an electrostatic field of force extending 
transversely through the said material With the 
lines of force of Said field arranged in accordance 
With the configuration of the image to be pro 
duced, providing a plurality of quantities of 
Opaque l'OductS Of conbustion in the form of 
Simoke each having a different color, mixing 
Selected ones of said quantities of Simoke to pro 
duce a color corresponding With that in which 
the inhage is to be produced, and Supplying the 
mixed Smoke into the region of influence of said 
field of force adjacent that Surface of the said 
lateria. On Which the image is to be produced, 

thereby causing the Solid portion of Said Smoke 
to be deposited upon the in age receiving nate 
Irial by the said, lines of force. 

4. An apparatus for repeatedly producing an 
image upon a Web of image receiving material 
comprising a housing having an elongated open 
ing in one side thereof, a hollow rotatable image 
cylinder Supported adjacent Said housing With a 
portion of the Surface of Said cylinder positioned 
Within Said opening and Substantially closing the 
latter, means to adjust the effective area of said 
opening, the Surface of the cylinder including 
conductive image portions and non-conductive 
portions representing non-image areas, electrode 
neans Stationarily Supported. Within Said cylin 
der, electrode means Supported in said housing 
adjacent the Surface of said cylinder but Spaced 
therefron, mean S causing the in age receiving 
material to move in timed relationship with said 
cylinder in a path extending between the Surface 
Of Said cylinder and the said electrode means 
Within Said housing when the said cylinder is ro 
tated, means for supplying Smoke to said housing 
thereby creating an atmosphere of Smoke about 
the electrode means in said housing, and means 
for Supplying electrical energy of opposite polar. 
ity to Said electrode means for creating an elec 
troStatic field of force therebetween through 
Which the iKnage receiving material and the Sur 
face of Said cylinder move whereby the image is 
progressively Sequentially formed by the deposit 
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ing of Smoke components upon the moving na 
terial under the influence of the Said electro 
static field the lines of force of which are Sequen 
tially arranged in accordance with successive por 
tions of such image by the passage of the Said 
conductive and non-conductive portions of said 
surface through the said field. 

5. An apparatus as defined in claim 4 and in 
which the means to adjust the effective area of 
the opening in Said housing Comprise Shutter 
means supported by said housing adjacent Said 
opening for movement transversely of Said open 
ling. 

6. An apparatus as defined in claim 4 and in 
which the said housing is movable towards and 
away from Said cylinder and the Said means to 
adjust the effective area of the Said opening com 
prise hingedly Connected members extending 
longitudinally of Said housing as extensions there 
of and adapted to be moved relative to each other 
and generally transversely of said opening. 

7. An apparatus for repeatedly producing an 
image upon a Web of innage receiving material 
comprising a housing having an opening in one 
side thereof, a hollow rotatable image cylinder 
Supported adjacent Said housing With a portion 
of the surface of said cylinder positioned within 
said Opening and substantially closing the latter, 
the Surface of the cylinder including conductive 
image portions and non-conductive portions & 
representing non-image areas, electrode means 
stationarily Supported Within Said cylinder, elec 
tl'Ode meanS Supported in Said housing adjacent 
the surface of said cylinder but spaced there 
fron, means for causing the image receiving 
material to move in tilined l'elationship with 
Said cylinder in a path extending between the 
Surface of said cylinder and the said electrode 
means Within Said housing when the said cylin 
der is rotated, means for creating products of 
combustion in communication. With Said housing 
for providing an atmosphere of Said products in 
the form of Smoke in Said housing, and means for 
supplying electrical energy of opposite polarity to 
Said electrode means for creating an electroStatic 
field of force therebetween through which the Web 
material and the Surface of said cylinder move 
whereby the image is progressively sequentially 
formed by the depositing of opaque Snoke con 
ponents upon the moving material under the in 
fluence of the said electrostatic field the lines of 
force of Which are sequentially arranged in ac 
cordance with successive portions of such image 
by the passage of the Said conductive and non 
conductive portions of Said Surface through the 
Said field. 

8. An apparatus as defined in claim 7 and 
Wherein the said Smoke creating means include 
a heat producing means, means for Supplying 
Smoke producing means to said heating means 
and means for supplying combustion supporting 
gas at a Controlled 'ate. 

9. An apparatus as defined in claim 7 and 
Wherein the Said Smoke creating means include 
separate supply containers for different combusti 
ble materials productive of different colors of 
Smoke, heating means, and Separate feeding 
means for each of said containers to effect con 
trolled delivery of Smoke producing material to 
the Said heating means. 

10. An apparatus as defined in claim 7 and 
Wherein the said Smoke creating means include 
a plurality of separate combustion chambers, 
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means in each of Said chamber's for producing 
Smoke by partial combustion of Smoke producing 
material, and means for conducting the Smoke 
from Said chambers to Spaced points in Said hous 
ll. 

11. An apparatus as defined in claim 7 and 
further comprising means for circulating the 
Snoke including fan means positioned Within 
said housing to circulate the Said Smoke in a sub 
Stantially closed path therein. 

12. An apparatus as defined in claim 7 and 
further comprising means for circulating the 
Smoke including fan means positioned within 
Said housing and directed to circulate the said 
Smoke in a Substantially closed path the axis of 
which extends substantially parallel with the axis 
of Said cylinder. 

13. An apparatus as defined in claim 7 and 
further Comprising means for circulating the 
Smoke including a plurality of fans mounted 
Within said housing with their axes directed 
transversely of the axis of said cylinder and a 
Separate motor for driving each fan whereby the 
circulation of the Smoke adjacent different areas 
of the portion of the image receiving material 
Within the housing may be varied. 

14. An apparatus as defined in claim 7 and 
further comprising means for circulating the 
Sinnoke including fan means within said housing 
disposed with the axis thereof extending sub 
stantially parallel with the said opening whereby 
the Smoke is circulated adjacent the said image 
receiving material in a path extending trans 
versely of the direction of movement of the na 
terial. 

15. An apparatus as defined in claim 7 and 
Wherein the Said housing is provided with means 
for removing a portion of the Smoke from said 
housing after circulation therethrough. 

16. An apparatus as defined in claim 7 and 
further comprising means for applying a partial 
Vacuum adjacent the edges of said opening which 
extend longitudinally of said cylinder to prevent 
eScape of Smoke from Said housing and entrance 
of air therein. 

17. An apparatus as defined in claim and 
further comprising means to regulate the density 
Of the Smoke Supplied to said housing. 
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