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ELECTROLYTIC PROCESSINGAPPARATUS 

Clarence W. Hangosky, East Lansing, Mich., and 
Carl S. Hornberger, Gien Ellyn, Ill., said Hora 
berger assigner to Central Scientific Company, 
a corporation of Illinois 

Application November 8, 1946, Serial No. 708,580 
(C. 204-229) 6 Claims. 

Our invention relates to improvements in a 
process and apparatus for electrolytically treat 
ing metal Surfaces with special reference to elec 
trolytically polishing and etching the Surfaces 
of metallurgical samples and other objectS, the 
general process and apparatus having been dis 
closed in U. S. patent applications Serial No. 
548,841 filed August 10, 1944, now abandoned, and 
Serial No. 697,765 filed September 18, 1946 in the 
name of Clarence W. Hangosky, the discloSures 
whereof, in so far as consistent herewith, being 
hereby incorporated and made a part hereof by 
reference. 
An important object of our invention is the 

provision of a compact and efficient apparatus 
which, even in the hands of a relatively unskilled 
operator, will Safely and consistently reproduce 
polished and etched surfaces of a Superior char 
acter on many metals and alloys. 
Further objectives include the provision of novel 

means for Safely eriploying COmbustible or ex 
plosive reagentS, for Supplying various necessary 
electric currentS having predetermined charac 
teristics, and the provision of a new and in 
proved cathode structure adapted to increase the 
quality of the etched or polished surface. 
Other objects and advantages will become ap 

parent from the following Specification and froin 
the drawings in Which 

Figure 1 is a perspective view of our assembled 
device; 

Figure 2 is a partially sectioned view of the 
processing unit of our device together with a por 
tion of the housing therefor; 

Figure 3 is a partially sectioned perspective view 
showing the relative disposition of the compo 
nents; 

Figure 4 is a partially sectioned top view of our 
processing unit; 

Figure 5 is a Section taken along the lines 
5-5 of Figure 2; 

Figure 6 is a partially sectioned top view taken 
along the lines 6-6 of Figure 2; 

Figure 7 is a partially sectioned top view of a 
clamping device; 

Figure 8 is a circuit diagram of the current 
Supply and control means; 

Figure 9 is a perspective view showing the 
processing unit removed; 

Figure 10 is a vertical section of an explosion 
Safety device; and 

Figure 11 is an enlarged section of an object 
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Support and aSSociated Structure illustrated in 
Figure 2. 
To obtain Satisfactory and reproducible elec 

trolytically polished and/or etched surfaces, par 
ticularly on metallurgical Samples, it has been 
found necessary to control not only the current 
but also the character of the interface between 
the electrolyte and the sample or metal object 
which constitutes the anode of a Suitable electric 
circuit, 
In the present invention we obtain Satisfactory 

Control of the interface by supporting the Sam 
ple or object to be treated over an aperture into 
which is directed a fountain of electrolyte carry 
ing the etching or polishing current. The stric 
ture of our device and the arrangement of the 
Component parts is such that there is imparted 
to the fountain of electrolyte at the point of 
contact With the sample a low and Substantially 
even cross-sectional velocity which is character 
ized in free flow (i. e., when the sample is re 
moved) by a substantially flat crest, and which 
provides means for uniformly and continuously 
eliminating from the interface bubbles formed 
during the process. Since Some of the nost dic 
Sirable reagentS used in the preparation of elec 
trolytic solutions are inflammable, corrosive and, 
in some instances, explosive, we have incorpo 
rated mechanical and electrical safety devices in 
Conjunction with a novel electrical circuit to pre 
Vent accidental ignition or detonation of the elec 
trolyte thereby allowing the practical use of these 
materials. 

General Organiadition. 
These and other features have been embodied 

in a compactly arranged unit having a novel 
Cabinet Which houses the necessary regulating 
and Supply neains and provides convenient sep 
aration of the processing unit from the current 
Supply apparatls when desired. The general 
Organization and relationship of parts is best 
illustrated in Figures 1, 3 and 9, from which it 
may be seen that the processing unit, generally 
designated 25, includes frame 2 having parallel 
horizontal members 23 formed of angle iron or 
the like. A main cabinet frame, generally des 
ignated 2, includes a pair of horizontal angle 
iron members 29 Spaced to receive and slidably 
SUpport the processing unit 25 by engagement 
With members 28 of the processing unit frame 2. 
When a SSembled, the processing unit 2) is re 

movably Supported between left and right side 
housings 24 and 26, and in front of a nain hous 
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ing 22. An easel 23 extends upwardly from the 
main housing 32 above the processing unit 2, 
and in combination with the main housing 22 
encloses a majority of the current Supply and 
control apparatus. An apron 48 is interposed 
between the processing unit 2) and the main 
housing 22, and extends outwardly beneath the 
processing unit 29. 

All of the elements essential to electropolishing 
or etching metal surfaces, except for current 
Supply or control means, are included in the 
processing unit 23, which may therefore be easily 
removed from the cabinet by sliding the unit out 
wardly along the horizontal angle member 29 
until free. This permits movement of the proc 
essing unit to practically any desired location 
for cleaning, inspection or use, power being Sup 
plied by fiexible leads from the cabinet or other 
suitable source. Cooling water, if required by the 
nature of the electrolyte enployed, can be con- 2 
ducted to the unit by flexible hose, but this is not 
aiways neceSSaly. 

Processing unit in general 

A horizontal plate 3 of insulating material 
such as plastic or glass extends over the top of 
frame 2i and is surfaced with a Suitably formed 
strip 32 of stainless steel. Other materials may, 
of course, be employed but due to the corrosive 
characteristics of reagents ordinarily employed 
in the process, materials resistant to Such re 
agents should be Selected. 
A water jacket 33 of non-corrosive metal Such 

as copper is attached to the fraine. 2 by boltS 
38 extending through the frame 2 and through 
suitabie lugs 38, attached to the Water jacket. 33. 
The water jacket 33 is provided with an over 
flow spout 3 disposed adjacent its upper edge, 
a drain cock 38, and an inlet Spout 39. Which ex 
tends upwardly to the lip of the Water jacket, and : 
communicates with the interior through an open 
ing in the water jacket adjacent the bottom of the 
spout 39. A Suitably shaped basket 4, formed 
for example of metal strips, fits into the: water 
jacket 33 supporting a container 42 of non-cor 
rosive material such as glass in contact with the 
under end of plate 3 and in Spaced relation to 
the water jacket 33. A suitable gasket 43 may be 
interposed between the container 32 and the plate 
3. to form a tight Seal. 
the plate 3 and strip. 32 cornmunicates with the 
interior of the container 62 and is closed by a 
light, loosely fitting disk 45, which prevents evap 
oration but is easily blown off if detonation of 
the electrolyte should occur, or if excessive pres 
sire should otherwise develop within the con 
tainer. 
A Water pipe 34 (Figure 4) having a Valve 50 

(Figures i and 3) extends outwardly from the 
Gain housing into the processing unit 29 through 
an opening in a wall of a cup 46 and ter 
minates in an orifice 47 forming an upwardly 
directed water fountain conveniently disposed 
for Washing metal objects before or after proc 
essing. The botton of the cup. 45 is open and 
is disposed immediately over the spout 39 thus 
supplying cooling water to the water jacket 
33 around the container $2. Overflow from the 
Water jacket, 33 emerges from the overflow 3. 
and is caught by an apron 33 which forms the 
front section of the main housing. The bottom 
of the apron 38 is provided with a drain 53 Which 
Inay be connected with a sewer to dispose of the 
used cooling Water. The apron 8 extends for 
Wardly and upwardly beneath the processing unit 

An opening 46 through 
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5 tube 5 and the cylinder 

4 
26 in order to receive any electrolyte which might 
flow downwardly as a result of accidental frac 
ture in the container 62. 
A suitable cover 5 is provided with a lower 

fiange 53 having openingS loosely engaging pins 
52 secured to frame 2. Suitable detents are 
disposed on the cover to engage other members 
of the frame 2 for holding the cover in position 
in front of the processing unit 28. A deflector 54 
is attached to the inner Surface of the cover 5 
and protrudes into the Space between the apron 
48 and the lower surface of the water jacket 33 
in order to deflect into the apron any liquid which 
may drip down between the processing unit and 
the cover 5. 
A pump, generally designated Xtends 

downwardly fircna the plate 3 into the electro 
lyte container A2 and may include a cylindrical 
tube S. Supported by an upper cylinder plate 58. 
A propeller shaft 59 extends downwardly 
through the tube 5' and through an aperture 
6; in the upper cylinder plate 53 terriniinating 
in a four-Vaned impeller 62 which is. Surrounded 
by a cylindrical pump cylinder member 33. A 
tube 83 is attached to the pump cylinder to con 
duct electrolyte from the pump upwardly to a 
cathode 38. Cylinder 33 is closed by a bottom 
piate 3. having a Sinail drain 3 formed there 
in. Two or more rods 69 having heads ex 
tend upwardly through the lower plate 6, the 
upper plate 58, the plate 3i, and the strip 32 
holding the component parts of the pump to 
gether with the tube 2 in contact with the 
plate 3A. Rods 33 are notched above the strip 
32 as at to receive spring clips 72, which sup 
port the rods. - 
Openings 3 are formed in the tube 5 im 

mediately above the upper cylinder plate 53 to 
permit the entrance of liquid. The tube 5' may 
also be notched to receive one or more anti 
Vortex plates 26 which extend radially inwardly 
from the Wall of the tube to approximately the 
boundaries of the aperture 65 and serve to de 
Crease the turbulence of electrolyte. Within the 

3. Preferably the 

s 55, 

w 

joint between the plate 3A and the tube 5T is 
not gas tight and the level of electrolyte in the 
container is maintained above the upper limit of 
the openings 3 thus preventing entrainment of 
gas in the liquid passing through the pump. 
AS Will be apparent, liquid electrolyte is sucked 

into the pump tube 57 through the openings 73, 
and is then carried downwardly through the 
Opening 6 into the pump chamber where the 
impeller 62 forces the electrolyte with smooth 
even flow into the tube Sg. 
A cup-shaped processing chamber 6 having a 

Series of perforations. through the botton 
thereof is provided with a threaded axial open 
ing to receive the cathode 63. Both the cath 
ode 66 and the processing chamber S. may be 
formed of a Suitable metal such as lead, Monel 
metal, stainless steel, or the like, adapted to con 
duct an electric current and to resist the corro 
Sive effect of the electrolytic solution. The 
cathode 65 includes a threaded body having an 
upper fiange 8 which may be hexagonal to as 
sist in inserting or removing the cathode, and 
a nipple 9 which extends downwardly below the 
processing chamber 6 and fits loosely within 
the tube 63. An axial passageway Sf extends 
upwardly into the nipple S and the threaded 
body of the cathode 66 terminating in a series 
of passageways 82 formed in an integral boss 
83 which extends outwardly from the fiange 78. 
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A tube 84 of insulating material such as glass 
fits over the boSS 83 to conduct electrolyte up 
Wardly from the cathode. 
The passageways 82 may be three in number 

and are disposed at an angle to the axis of the 
tube 84 and to the axis of the passageway 8. 
Thus an electrolyte is pumped through the cath 
ode, any initial surge of liquid is directed against 
the walls of the tube 84 and not upwardly into 
possible temporary contact with an object S be 
ing treated. Since the upper end of the tube 
84 is disposed in close proximity to the metal 
object S, it is obvious that the tube 84 must be 
filled before electrolyte can contact the object. 
Furthermore, when the angle of the passageWays 
82 with respect to the axis of the tube 84 is be 
tween approximately 20 and 70 degrees, the We 
locity imparted to the liquid adjacent the walls 
of the tube 84 is increased thus aiding in over 
coming the inherent fluid friction adjacent the 
Walls and assisting in the production of a foun 
tain at the end of tube 84 which has a substan 
tially equal upward velocity in every portion of 
its cross section. In practice, we have found 
that an angle of approximately 45 degrees is 
generally satisfactory, although as the length of 
the tube 84 increases Sharper angles may be en 
ployed. While we prefer to employ a number of 
passageways 82, it is not to be understood that 
more than one is essential, nor is it essential 
that the passageways themselves be straight 
Since curved passageways adapted to produce a 
spirally upward movement of electrolyte in the 
tube is permissible provided a cross-sectional ve 
locity of the fountain is substantially constant. 

It should be noted that the fit between the 
nipple is and the tube 64 need not be tight and 
a certain amount of electrolyte may be permitted 
to fioW between the nipple and the tube in or 
der to eliminate any air which may be unin 
tentionally entrained therein by the pump 56. 
The surface of the boss 83 is preferably flat but 
may be slightly convex if desired. It is not es 
Sential that the Surface be Smooth or polished. 
Since the resistance of the electrolyte between 
the cathode 63 and the object S which usually 
forms the anode of the processing circuit affects 
the current fow, cathodes having bosses 33 of 
Varying heightS may be provided for insertion 
in the processing chamber 76 or the boss 83 may 
be removably attached to the cathode as by 
threads. 

Object support and clamp 

A disk 86 having an aperture 87 extends over 
the top of the processing chamber 76 resting on 
gaskets 85 which are in turn supported by the 
plate 3 and the Strip of stainless steel 32. The 
processing chamber 76 is held in position against 
the plate 3 by screws 88 extending into suitably 
tapped holes in the Walls of chamber 76. If de 
sired, a gasket 89, preferably of insulating mate 
rial such as rubber or plastic, may be interposed 
between the chamber 76 and the plate 3. Since 
the screws 88 are in contact with the metal strip 
32, it may be seen that an electrical contact is 
established between the cathode 66 and the strip 
32 through the chamber 76. 
A ring 9 is secured in position by screws 92 

extending through the ring and into the cham 
ber 75 and is provided with an inwardly extend 
ing flange 93 bearing against gaskets 87 thus 
holding the disk 86 in position. The side Walls 
of the aperture 87 taper upwardly, the minimum 
diameter of the aperture 87 at its upper surface 
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6 
being somewhat less than the internal diameter 
of the tube 84, which extends upwardly into 
close proximity but not into contact with the 
walls of the aperture 87. Channels 94 formed in 
the Surface of the disk 86 extend radially from 
the aperture 87 to drains 96 permitting electro 
lyte flowing from the channels to drain down 
Wardly through the perforations 77 in the bot 
tom of the processing chamber 76 into the con 
tainer 42 for recirculation. 

In the processing of a metal object, bubbles 
are generated at the interface of the fountain 
of the electrolyte and the object S which, if not 
removed, adversely affect the character of the 
etched or polished surface produced on the ob 
ject. The continuous flow of electrolyte out 
Wardly across the face of the object drives the 
bubbles outwardly and by entrainment with the 
electrolyte into the channels 94. Other en 
trained gas bubbles may follow the electrolyte 
eScaping between the upper edge of the tube 84 
and the walls of the aperture 87. 
A motor Support frame 97 is secured to the 

plate 3 and to the strip 32 by suitable means 
and is provided with a spring clip 98 which sup 
ports a motor 99 connected to the propeller 
shaft 59. The Support frame 97 includes upper 
and lower flanges O and G2 having aligned 
openings in which is disposed a plunger 03 
urged upwardly by a spring 04. The lower end 
of the plunger 03 contacts the plunger of a 
micro-switch 06 of the normally closed type 
mounted on the frame 97. An arm 07 having a 
horizontal leg 08 and a vertical leg f C9 rigidly 
connected as by screws 5 is disposed above the 
plate 3, the vertical leg 09 being pivotally se 
cured to an angle iron which is in turn se 
cured to strip 32. Horizontal leg 08 is a chan 
nel member extending outwardly over the motor 
99 and the motor support frame 97. 
A vertical tube it 2 extends through an open 

ing formed adjacent the outer end of the hori 
Zontal arm 08 and is provided at its lower end 
with an insulating plug f3 Suitably tapped to 
receive a contact Screw 4. An anode Wire 6 
is connected to the contact screw 4 and ex 
tends along the horizontal leg 08, terminating 
in a plug connector f. The tube 2 is secured 
in place by a pair of Suitably shaped dogs 8 
disposed in the horizontal leg 98. One of the 
dogs 8 is threaded to receive a rod 9 Which 
extends through the other dog terminating in an 
exposed knob i. 2, as seen in Figure 7. Rotation 
of the knob 2? thus causes the dogs 18 to grip 
or release the tube 2 thereby permitting it to 
be raised and lowered as desired in order to bring 
the contact screw 4 to a point adjacent the ob 
ject S interposed between the contact screw 4 
and the disk 86. 
A transverse shaft 22 is journalled in the 

horizontal arm 08 and is provided with a rigid 
external handle f 23 adapted to produce rotation 
of the shaft 22. A generally rectangular cam 
24 having a rounded corner 90 is secured to the 

shaft 22 and disposed to engage the plunger 93 
operating the Switch 06. The width of the cam 
24 is somewhat greater than the diameter of 

the plunger 03 so that in the absence of an ob 
ject S, the weight of the arm DT is transmitted 
through the cam f24 to flange it, depressing 
the plunger 03 to a corresponding level and 
holding the switch O6 open. Movement of the 
rectangular cam 24 moves the arm 07 about 
its pivot causing the contact screw 4 to be 
raised and lowered, but as long as the cam 24 



3,532,908 
7 

supports the arm 07, Switch: 86 remains: open 
regardless of the position of the cam. Insertion 
of an object S between the disk 83 and the con 
tact. Screw 4 supports the arm. ... thus remov 
ing the weight of the arm from the can 23 and 
permitting the plunger ft3 to rise: under the 
pressure of spring. C4 as the calm 23 is rotated 
thus permitting SWitch 06 to close. A Spring 
25. Secured to angle, iron. if and to the arm -38 
may be employed to . Supplement the Weight. Of 
the arm. f6, and thereby assist in clamping the 
object S to the disk.86. 
Since the switch 66 controls: the operation 

of the pump motor 99, and cannot close latileSS 
the sample is: in position under the contact 
screw i A, it is...obvious. that, the motor 99 cannot 
operate the pump until a Sample: is in place, 
thereby preventing the fountain of electrolyte 
from Splashing through the aperture 8 into 
possible contact. With the hands of the operator. 

Leads 27 extend from the motor 99 and SWitch 
i G6 to the plug i ... An additional wire extends 
from the plug to the strip. 32 of stainless 
steel thereby establishing a connection to the 
cathode 36 through the processing chambei Walls 
76. To prevent, accidental damage, a chain. 23 
is connected to the plug and to the Strip 32 to 
withdraw the plug from its receptacle as the 
processing unit 23 is withdrawn from the frame 
2i. A suitable four-contact receptacle 29 for 
the plug may be mounted on a plate 3 
extending transversely acroSS the main housing 
directly below the easel, 23. Removable covers 
ea having pins 95 engaging clips ff0. Which 

are secured to the strip 32 extend outwardly : 
from both sides of the arm F to the edge of 
the processing unit and are suitably shaped to 
enclose the motor 99, the motor Support frame 
9, and disk 45, as well as wires f6, and 2i. 

Current supply and control 
Polishing, which requires greater current than 

etching, is usually accomplished with direct. Cur 
rent, while etching may require either direct or 
alternating current. Our current Supply means 
is therefore adapted to supply either for closely 
controlled periods of time. Since in most in 
stances alternating current is available, We de 
scribe herein a circuit including rectifying 
means, but it is obvious that other current 
sources, such as a D. C. generator may be en 
ployed, eliminating the rectifying. means from 
the circuit. Also its should be inderstood that 
the terms “anode' and “cathode' are used to 
designate the two electrodes, even though in 
an A. C. circuit they of course. function merely 
as electrodes. 

Electrolytic polishing may in Some instances 
require currents on the order of 1:0 amps. at 200 
volts, and since the electrolytic Solution through 
Which the current flows is often combustible or 
explosive, it is obvious that adequate Safety pre 
cautions must be taken. As may be seen from 
the foregoing description, the circuit includes a 
fountain of electrolyte extending from cathode 
to anode which is renewed for each operation, 
thus creating an arcing condition: as contact 
is made or broken which could cause combus 
tion or detonation. Among Our novel circuit 
features is the provision of means which prevents 
the full current from flowing through, the foulin 
tain as contact with the object is being made or 
broken. To prevent accidental completion of 
the circuit, or splashing of corrosive electrolyte, 
means are provided to prevent the formation 
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of the fountain of electrolyte unless a metal ob 
ject is properly positioned for processing. The 
circuit unitS have also been arranged in Such 
manner that both of the operator's hands are 
necessarily ina. Safe position. during...processing, 
and in addition the circuit provides means for 
automatically preventing energization of more 
than. One main processing circuit at a time. 
In general, the circuit, includes a main trans 

former 32 having a main Secondary 33 pro 
vided with a grounded center tap. 30. The Sec 
ondary 233 supplies current to paired half-wave 
lectifier tubes. 34. The tubes, with associated 
choke coils 33. and condensers 37, Supply a 
highly rectified Substantially linear direct... cur 
rent to the anode contact A and cathode 66, 
which is grounded. Each of the three principal 
circuits, namely, D. C. etch, D. C. polish, and 
A. C. etch includes a main relay Such as relays 
38, 39, and 41, respectively, controlled by suit 
able timers 42, 43, and 44, respectively. The 
timers are adjustable by knobs 46, A7, and 
i48 (Figure 1) and preferably are of the elec 
tronic type. Current control is obtained by Se 
lector Switches i9 and 5 connected to taps 
on opposite Sides of the ground tap 30 on the 
main transformer Secondary 33 and by a Wari 
able voltage transformer 52 in the A. C. etch 
circuit which operates from a secondary winding 
33 on the transformer 32. - 
Suitable control knobs 54, 56 and 57 are 

mounted on easel 23 and connected to the Se 
lectoi Switches ig S and 5 f and to the variable 
Voltage transformer 52. Selection of the de 
Sired circuit is obtained in part through a nor 
mally open double throw gang SWitch 58 which 
in. One position closes four contacts energizing 
the D. C. polishing circuit and in the other po 
sition closes four contacts energizing one of the 
two etching circuits. Selection of whether the 
etching is to be accomplished by alternate and 
direct current is obtained by a double throw 
Snap type gang Switch 59. Current for the 
timers {2, 43, and 4, and for the switches 
f58 and 59 is obtained from a transformer 6 
having a Secondary 62 or from a suitable sec 
ondary on the main transformer 32. 
A normally open safety switch 63 is in series 

With the timers 42, 43, and 4:3 and secondary 
62, and must be held in closed position by the 
operator to render any of the timer circuits 
effective. Since both the SWitch 58 and the 
switch f 63 will remain in closed position only 
in response to hand pressure, it may be seen 
that by mounting the switches, nore thaa . One 
hand's span apart, as indicated in Figure 1, the 
operator's hands will be fully occupied during 
the process, thus making it impossible to acci 
dentially contact the anode or the electrolyte. 
A low. Woltage transformer 64 Supplies cur 

rent on the Order of, say, 24 volts and of ap 
proximately 10 milliamperes, to a safety circuit 
which includes at least. One normally closed coin 
tact on the relays 38, 39, and 44, the anode 
contact 4, the cathode 66, and the coil of a 
relay 65 which controls circuits controlling the 
timers 42, 43, and 46, and therefore also con 
trolling the relays 38, 39, and f4 f. As Sub 
sequently explained, when the processing opera 
tion is started, all of the contacts of relays 38, 
39, and F4F, except the safety circuit contact, 
are ogen and therefore the full potential of 
the processing current does not exist. between 
the anode and the cathode, A.S. the strean of 
electrolyte first contacts, the object S which is 
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in Contact with the anode contact Screw ft 4, the 
Safety circuit is completed thus energizing the 
coil of relay 66. This relay in turn closes con 
tacts permitting actuation of the timers 42, 
43, and 44, which in turn actuate the main 
circuit relay 38, 39, and 4. Thus it may be 
Seen that the potential between the anode and 
Cathode at the time the fountain of electrolyte 
is first established is of such low voltage that 
no Spark is generated as the circuit is completed 
thereby eliminating a possibie cause of detona 
tion or combustion of the eyectrolyte. The main 
circuit relays 38 and 39 in their unenergized 
or normal position have three normally open and 
three normally closed Sets of contacts and the 
relay 4 in the A. C. circuit has two normally 
open and One normally closed pairs of contacts. 
Since the safety circuit includes the normally 
closed contacts of all three relays, it may be 
seen that energization of any One of the relays 
breaks the Safety circuit and establishes the 
main circuit by closing the normally open pairs 
of contacts. The main circuit is maintained by 
a relay 67 until de-energized by one of the 
timers 42, 43, and 44. 
A relay 78 controlled through the relay f6 7. 

by switches 58 and 59 normally directs cur 
rent through the A. C. etch ammeter 69 and 
into the A. C. etch circuit. If, however, either 
D. C. polish or D. C. etch circuit is selected by 
Switches 58 and 59, a circuit to the coil of the 
relay 8 is closed actuating the relay and thus 
connecting the D. C. power Supply to the anode 
object S through lead 7, D. C. etch ammeter 
72, and D. C. polish ammeter 73. A main 

Switch fils is placed in series with the primary 
winding 78 of the main transformer 32 and 
is provided with a pilot light 77 across main 
leads 9 and 8f to indicate the condition of the 
circuit. 
Assuming it is desirable to polish a metal ob 

ject S and that a Suitable Solution has been 
placed in the container 42, the object is placed 
over the aperture 87 and the tube 2 lowered 
With the arm 9 in raised position until almost 
in contact with the upper surface of the Speci 
men. The handle 23 is then moved towards 
the operator lowering arm 97 and permitting 
the anode contact screw A to come in con 
tact with the object S. This Supports the arm 
07 permitting the switch 6 to close. Closing 

the SWitch 06 completes the circuit from the 
motor 99 to the cathode 66 through lead 82. 
Switch 76 is closed allowing current to flow 
through leads 79 and 8 and through the 
primary 78 illuminating the pilot light 77. 

Operation 

To polish the specimen, the switch 58 is moved 
to the left, the position of Switch f39 being im 
material in so far as the polishing circuit is con 
cerned. The Switch 58 is held in position. With 
the right hand of the operator while the left 
hand closes safety switch 63. Selector Switch 
49 is adjusted to give the desired current and 
timer 43 is similarly adjusted to control the 
duration of treatment. As the Switches 58 
and 53 are closed, current flows from trans 
former secondary 62 through lead 83 to blade 
84 of the switch 58 to leads 86 and 8 to 

relay 78, leads 88 and 89 to ground. A lead 
9 is also energized from the transformer 
secondary 62 completing a circuit through Con 
tacts 92 and lead 93 to motor 99. Operation 

10 

5 

20 

50 

55 

60 

6 5 

70 

Which establishes electrical connection between 
the cathode 66 and the object S. This permits 
Current to flow through the safety circuit ener 
gized by transformer 64 and extending through 
the coil of relay 66, lead 94, through the nor. 
mally closed contact to relay 38, lead 93, the 
normally closed contact of relay 39, lead 97, 
the normally closed contact of relay 4 , and 
lead 98 to ground. The other side of the sec 
ondary of transformer 64 is connected by lead 
99 to the object S thus completing the circuit. 
Completion of the safety circuit, as previously 

explained, energizes the coil of irelay S6 closing 
contacts 25 and completing a circuit including 
a lead 89, lead 232, the coil of relay 3, lead 
E88, a blade 84 of switch 58, lead fa3, and trans 
former secondary 2 thus closing the contacts 
of the relay 6. A lead 203 establishes a con 
nection between the coil of the relay 6, and one 
of the pairs of contacts thereof to ground lead 
39 thus permitting the relay 3 to remain closed 

regardless of the condition of the relay 36 which 
initially energizes the coil of relay . 
Power input to the timers 42, 43, and 46 is 

5 obtained through leads 235 and 26 connected 
directly to the secondary 52. Contacts 27 on 
Switch 58 complete the circuit through the out 
put side of the timer 43 through leads 223, the 
contacts of relay 67, safety switch 33, lead 239, 
lead 2, timer 43, and lead 22. A fourth set of 
contacts 213 in Switch 58 completes the circuit 
to pilot light 24 which includes leads 296, 2 46, 
lead 27, contacts 23 and lead f9. Operation 
of the timer establishes a circuit through lead 

5 28, the coil of relay 39, lead 29, and lead 2 
back to the timer thus energizing the coil 3, 
opening the normally closed contact thereof to 
break the safety circuit, de-energize the coil of 
relay 66, and closing the three normally open 
contacts of the relay 39. The main secondary 
33 of the main transformer 32 then paSSes Cui'- 
rent through the selector switch 49 through 
leads 22 and 222 through contacts of relay 39 
through leads 223 and 224 through choke coils 
35 and rectifier tubes 34. Filament current to 

the tubes 34 is obtained from a center tapped 
secondary 226 connected by leads 22 and 228 to 
the tubes 34. Common lead 229 conducts the 
rectified current through lead 23, relay f$9, an 
meter 73, lead it, relay 8, lead 232 to the 
anode S, through the fountain of electrolyte and 
to the cathode 66 which is grounded. 
A voltmeter 4 is connected by lead 233 to the 

anode object S and the circuit continues thirough 
lead 224 to ground. When the desired time of 
treatment has been completed, the circuit es 
tablished by the timer 43 through the coil of 
relay 39 is broken by the timer thereby de 
energizing relay 39 and breaking the circuit. At 
the completion of the operation, the safety SWitch 
63 and the gang switch 58 may be released, the 

release of switch 58 stopping the motor 99 and 
breaking the circuit through the pilot light 24. 
Assuming further that the sample selected is 

to be etched by D. C. current, the desired etch 
ing current is set on selector Switch 5 and the 
timer 42 set to give the desired etching time. 
The switch 58 is then thrown in the opposite 
direction and snap switch 59 thrown to D. C. 
etch. Closing of the switch 58 again energizes 
the motor 99 through lead 9, contacts 235, lead 
i83, contacts 06 and lead 82. The Safety cir 
cuit is energized in a manner previously described, 
the circuit through relay 6' being completed 

of the motor establishes the jet of electrolyte 76 through leads 83, contacts 231, lead 238, contacts 
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239 on SWitch 459, lead 244, lead 36, the coil of 
relay 6, lead 233, through the contacts of re 
lay if Si to ground. Energization of lead 8 also 
actuates relay fi8, grounded by leads 88;and 89. 
The circuit to the tinner ?.42 includes lead 24 
extending from the timer to contacts 245 on 
switch 59, lead 235, contacts 242 on switch 53, 
lead 268, contacts on relay 6i, lead 299, and lead 
2ff. A pilot light 2.33 is energized by lead 26, 
lead 24A, contacts 2:36 on switch 59, lead .247, 
contacts 243 on Switch 58, and lead fS to trans 
former secondary 82. Completion of the circuit 
through timer 42 closes relay 38 breaking the 
safety circuit and establishing the D. C. etch 
circuit through selector Switch 49, leads 243 and 
25 d, contacts of relay 33, leads 224 and 223 to 
the rectifier tubes. The rectified current from 
the tubes flows through lead 229 through the 
contacts of relay 38, lead 252, anmeter 2, lead 

, contacts of relay a 3, and lead 232 to the 
anode. 

If, however, a sample is required to be etched 
by alternating current, the switch 58 may be 
left in the etching position and the Snap switch 
59 thrown in the other direction to establish 
the A. C. etch circuit. The timer f4 is energized 
through contacts 242, lead 235, contacts 253, lead 
254, lead 209, safety switch 63, contacts of relay 
61, and lead 28. A pilot light 256 is also en 

ergized through lead 26, lead 253, contacts 238, 
lead 259, lead 247, contacts 248 and lead 9. 
Actuation of the tinner f45 establishes a circuit 
through lead 25 and 2 to the coil of relay 4. 
Actuation of the relay 4 breaks the safety cir 
cuit and establishes a circuit through 'Secondary 
53 of the main transformer 32, leads 232 and 
253, contacts of relay is, lead 264, ammeter S9, 
lead 266, the contacts of unenergized relay 8, 
and lead 232 to the anode. The condenser 37 
may be connected across leads - and 82 to 
cooperate with the choke coils 36 in smoothing 
the D. C. current output of tubes 34. 
Although variations in the solutions enployed 

cause variations in the resistance of the circuit 
and hence influence the current values, various 
general ranges may be cited as illustrative of the 
desired conditions. The etching timers &2 and 
44. Should have an approximate range of 0:5 to 

3.0 seconds and the polishing timer 43 a range 
of about 2 to 50 seconds. 
cuit, voltages of from 100 to 200 volts and from 
0.5 to 10 amps may be required while each of the 
etching circuits should be capable of supplying 
0.5 to 3 amps at about 35 to 125 volts. 
A solution generally adapted to etch and polish 

iron, Steel and other metals may be prepared by 
mixing together 800 cc. of methyl alcohol con 
taining 3% ether, 146 cc. of tap water, and 54 
cc. of 70 to 72% perchloric acid. This solution, 
which should be used attemperatures below 90 
degrees F., and when used in conjunction with a 
tube 84 having dimensions of approximately 14' 
by 15 millimeters bore will produce a circuit re 
Sistance of approximately 25 to 50 ohms which 
can be increased or reduced by changing the 
diameter of the tube or the distance between the 
anode object S and the cathode 63. 
As a Specific example of a procedure for ob 

taining highly Satisfactory results on low carbon 
Steel, polishing may be continued for 10 seconds 
at room temperature using 3.4 anaps at :20 volts. 
A Sample of this metal polished as described may 
be etched by alternating current using 21 volts 
and 0.6 amps for ten seconds. Austenitic stain 
less steel may be satisfactorily polished in 10 
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Seconds using 2:0 amperes at 70 volts and fer 
ritic stainless steel may be polished in 4 Seconds 
using 28 amperes at 100 volts. 
The Solutions herein described are only repre 

Sentative of many which may be employed. 
Other inore Violently explosive mixtures incor 
porating, for example, higher percentages of 
perchloric acid and acetic anhydride may be 
Safely eraployed but glass or other inorganic 
materials should be substituted for any plastic 
parts disposed to contact the Solution. 'ihe use 
of Violently explosive mixtures such as those 'em 
ploying high percentages of perchloric acid with 
acetic anhydride require the provision of addi 
tional Safety ineans for insuring the uninter 
rupted Supply of electrolyte since even a tea 
porary interruption in flow, as for example, that 
Which might be caused by a large bubble, would 
break and perhaps subsequently reestablish the 
main circuit at the anode thus producing an 
arcing condition between the object S and the 
electrolyte. 

I therefore provide a float 26, having lipwardly 
extending arms 288 telescoped over a stem 269 
having a head 2 disposed between the arms 268 
and engageable thereby. The parts are disposed 
in Suchiraanner that the arms 263 for in a lost 
motion linkage with the Stem 269 and the head 
2 producing a downward motion of the stem 
259 whenever the electrolyte in Which the float 
232 is immerS5d drops below a predetermined 
level. The stel is connected to a suitable switch 
Such as Switch fe8 controlling the motor 99 and 
modified to permit actuation by downward movie 
met of the stem 269 or a similar switch disposed 
in Series with either the main or timer circuits 
adapted to Stop the processing operation when 
Suchievel is reached. 
Since the processing linit includes the elec 

trolyte container 42, pump 56, motor 98, arm 
l, cathode 66, and all associated apparatus 

neceSSary to proceSS metal objects except cur 
rent Supply and control means and cooling 
Water, it is obvious that the processing init 28 
may be satisfactorily operated at a distance 
from the balance of the herein described device. 
Flexible leads from Socket 29 and a hose from 
pipe 44 may be used to supply current and water, 
or other more convenient sources of current may 
be utilized. Furtherinore, inspection and repair 
is greatly simplified because of the ease with 
which the processing unit 2 can be removed. 
This is accomplished by first removing the cover 
5i, and then grasping the processing unit frame 
2, drawing it outwardly. The unit 23 Slides out 
wardly like a drawer on members 28 and 29, the 
plug 7 being withdrawn by chain 28, and may 
be supported after withdrawal by the water 
jacket 33. The plug A is the only mechanical 
connection between the processing unit 2 and . 
the main frame 2, since the water pipe 4 pro 
jects from main housing 22 into cup is through 
an opening therein, but is not in any way me 
chanically attached to processing unit 2. 
-Our device may, of course, be simplified by 

using only One timer connected to the three cir 
cuits by Suitable Switches, and the polishing cir 
cuit may be made to function as a direct current 
etching circuit, if desired. Greater accuracy and 
ease of operation, however, is obtained by the use 
of Separate circuits having independent control 
elements as described. 

Since the operation is purely mechanical, once 
the proper current and time values have been de 
termined, relatively unskilled labor can consist 
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ently obtain highly satisfactory polished or pol 
ished and etched surfaces, the greatest economy 
of time being obtained in the polishing opera 
tion. Should occasion arise, the surface of the 
object can be plated, instead of polished, by re 
versing the direction of current flow and substi 
tuting a Suitable Solution for the electrolyte de 
Scribed. Since the cathode under such condi 
tions becomes the anode, it should be formed of 
the metal being plated. 
In the foregoing specification we have de 

scribed in detail a preferred embodiment of our 
invention as required by R. S. 4888, but it is not 
to be understood that in So doing we limit our 
selves to the precise details, procedure and mate 
rials herein described except in so far as defined 
by the appended claims. 
We claim: 
1. In an apparatus for electrolytically treating 

metal surfaces, an apertured plate for supporting 
a metallic object to be treated, means containing 
a body of electrolyte beneath Said plate, means 
for projecting a column of electrolyte from said 
body onto the exposed surface of the object over 
lying the aperture in said plate, a main circuit 
including said body of electrolyte, said column 
and said object arranged to pass an electric cur 
rent between said column and said object across 
said exposed face of said object, a first relay hav 
ing contacts included in Said main circuit for 
controlling the latter, auxiliary circuit means ac 
tuated by the impingement of electrolyte upon 
Said object for controlling said first relay to close 
Said main circuit, whereby energization of said 
main circuit is dependent upon the column of 
electrolyte being in contact with said object, a 
transformer, means for producing a rectified di 
rect current from the transformer, a second relay 
having contacts for connecting the rectified cur 
rent to Said main circuit, a control circuit includ 
ing a timer for actuating said second relay, and a 
plurality of hand-operated Switches in series in 
Said control circuit, Said Switches being normally 
bia SSed to open position and being spaced apart 
a distance greater than can be spanned with a 
human hand. 

2. In an apparatus for electrolytically treating 
metal Surfaces, an apertured plate for support 
ing a metallic object to be treated, means con 
taining a body of electrolyte beneath said plate, 
means for projecting a column of electrolyte from 
said body onto the exposed Surface of the object 
overlying the aperture in Said plate, an electrode 
arranged in the path of electrolyte projected from 
said body, and a hollow tube of insulating mate 
rial extending from said electrode to a point ad 
jacent the exposed surface of said object, said 
electrode having a passageway communicating 
with electrolyte projected from said body and 
with said tube, and at least that portion of Said 
passageway adjacent said tube being disposed at 
an angle of approximately 45° to the axis of said 
tube. 

3. In an apparatus for electrolytically treating 
metal surfaces, an apertured plate for Supporting 
a metallic object to be treated, means containing 
a body of electrolyte beneath said plate, means 
for projecting a column of electrolyte from said 
body onto the exposed surface of the object over 
lying the aperture in said plate, a cathode elec 
trode having a passageway for said column di 
rected toward the exposed surface of Said object, 
and a hollow cylindrical conduit extending from 
the aperture in said plate to Said passageway, 
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14 
said passageway having a smaller diameter than 
said conduit and being inclined at an angle of 
approximately 45° to the axis of said conduit SO 
as to produce in Said conduit a column of elec 
trolyte having a substantially constant cross 
Sectional velocity. 

4. In an apparatus for electrolytically treating 
metal surfaces, an apertured plate for supporting 
a metallic object to be treated, means containing 
a body of electrolyte beneath said plate, a cath 
ode electrode located beneath said plate and hav 
ing a passageway in communication with said 
body of electrolyte in said containing means, a 
hollow insulating tube telescoped over said 
electrode for conducting electrolyte emanating 
from Said passageway onto the exposed surface 
of the object overlying the aperture in said plate, 
means for projecting electrolyte from said body 
into the passageway, and a plurality of connect 
ing paSSages leading from Said passageway and 
into Said tube, said passages being disposed at 
an angle of approximately 45° to the axis of Said 
tube. 

5. In an apparatus for electrolytically treating 
metal surfaces, an apertured plate for supporting 
a metallic object to be treated, means containing 
a body of electrolyte beneath said plate, a first 
electrode disposed within said containing means 
for contacting electrolyte therein, a second elec 
trode Spaced from said first electrode and located 
Outside Said containing means for contacting the 
object Supported by said plate, means for pro 
jecting a column of electrolyte from said body 
towards the object supported by said plate, a 
main circuit including said electrodes, said body 
of electrolyte, said column and said object ar 
ranged to pass an electric current between said 
column and said object, a relay control circuit 
including a relay having contacts, said contacts 
being included in series with said main circuit 
to control the flow of current therein, and a 
switch responsive to the level of electrolyte in 
Said containing means, said switch being in said 
relay control circuit and in series with the coil 
of Said relay whereby to interrupt said main cir 
cuit When the level of electrolyte in said contain 
ing means drops below a predetermined level. 

6. In an apparatus for electrolytically treating 
metal Surfaces, an apertured plate for support 
ing a metallic object to be treated, means con 
taining a body of electrolyte beneath said plate, 
a pump for projecting a column of electrolyte 
from Said body onto the exposed surface of the 
object overlying the aperture in said plate, a 
clamp adjacent said plate for urging the object 
to be treated against said plate, Switch means 
controlled by said clamp and arranged to ener 
gize said pump only when an object is urged by 
Said clamp against Said plate, a main circuit in 
cluding said body of electrolyte, said column and 
Said object arranged to pass an electric current 
between Said column and said obiect across said 
exposed face of the object, a relay having con 
tacts included in said circuit for controlling the 
latter, and auxiliary circuit means actuated by 
the impingement of electrolyte upon said object 
for controlling said relay to close said main cir 
cuit, whereby energization of said main circuit 
is dependent upon the column of electrolyte be 
ing in contact with said object. 

CLARENCE. W. HANGOSKY. 
CARL S. HORNBERGER, 
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