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UNITED STATES 
WILLIAM. H. PRIESS, OR BRE 

CIALTY APPARATS. C. g. 
NEW YORK. 

E.g. C32A, 

Be it known that I, Wii LiAA, . . 
citizen of the United States of A 
a resident of Belmont. Stite o 
setts, have invented certain he 
Electrical Condensei's, the pi 
which are set forth in the too 
cation and accompanying dra 
disclose the for of the in 'ei v - 
now consider to be the best of the various 
forms in which the principles of the inven 
tion may be embodied. 
This invention relates to electrical coin 

densers and methods of making the Saine. 
In condensei's now in use it is listial to 

build the same in stacks copi) sheets 
of dielectric, such as nic: (); , 
foil. For high potential work, the stick 
is built up in sections connected in sei 

less the capacity will be fol' 
sheet. Such condensei's are : . . . . . . . . .'; . 

however, where high potential high el}''ent 
is necessary with conparatively low canae 
ity. In building such a condenses of mica, 
for instance. it has been found that the cost 
is almost prohibitive. 

In order to provide a cheap coil pact con 
denser, it is contemplated in the present in 
vention to use sulfur (in a special foi'in) 
not only as a dielectric but also as a filler. 
Sulfur also unay be used as a deorge ink, to 
wash out air and hoistuli'e from the con 
deinser, and for impregnating. Sulful has 
an extremely high insulation resistance, but 
up to this time its brittleness and porosity 
has prevented its use to any extent as a 
dielectric, especially for use in high tension 
electrical condensel's. The advantages of 
sulfur are as follows:-low dielectric loss. 
high insulation resistance, cheapness, good 
dielectric strength and high melting point 
(115°-119° C.). Another characteristic of 
sulfur which is especially advantageous in 
condenser manufacture resides in the fact. 
that it does not soften as it approaches the 
melting point as does a wax, but rather 
acts like ice, that is to say, remains hard 
up to the moment of melting and then 
changes to a thin liquid. nor is it subject 
to cold flow. 
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Sulfur as a Solid exists in several allo 
tropic forins as follows: the plastic or 
in orphous, ionoclinic crystalline form, and 
the rhombie octahedra crystalline form. 
in object of the invention is to provide 

a cheap coil dense' of high efficiency. 
Another object of the invention is to em 

lloy and prepare the element sulfur in con 
(leisei's in such wise as to take full advantage 
pf its extreitely low dielectric loss and high 
insiilation l'esistance and at the same time 
to ei Slire a condition of the sulfur as to 
avoid the troubles resulting from the use of 
so brittle and poi'ois a material. 

Another object of the invention is to pro 
vide ii. 8 ('?ndensei' a dielectric or filler 
having 'eheating properties. 

... nother' i'ject of the invention is to pro 
vide a coldeiase' which can be operated at 
tellie’atles ul) to 95° C. without detri 
ental effect. 
in the accoil)inying drawings, there is 

illust'atel seve'al of the nuinei'ois for his in 
which the present invention is capable of 
being embodied with apparatus for making 
the Saline. 

iFigure 1 is a sectional elevation of one 
for of condenser. 

Fig. 2 is a sectional plan view thereof on 
the line 2-2 of Fig. 1, looking in the di 
irection of the arrows. 

Fig. 3 is a sectional elevation of a modi 
Follin of condensel'. 

iig. 4 is a sectional plain view thereof on 
the line 4-4 of Fig. 3, iooking in the di 
i'ection of the arrows. 

Fig. 5 is a sectional elevation of another 
foi'in of condenser. 

Fig. 6 is a sectional plan view thereof on 
the line 6-6 of Fig. 5, looking in the di 
lection of the arrows. 

Fig. 7 is a sectional elevation of another 
for in of condense taken on the line 7-7 of 
Figs. 8 and 9, looking in the direction of the 
R''OWS, 

Fig. 8 is an elevation of the construction 
of Fig. 7 taken at right angles to the view 
of Fig. 7, the casing being in section. 

Fig. 9 is a plan view, with part of the 
casing broken away, of the construction of 
Figs. 7 and 8. 
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Fig. 10 is a detail perspective view of an 
element used in the construction of the con 
denser of Figs. 7, 8 and 9. 

Fig. 11 is a plan view of a mold to making 
the element of Fig. 10. 

Fig. 12 is an elevation of the mold of Fig. 
11, parts being broken away for clearness, 

Fig. 13 is a detail sectional view of the 
mold on the line 13-13 of Fig. 12, jooking 
in the direction of the arrows. 

Fig. 14 is an elevation of all other form of 
condenser with parts in section. 

Fig. 15 is an elevation of the Sane CO 
denser taken at right angles to the view of 
Fig. 14 and with parts in section. 

Fig. 16 is a sectional view of an assembled 
mold for making sulful sheets. 

Fig 17 is a sectional view the 'eof on the 
line 17-17 of Fig. 16, looking in the di 
rection of the arrows. 

Fig. 1S is a perspective view on an e 
larged scale of one of the nold parts. 

Fig. 19 is a view illustrating a method of 
melting off the sulfur embedment flush with 
the edge of the casing. 
In Figs. 1 and 2 is illustrated one embodi 

ment of the invention comprising spaced 
concentric cylindrical metal & innatures 1 and 
2, in which the almature 2 constitutes the 
casing of the condenser, the airmature 1 being 
within the casing and embedded in a suit 
able dielectric 3, which may comprise ele 
mental sulfur of the special 'orm made by 
the process hereinafter described, this sulfur 
dielectric 3 not only constitiiting the dielec 
tric of the condensel but also the filler 
within the casing 2. The casing 2 is l'o- 
vided with the bottom 4 which may be re 
moved if desired fo;' the purpose of filling 
the condenser with the dielectric through the 
bottom, although the same may also be 
filled through the top. This bottorn 4 Jay 
be secured to the casing 2 in any desirable 
manner. Telescoping the upper portion of 
the cylindrical casing 2 is a ?ing 5 of insiilat 
ing material which may be composed of &ly 
insulating material suitable for the pl!'}}ose. 
such as bakelite dilecto, which is preferable 
by reason of its rigidity and hardness. This 
ring 5 is secured in any suitable manner to 
the casing. The upper edge of the bakelite 
ring 5 is provided with a recess or ledge 3 
in which may be fitted a thin cover 7 of any 
suitable insulating material, but preferably 
of mica. Projecting through the insulating 
cover 7 is a threaded terminal 8 which is 
secured to the cover by means of a pair of 
nuts 9 arranged upon opposite sides of the 
cover 7 and clamped thereto. This terminal 
is connected to the armature 1. Inasmuch 
as the armature 1 is embedded preferably in 
a solid fusible dielectric such as the ele 
mental sulfur of the special form of this 
invention, the cover 7 need not be of Sufi 
cient strength to suspend the terminal 

with the consin: 

1,558,048 

thereon. Mica, inasmuch as it has a very low 
loss and preverts cree age to a high degree, 
is pl’eferable, and this mica cover 7 co-oper 
ating with the in: ling 5 effectively 
instates the te: liai S from the outer cas 
ing or a nature 2, in order to 'igidly slip 
port the cover 7, it is }}}'eferable to use the 
stitut: Ghibed intent 3 ::ld to place it within 
the casing in Saci l 
hereinafter descri - 

in close contact with the gover 7, providing 
a hard backing for the sane. After solidifi 
cation of the sulfill embedment, the mica 
cover is Sported upon the inn; lar shelf 
6 and held on the condeiser by means of its 
adhesioi) to the Suir elabediment. The nuts 
9 assist, in pi'oviding a central Securing 
means for the cover, 
in Figs. 3 and 4, have illustrated a form 

of condense in which the dielectric and 
(iiier is also cast in one opei'ation in the cas 
iing. Reierring, therefore, to these figures, 
the coil lense' conrises the inner metal 

i, which is preferably of cylin 
::ii for;) Oeil at the botton as indicated 

at 10, and & otite metal all nature 2 which 
is concentic ::mattire and Spaced 

: embodiment of the in 
in of tie casing or alma 

ith an opening 11 alin 

i 3. i My W 

s: . . . . . . C 

vention, the bott 
tire 2 is ;) Ovided is 

shacd net: in elier 12 coli.ected to casing 
in columinicating 

ior through the opening 11, 
rt of the ai'nature 2 and pro 

fe space () of almatai'e 1 and 
jaced there on. This condenser, like, the 
consti'i:ction disclosed in Fig. , is likewise 

Ough the top o' th'oturh the 
on with ::: insulating dielectric and 

being rovided with 
in to title:'y the 
cioling of the 
in of dielectric 

sillful' ereillate 3 is the 
es: i.e. 

Trcoti, (GSC) ite' 
in other respects, the 

3 and 4 is identical 
ction of ligs. and 2. The 

space 13 in the form of Fig3. 3 and 4 pro 
vides a large are: surface exposed to the 
air for iiici'e: sing tie l'adiating and heat 
conducting elements of condense's for itse 
either during the process of cooling the di. 
electric Or for intaintaining a comparatively 
low temperat; I'e in Service. 

in Tigs. 5 and 6 i 
comprising illet: ill'es 1 and 2, the 
altimature is like the ailinat:'e of iigs. 3 and 
4. Connipiising 3 cylindical cip-shaped cle 
ment open at the botton and the almature 
2. being cylindrical and concentric with the 
amatul'e 1, and pi'ovided with an inverted 
cup-shaped part 12 projecting into the space 

ith the open end of an inverted cup 
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telectric inside of armature 1 
and having an interi 
'ating at 1 with : 
the heat-ladiating 

cylindrical portion of 
shown in Fig 

O 

side cylindical portion ther's 
DOition 12, is Oile 
!-- , , (r r r th through which tin 
be potlied in 

lj C penings 15 esp Siecial Siili embedment of the 
tied and to 'ed in 

ce:s, hereinafei ( 
7, 8, 9 and 10, : 

l 

the outside of the casing. hich he dielee 
S- as o ~5 

in order to equalize the y complises the special sulfur of 
electic 3 between the present invention, is made by a different 

process than that in which the sulfil 
c, bit also a filler. Briefly, 

pe Gi coindense; comprises a nuinbei 
vidually-formed condense} (eleinents 

lel and two 
is being con 

: Stack 
g which 

have p 
25 inenber' ' 

!-- - - s:- tions connected in ;): 

30 
---, - . C 

ected together s 
I and inleine' . 

35 ings 21 whereby t 
. : oughly illed ai 

equalizing inleinbei' 
the condiesel 

st 

: i 
l s 

s 

ineas on its 23. 
The cover of the ei: 
ife's from pie Violis 

that instead of innica, in: 
shaped or concavo-coily ex 
be or shell 24, which 

50 any suitable insui 
porcelain, through whi 
tends and to which 
porcelain shell Ol' 
circumferential ed 

5 
, , bec 
s: o 

3rovided with suitable 
The unit 30 is embedded. 

the special stif it dielectri 
present invention, by the hereinafter 

described ) 
shown in Figs. 11, 12 and 13 in 

is f 

The she 24 is secured 
suitable means S 
alloy 26 poiled i 

60 the edge of the poice 
in place. The space wi 
the embedding process i 
tric 3, inci'easing its is 
and forming a hard backing t 

65 This construction of porcelaii 

'O C3 

sh s 

lily described hereinafter, 
S. and S. S ty of the 

sloyyin in dot; i. i. 10 aire 
her to form a stack 37, the 
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fo!"ruing Substantially a solid stack or mass. 
in this embodiment of the invention, the 

Steveral elements 30 aire assembled with their 
airin: tires vertical upon a netoi base plate 
38 find Sec. I'ed thei'eco by lineans of screws 
39 extending the 'Oilgi the base plate and 

threaded c. 's 31 in the bottom 
of the supporting blocks 31. 

in this embodiners of the invention, 
e i stated tein eits; 3) of ea: all 

Of One group are 
it the stack and the t 

a the opposite 
as 33 of the oth 1 
ide of the top in 

'elation si'eto, providing two 
groups of tabs 40, 41, which are spaced to; in 
each other sufficiently for insulating puit 
poses. The tabs 3 of each group 40 and 4: 
are electrically and 
together by means of metal washer's 3:2 in 

mechanically connected 

terposed between them and secured together 
by metal bolting means 429. After the sey. 
eral elements 30 are secured to the base 3S, 
and the tabs 40 and 41 connected togethel', 
the whole unit is placed within a suitable 
casing 43 which is preferably of inetal with 
plate 38 resting on the bottom of the casing 
in contact there with. This casing 43 is sub 
stantially rectangular at its lower portion 
and of a size to provide Stificient clearance 
between the asseinbled units 30 or Stack 3. 
and the casing. In order to secure the as 
sembled stack 37 within its casing, 
era membel's 3 tyre provided with aired 
horizontal openings 44 through which and 
through the sides of the casing 43 is threade; i. 
a metal bolt 45 which not only secures the 
stack 37 to the casing bit also constitutes in 
electical connection between the lower 
a 'naturies 32 of the stack and the casiii. 
when the casing is to constitute a terminal. 
The lot, 4.5 is secured in the holes 44 ind to 
the casing 43 by ineans of nuts 46. Addi. 
tional nuts 47 play be threaded on the bolt 
for the purpose of Securring leads. The 
ii) per portion of opposite sides of the casing 
43 is 1 ared outwardly hown at 48 (Fig. 
7), to provide sufficient electrical clearance 
between the ternina is 40 and 4 and the 

RS 

casing and also to provide supporting lineains 
inherent in the casing for stipporting the 
casing 43 or several of them in a rack. The 
upper end of this casing 43 is provided with 
an opening 49. the upper edges of the cas 
ing being bent inwardly to form a ledge 50, 
an annular ring 51 i.eing located below the 
edge 50 fol' bracing and reinforcing same. 
The casing proper, not including the cover. 
in the for here illustrated, is built ii) in 
three parts, a j-shaped intermediate fortion 
i52 shown in Fig. 7 and a pair of end 
plates 53 as shown in Fig. 8, and having a 
shape shown in Fig. 7 to enclose art 2. 
The plates 53 are secured to the open sides 
of the member 52 to form a casing therewith 

C. c. 

1. wwwy w aw 

by soldering, and in the present structure I 
is a ye illustrated wires 54 extending along the 
corner's foliined by the members 52 and 53 
ind which are soldered in such corters by 

suitable solder 55 for sect rig the parts of 
the casing together. Mointed over the 
opening 49 at the top of the casing and se 
Cui'ed to ledge 50 is a cover 56 of metal lay 
ing a pair of openings 57 therein through 
which the eacts 5S from the tas 40 and 41 
are led. A gasket 56° is interposed between 
the cover 56 and ledge 50 to form a tight 
joint. Each of these leads 5S comprises : 
threated terminal iod 59 which is supported 

a - is of sliittle in its and washers (30 
(forning a tight joint) in an insiliating 
scil 61, preferally porcelain, which is sub 
stantially clip-shaped or concavo-convex. 
Each shell (31 at its edge (the concavity in 
the shell facing the casing) is secured to the 
letal cover 56 over an opening 57 by means 

of an annular ring 62 of metal to which it is 
sectired by Solne suitable means such as an 
antimony lead alloy. The terminal 59 is 
centratiy ari'anored within this cup-shaped 
insulating linember 61 and extends through 
its upper Small end at a distance sufficiently 
spaced from the cover 56 for insulation, the 
open and large end of the porcelain mem 
ber 61 being secured to the ring 62. The 
terminal 59 may be electrically connected to 
the tals 40 and 41 by any suitable cond c 
to's Sich it is the flexible conductor's 63 it is:- 
theied in order to fit this condense with 
a filles', it desired, I have provided an open 
ing 35 at the side of the condenser through 
which is suitable filler may be pored and 
the enbechent 'o'nei in the mannel lee 

after described. An opening in the side 
of the casing secures a condenser in which 
not only the stack proper with its sulfiir 
dielectric may be thoroughly en bedded but 
also the terminals 59 and the space 6t: with 

: the shell 61, providing a solid hacking for 
he shei is 61 and improving the inst lation 
ween the terminals 59 and the casing 43. 

When such an embedient is insert, it is pref. 
erable to not only use the special sulfur of 
the present invention hut this enhadment 
should be done by the processes or methods 
ereinafter described. This method of em 

bedment provides an insulator for terminal 
59 which is substantially a sulfur insulato' 
referably of the special compact sulfur of 

this invention, protected by a norcelain 
shell. After embedment, the opening (35 
may be closed by a plate 65 which is pref 
erably a name plate. 
The arrangement of terminals upon the 

top of the condenser and the electrical con 
nection between the condenser and the cas 
ing allows the use of three different values 
of capacity in the condenser by 

(1) Employing the two terminals 59 as 
the connections. 
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(2) Employing one 
and the casing 53 as the coins 

(3) Empioying both of inimals 59 
parallel connected as one terrina and the 
casing 53 as the second tellain: 

it is preferable tit; the 
sections or elements be of tec 
So that vihen used in series, 

59 

(3. t n t e i 

groups were of unequal cap: citi 
tentials would divide in yel 
pacities and the sectic 
Smaller capacity Solid receive a { 
he group of large capacil the 
groups are connected ii) series, ice the 
potential that can be applied to a single 
group inay be applied to the conciense". 
The capacity of the condensel wiii then lie 
half the capacity of one of the 
elements. When the colade 
cine teriniinal and the cas COise 
tions, the potential of a single group can be 
applied to the condense and the capacity. 
will be the capacity of a singie 
sections. When both ter:lini is air: 'al 
connected and form one of the tei oi 
the condenser, and the casing the other tei"- 
miinal of the condenser, the potential of a 
single group may be inapressed across the 
condenser and the capacity of the coldenser 
will be twice the capacity Of Oile of the 
groups. If the capacity of each group is 
taken as unity, then the capacity of the first 
grouping will be one-haif tie second 
grouping One, and of the finil'd grouping 
two, respectively. 

In Figs. 11, 12 and i8, have it 
by Way of an example, a hould , 
be employed in building the eleme: 
embedding each in its dielectric 84. This 
mould complises a base ; 0 of silicabie in 
sulating material such as glass and, a pai’ 

ide plates 1 
bly oil insulat 

adapted to 
tie sides 
ge in the 

lustrated, 
ich intly 
S 3) and 

thei'eon which also are pi'eie 
ing material such as g 
engage, as shown in : 
of the arnati'es 32 ai. 
mold and of the metal S. biock 3i 
ari'anged an end in the n and resting 
upon the base 70, the block 31 constituting 
a part of the mold closure between piates 

at one end. At the opposite end of the 
moid is a vertically-ari'aiged neial block 
or member 2 resting on end on base 0 and 
between plates i and closing the opposite 
end of the mold and iorning with the inen 
ber 31 and sides Ti a complete eiiciosure. 
The member 2 is provided with a recess 3 
into which fits the tab 36 of the cential 
armature 33, the tab and arnatire being 

-- Ci O RG C properly centered and secured 
ber 72 by means of a metal block 
the remainder of recess 3 to in: 
mold and prevent Siliful' from Solidifying 

around the tab 36 and screw 75 extending 
transversely through block '74, tab 36 and 
illember 2 to hold them in place. The 

2:lge tie innei surface of the verti 
inelanbei 2. The armature 33 is elec 
aliy connected to the metal block 72 and 
ositioned ('ent'ally between the arma 

'es. 32 when assembled as shown in Fig. 
The upper portion of this member 2 

is tape'ed lipwardly and outwardly at 7 
to faciliate the embedding operation and 
GNiends Soie distance above the upper part 

f the condensei' to be formed in order to 
'O Vicle : head of molten dielectric above 

the condense being treated. Opposing the 
a pered potion 7 of the member 2 at the 

ite side if the mold and constituting 
e!' continuation of block 3i and clo 

nietal member 78 which is tapered 
Yardly and outwardly as shown at 79 to 
itate the filling operation and with 

s 

C 
a - 

i. 
a 1. 

. 

- 

3einber 2 aid sides 1 for as a head for the 
noite}} inafei'ial at a point above the con 
lensei'. The member 72 at one end and 
members 78. 31 at the opposite end of the 
luold are of some suitable conducting mate 
itial such as metal, for the purpose herein 
fiel' described, and are insulated from each 
the by base 70 and side plates 71. The 

side plates i ai'e Secured to the end clo 
sures 2 and 31, 78 after armature 33 has 
been secured to member 72 by means of j 
haped springs 80 which are secured inter 

te their ends by screws S1 to the outer i 3 C : . 

{edges of inenbers 72, 31 and 78 and which 
extend around the vertical edges aid out 
side of the piates 1 and hold them tightly 
against the intermediate members. Further 
noi'e Springs 80 as secured prevent the verti 
cal intelinediate membe's from being 
pushed in too far between the plates T1, thus 
maintaining the proper relative position of 
ai'illatiles 32 and 33. The slot 3 of the 
linenbei' 2 is so arranged that the center 
arinati'e 33 is centually located between the 
arma tui'es 22. The screws 81 which secure 
a spring Si) to member 31 may be threaded 
into the same holes 31 which later secure 
the aerinber 3i to the base plate 3S in the 
final asse: lily Of the condenser. 

in fol'ining the embedment, 34, the assem 
bled inoid. With the condenser element 30 
in position thei'ein as shown, is placed in 
an O Veil and brought to a temperature oil 
approximately 14.0° C. or to temperatures 
at which Saifur is a thin, watery liquid. 
Sulfur which previously has been heat 
treated as hereinafter described is heated 
to approximately 140 C. or to a tempera 
ture between 115° and 155° C. and strained 
to l'emove extraneous matter. in this con 
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dution, the sulfur is a thun, watery, limpact 
liquid, care being taken to maintain the 
temperature of the liquid such that it is 
entirely limpid. The mold is filled 'ith 
this sulfur to the top, forming a head of 
sulfur over the armatures. This filling may 
be under vacuun or without "sculin. 
When vacuum is used. a more complete as 
surance of the removal of ail fro: the 
mold is obtained than that obtained by the 
simple bubbling up of the air tini'ough the 
sulfur liquid due to the difference it the 
specific gravity of Bolten Siliful and air. 
The materiai is pollied in limpid. for is 
this condition entrapped ain' does not ex 
in the sulfur mass as would be the case. 
the sulfur were poured in its viscous state. 
After pouring or duling the process of pour 
ing, the end member 72 on the Qe side and 
the members 31 and 78 on the opposite edge 
and consequently ar: atll'es 32 33d 83 are 
subjected to an electric potential applied to 
them. In Fig. 12, I have illustrated dia 
grammatically a circuit C for doing this, 
electically connected to terminals C. 
the members 72 and 78. It is 'eferable 
that this potential be applied and its appli 
cation maintained during tha entire cooling 
process. The cooling is preferable from the 
bottom up, i. e., the bottom of the mold is 
maintained at a temperature below the so 

t 'y hy lidification temperature of Silif: 
suitable cooling means - (not illustrated). 
Preferably, the head is heated and main 
tained above the melting temperature of Sull 
fur, i. e., the sulfur above the condensei' is 
heated to a temperature of approximately 
140° C. during the initial stages of the 
cooling operation. This means may coin 
prise a Bunsen burner B heating a metai 
rod R. Submerged in the liquid as illustrated. 
After the Saifur has solidified to the desired 
height above the airmatiles, which is pref 
erably slightly greater than the upper rar 
gin of the condenser, application of heat to 
the top of the old may be stopped. 
electric potential above refered to is ap 
plied continuously during the cooling and 
until the mass has solidified. The poten 
tial is then discontinued, the mold opened. 
and the eleinent 30 with its dielectric 'e- 
moved. The element 30 has attached to it. 
the sulfur of the head. This jaay be cut 
of by a hot wire or knife, or sawed off, i.e 
application of potential across a 'natures 
32 and 33 during the cooling of the stility," 
has a distinct a vantage in forming a com 
pact and non-porous form of Silfur free 
from internal strains and in securing very 
close and intimate contact between the Sui 
fur dielectric and the netal arratities. 
The voltage applied during cooling of the 

sulfur between the condenser plates or ar 
matures by the method described by Way of 
example in an actual use of the invention 

was between 7,000 and 20,000 volts maxi 
; : :::::' 'ss a dielectic 1/16 of an inch 

in general, the potentiai Ripplied 
this process shout be of the orde!' 

of agili title of the breakdown strength of 
the sii; it'. The cil'rent inay be in alter 
nating 500-cycie cil '!'eit. 
The appij }) (); otential between the 

ill:tilles g choing results in very 
close at betwee; the Silful' aidi tial 

's to the of it 
insti'e ville: 

enbeliei, 
a's jottled with Sui 

to it very closely 
or; G: poten 
: it lechan 

O; the othel 
..) ie: t: the 

Jric 'it 2 c{}o- 
}'e vici; ) (len 

cc; at the cleavage 
rottie o sift; (ii 

is coil p 

ity 
: '. 

{S COSS 

". SS plastic. 
rial lechaica st': in 

s fol' 
lietal arts not 

tion with the ap::ication of 
J. 1. 

Eine D)'OC but also in the 
closed should be such as al'e 
y chemically attacked or cor 
sch as a liminuti. i*i); () 

has hee;) for 
Eluani); in alloys containing lead 

i The 

- 

lead and 
bass. 

are ins: fisfactor process. 
sheets of metal lay be of its dasire: 

- - r ? : y - - - - tickings:, it has loci is ind hit the st 
formed as above (ie:{1}}(xian 

ss of 1/16 of it inci wo: 
13,00) (sic his a break 

its. 
ove described may also 

be employed in the joi'iation of dielectric 
in (their orias of condense's and by means 
other than the mold of Figs. 11 and 12. 
In constructions Sikh as illustrated in Figs. 
1 to (3 enploying a suitable he: i. as illus 
trated in broken ines Fig. 3, attached to 
he iot (3 oi' top of tic condense)', accord 

to Yi'i ethe' or not the condenser is to 
filed iroi gi the lottoja or throigh 
top, heat the coinci)ser casing and heat 

is or etween 1:5° and 15, 
tle's in ii (id silii heat 

ful dielecti: 
havii is a thi 

the process 

elie’atti 

e tiline of pouring to a ten 
15° and belov 155° C., then 
'dient, that is, either by 
{o}}) and applying heat 

the botton alone, 
3 order above spec 

through the di 
in SO]ne cases, it 

and apply vo 
fied to the 
electric du ring cooling. i 
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may not be necessary to apply potent)&t to the 
armatures. This last process of cooling 
may also be employed without the applica 
tion of potential in cases where the sulfur 
is used simply as a fille arouild stacks of 
different types as hereinafter more tuily de 
scribed. in some cases, it is preferable to 
apply vacutan to remove air troin the ('88 
ing and head before and diling the poi'- 
ing in of the liquid. 

in embedding from the top botto) 
with the use of a head in the forms of coin 
densers described in Figs. to 3, owing 
to the physical characteristics of the Silifu. 
it has been found difficult to cut of the 
surplus embedment of sulfur the head 
flush with the casing in order that the 
cover or bottom may he applied. This 
should preferably be done by neiting away 
the surplus sulfur illus is the casing. 
For this purpose, I have provided the piece 
of apparatus disclosed in Fig. 19. in order 
not to strain the sulfur by breaking ol' cut 
ting, it is preferable to sleit, any silpils 
Sulfur which may be above the upper level 
of the casing. In . In the present case, hay 
provided a circuilar disc 85 of metals having 

-i-A--- 

3. 

a central hole S6 adapted to slide over the 
threads upon the centiai terminal 8. After 
the casing head is removed and as much of 
the sulfur is broken of as is convenient 
without damaging the enbedient within 
the casing proper, the disc is heated to 
temperature above 155° C. and placed upon 
the threaded terminai and rotated by the 
handle St. Contact of this hot disc 85 
with the sulfur melts the same until the 
disc is flush with the casing. The disc can 
then be removed and the cover put in posi 
tion. in the present embodiinent of the 
invention, the preferred type of cover is 
a mica disc which is secured preferably by 
contact with the sulfur cabedient, and in 
the present case the surface of the embed 
ment when the cover is applied should be 
sufficiently viscous or fluid whereby the 
cover may be stuck to the Saline lipon solidi 
fication of the embecileini. Thereafter the 
nut above the central termina will hold the 
cover in place against possible dislocation 
is cases viere the codenser is enbedded 
through the botton, the cover is first, Se 
ured in position by an annulair ring secur 
ing the same to the top of the casing. The 
arnatire i and te: iniai is tental'ed and 
secured in position. The helied sulfur is 
then poured in forming a unbed 

ing to the 
coin};}ct 

After solidification, the ring is 'e- 
ment up against the cover stic 
Sae. 
moved. 

have also devised a form of condensel 
which is made by building up a stack coin 
posed of alternate conductor sheets and 
sheets of sulfur, the sulfur sheets being SO 
treated, preferably, that they are in piastic 

O e 

condition: that is, shore or less lexible aid 
rubberlike during the building of the stack. 
in the embodiment of the invention show ill 
in Figs. 14, and 15, the condenser stack 5 
comprises a plurality of sections 90 goi- 70 

series and having betweei) the li nected in 
seal'; toi's I projecting beyond the ends of 

it a difference of potential, ties 
coil posed O 

.. 
Si (): 

1 being prefei'ably 
... in this e - 
e stack is listi'. 

its opposite ends 92-93 at st 
sale potential and electrically eli 

ing 9, constituting the io, 
ai, while an intellecti: it 

the stack, a point of high potential, is co 
nected to a central ter''}inal 95 ser:'ed in 
insulating shell 86 of ca: 
tio; referably consists of alter: 

dictor's oi' oil 38: 

eation, ti 

Ri 
Each Sec 
.. r ----. ate sleets 

dieiegfric, 
in the present instance a dielec 

s '. --- - - , i. of suilfur sheets 99. "...fter the 
tions have ineen bin it, and elect 
nected together as illustrated 
ically in Fig. 
'etire for as st getaei Qi easy 

8. 
(). 

sulfur, whi 
100, across 
illustrated in lii 

9 of netal having a renovab 
thlough which the casing inty 
the Steck S embedded with Siirii E. The 
casing 97 is substantially recialingul: in 
cross section, converging at the top, and 
having an annular groove 102 slrounding: 
in opening 102 in the casing 9 at the tel). 

00 

Groove 102 receives the annuitar edge it 
of the poi"ceilin shell O' cap 96 a. 
ing 102 and through which the 

inal xtends and which is secured t, 
the shell by means of a pair of nuts (4-1G. 
threaded upon the terminal upon op 
posite sides of the shell 96, suitable rubber 
vashe's 206 being intelposed between the 
heil and the in its 104-105 for wate'-tight 
less. The shell 96 is sectiired in the groove 
302 of the converging top of the condense' 
by neas of Suitable solder such as a lead 
antimony alloy, the terminai 95 being pre 
viously connected to the central portion 93. 
of the stack by a silitable conductor 107 
shown. The conductor 10 consists 
stranded 5i which are fired out 
failined oilt 

-- - - s e1 $5 

O 

S 
rt 

- 

:RS 
() 
t;" 

ii). 
'ed to the coinected foii 

bunches at 94 unifol'inly over the sarie is 
illustrated in Fig. 15. This form of coin 
hection prevents the tearing of the fragile 
foil tabs (which is preferably airlininuin or 
tin) by the lead which herebe: ore has cor 
sisted of 3 more or less stiff copper strii 
which ended to tea: the foil tahs, in order 
to support the normally upper end of the 
stack Sin spaced relation to the easing when 80 

s 5 

  



invetect :O iiii. 
of the Stack is: Sytc. R 

puri)x}ses, tile lippel' enti 
It i?; - - 

isi citied to 'eceive the parts 110 
, Else ite, ior di; hensions of the cas 

... being such as to easily receive the 
: -, - tie, ). inois 

o secure the 
; i.e. is es' 

31 (vided : 
in : et see: 

it cine side of 
: place. Ali tile 

iiaving higi). 
. . . . . . . minum. The 

:5 sees of stility as a los' described, either i: i) {i : ) is sit iii also e iigid t) in airtain 
Y. . . . . . . . . . . s: . . . . . . it: i: (iiliesian between 

le ite shift," sheets of 
(G: 
i{}; tie foic silig process, 

it: ; ed, may be pricticed with 
i; ified, for for sing Sul 

- eized le: s (, flexible 
{{ {x'. Yiel '(gress is: i. 

aid. She'eve' de 
1}edilients (if other 

ly, those illus 
his process is sub 

iii)''':... it asse; hioled mold 
1 (1 tiny other suitable re 
eilse' casis is leated to ap 

ei'atul'e () )(etween 115° 
around iO C., the 
liquid, watery sul 
is previously heat 

reinafter described, brought 
J. {{...}}eratt'e and, 

rid. is joured i: to the 

it sheets 

s: { { 

3. 
either with or without the 
victiti in befo!'e : hd during 
iiquid silisir toes not entrap 

- 4. it, Siii'. Afte" 
sil: )", at this te:iperature, 
into the old or other cas 

liig, i: , oth nois: {{}}' casing) and 
, one pit 10 be- liquid slit. '... is 'aised to a temperature of 

(h is 12 on one i{50° C. aid SO C, to make the 
the Other less viscid ol' Viscouts. The 

the moid or casing, is then 

especialis - 
sheets or use in c bei coln 
nections. This joid coin}}rises a pair of 

45 coacting paits 1 - 
ing a piate }}'ovi 
side along 

* ..., 

general Siddenly chilled, preiei'a is is irrinersion 
50 tapered 2, C, in coid water or by t lication of 

the casy Feilo fter chilled aii', to Finning the I plastic form 
the fi}}}}}ation I faces of of Saifu having flexibility aid of a rubber 
the old soil lished ol' like nature, ind is case the aold is used, 
{ Oililises piastic sheets in for: (in)fei for building 

; : i. ilipo; tie contenses C; the stack O' 'oli d'O'. It is 
is g between then }}'efered that the thickness of these plastic 
a space X. iii, which the Saifi' inay be hold.- Sileets when formed should je less than 
cd and into which it is lay he conveniently of an inch, as it has it. this time, 
poli'ed, t tion of the 'ectagliai' beel) found practical to thoroiohly chill a 

60 plate it ( ; Ortion 13 of the sheet th: "Gighout when ickness is 
to for in a funnel greater than that, and sheets of , of an 

Ceil suit; may be ich tinick are desirable, it being now pos 
convenientiy 
ed a water-tight tape. G 
its large end, convergin 

e 'e is also provid. sible to obtain very good sheets of , of 
sing 14 open at an inch ii) thickness. The sheets after be 
toward its bot- ing formed in the mold above described are 
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removed and cut to size while still plastic. 
Afterwards sheets formed as above 
described or by any other suitable process 
are incorporated in a stack such as in the 
stack disclosed in Figs. 14 and 15, the stack 
being built while the sheets are plastic and 
the embedment E being also placed in the 
casing while the said sheets are more or less 
plastic before their final setting to the hard, 
compact, non-porous, crystalline form which 
is a characteristic of the sulfur of the 
present invention. In the form of coin 
denser shown in Figs. 14 and 15, the 
separators should have a thickness of ap 
proximately three times that of the dielec 
tric sheets, and the foil should preferably 
be of aluminum and have a thickness of ap 
proximately 10 mills, although the materials 
of the foil and the thickness thereof depend 
upon circumstances and the use to which the 
condenser is to be put. 

Condensers such as the form disclosed in 
Figs, 1 to 5, 14 and 15 may be embedded by 
placing a head upon the top or bottom of the 
casing, the latter them being in an inverted 
position, applying vacuum to remove air 
from the interior of the casing and head, 
and pouring sulfur previously heat treated 
as hereinafter described, in a molten con 
dition preferably heated to between 115° 
and 155° C., filling the head and casing and 
porcelain shell, if present, completely em 
bedding the stack and terminals and form 
ing a compact mass. The head should 
preferably be maintained hot at the top and 
the casing cool at the bottom to provide a 
temperature gradient so that the solidifica 
tion will take place from the bottom up 
wardly. After the molten sulful has been 
poured into the casing, the vacuum may be 
removed and pressure applied to the cooling 
mass of sulfur, preferably air pressure, to 
ensure a solid and uniform mass of filler or 
dielectric, as the case may be. 

Another method which may be emoloved 
for suddenly cooling masses of sulfur to 
form the sulfur dielectric or filler of the 
present invention is to heat the metal part 
in which the sulfur is to be suddenly cooled 
to about 140° C. fill this metal part, un 
der vacuum if so desired, whether a casing 
or mold, with or without a head, with 
watery sulfur which is previously preheated 
as hereinafter described and brought to a 
temperatire of between 115° and 155° C.: 
heating both the receptacle ind sulfur there 
in to a temperature of above 160° C. and 
below 180° C. to form the viscous suifur: 
placing this viscous sulfur with its container 
in the chamber; applying pressure to the 
mass of the sulfur while still hot, this pres 
sure preferably consisting of the application 
of pressure such as compressed air to the 
same: and then suddenly cooling the con 
tainer and sulfur while maintaining the 

pressure. This cooling may be done by 
fol'cing a spiray of water ovel the coindenser 
receptacle or mold under a force greater 
than the pressure of air within the chann 
bei'. 
The product formed by the above proc 

esses and Bathods in connection with heat 
Creatnett as hereinafter described and used 
in coinnection with the condensers of this 
invention such as disclosed in which Sul 
fur is used either as a combined dielectric 
and filler, or in the sheet form, or simply 
as a filler. is characterized by non-friability, 
toughness, non-porosity, cohesion in its 
mass, freedom from internal strains, and 
its great compactness compared to commer 
cial stiliur. The sulfur of the present in 
vention, whether used as a combination filler 
and dielectric, or simply as a filler, or sim 
ply or a dielectric, is free from cracks, voids 
and internal strains which cause the well 
known brittleness and breakdown. The de 
gi'ee of compactness of the sulfur product 
of the allove processes is such that its density 
is greate than the density of the commer 
cial sulfur, roll form, which has a specific 
gravity of 1.92, the special sulful of this 
invention having approximately a specific 
travity of a rhombic crystal of sulfur which 
is 2.0. This compactness is substantially 
uniforin, the dielectric, whether used as a 
combination filler and dielectric or as a 
filler, having a uniform consistency or ap 
pearance free from voids and cracks and be 
ing homogeneous; that is, holosteric. The 
comparative compactness and porosity of 
the sulfur of this invention and commercial 
sulfur may be determined by applying a 
mixture of red ink or other coloring nat 
ter and Wood alcohol or other solvent to 
each. The colored mixture permeates the 
common form, being rapidly absorbed into 
the mass of the material by capillary at 
traction. In the product of this invention, 
no appreciable penetration occurs. The 
processes o' methods employed in the pres 
ent invention not only provide a form of 
sulfur having the characteristics above de 
scribed which distinguish it from the com 
mercial form, but also places and maintains 
the sulfur in intimate contact with the ar 
matures without separating therefrom upon 
cooling. The means employed for doing 
this reside first in the application of poten 
{ial through the armatures and dielectric 
during the cooling process, in the case of 
the first process; secondly, as in the case of 
rapid chilling, by the application of pres 
sure to the dielectric during the cooling, 
this compensating for any shrinkage due 
to the solidification of the sulfur and main 
ining it in intimate contact with the ad 
acent armatures. 
in the above description of the sulfur em 

ediment, and dielectric of the invention used 
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in connection with different types of con 
densers, I have referred to sulfur generally 
without any reference as to whether or not 
any other materials may be incorporated in 
the sulfur to render it more available for 
use in condensers. It is within the Scope 
of the present invention, however, to incor 
porate or use in connection with Sulfur as 
a dielectric other materials in Order to en 
hance its value as a practical dielectric in 
condenser manufacture, such as the eutectic 
materials referred to in the accompanying 
application of G. W. Pickard, filed April 
28, 1921, S. N. 465,079. 
The present invention provides a com 

pact, cheap condenser for general usage but 
especially adapted for low capacity and 
high voltage work and in which the sulfur 
is used as a dielectric, filler, or combination 
filler and dielectric. Sulfur when treated 
by the processes herein described is superior 
to wax for a filler or dielectric, or both, be 
cause of its higher dielectric constant and 
lower loss compared with wax at higher 
temperature and because sulfur withstands 
temperatures of a relatively higher order 
and where brushing occurs does not under 
go chemical change. Wax, on the other 
hand, carbonizes and releases water at higher temperatures. Another property of 
sulfur is its ability to withstand breakdown 
and reheal without any change whatever 
and its apparent greater thermo conduc 
tivity as compared with waxes. 
An advantage of the use of sulfur as here 

in processed or treated in condensers of this 
character resides in the fact that no binder 
or supporting material such as paper or 
other fibrous material, having poor dielec 
tric properties, is necessary in Order 
to maintain the sulfur in proper con 
dition within the condenser. The con 
denser constructions of the present in 
vention co-operating with the special proc 
esses or methods herein provided secure 
compact, non-porous, non-brittle, dielectric 
which requires no supporting medium of in 
ferior dielectric properties such as the paper 
or other fibrous material above described, 
although it is contemplated in some cases 
to use a dielectic therewith in the nature 
of a eutectic in which Small amounts of 
fusible dielectrics having lower melting 
points than sulfur may be incorporated and 
mixed thoroughly with the sulfur to render 
the same more available for the purposes 
of this invention. 
A valuable feature in connection with the 

use of sulfur as a dielectric or filler is that 
when it breaks down, it heals immediately 
and is unimpaired. In cases where a section 
of sulfur dielectric has been broken down 
several hundred times, its final breakdown 
voltage was higher than its first. This is 
unique among condenser dielectrics, and 

resides in the fact that sulfur is an element 
and cannot be decomposed by an electric 
discharge. All that happens when sulfur 
dielectric breaks down is the momentary 
foilation (of a gaseo is Ol' liquid Sulfur, 
which interrupts the electric discharge, liq 
lid sulfur having a higher breakdown 
strength than solid sulfur, and which at 
Once solidifies and restores the condenser to 
its original or better condition. With Wax, 
a breakdown forms carbon and the dielec 
tric is weaker than before. Similarly, with 
linica, the solid is either punctured beyond 
repair, or the chemical composition is so 
broken down as to for a conducting path. 
Again, if the sulfur dielectric should hap 
pen to crack, this crack will rapidly be 
healed and sealed because the lush of cur 
rent following a breakdown seals the fault 
almost instantly. For instance, a yS' layer 
of Sulfur showed initial breakdown of about 
20,000 volts, but after a number of break 
downs its dielectric strength rose to over 
42,000 volts. The ideal condenser dielectric 
is then a simple non-conducting chemical cle 
ment, having suitable insulating and dielec 
tric (?ualities, such as Sulfur or Selenium. 
To ense rehealing of sulfur or selenium 

dielectric, the armatures of the condenser 
should have a fairly good thermal conduc 
tivity and should be composed of relatively 
high melting point metals which are not 
appreciably attacked by Sulfur to form sul 
fides Inde: localized heating due to break 
(low). Fol' instance, thin foils are less 
suited than heavier elements having greater 
thermal conductivity. Stitable materials 
for rehealing condense's are aluminum, 
b'2 SS and iron, which are sufficiently chem 
ically inert to Sulfur under Service condi 
tions as contrasted with copper, which is 
readily attacked by sulfur. The degree of 
the several (Italities or properties required 
in armatires can be valriad relatively to each 
other. For instance, if the thermal con 
dictivity is 'elatively igl, the melting 
point in:ly be relatively lower and the cle 
gree ? cl{}ical ine: les: to siftir lay be 
less. In any event, the character or quality 
of fle innates shold a such that st 
fices (l' ineta streaks will not form a con 
dictive path through the stift ion heat 
ing due to Ji'eakdown. Tinder the aloyo 
conditions, the still fir will immediately re 
heal leaving the col) dense: in its original 
condition. 

Before the above-described processes or 
methods are performed, the sulfur used 
therein is preferably previously prepared by 
melting the roll sulfur of commerce and heat 
ing the molten Sulfur for a period of several 
hours at a temperature to maintain it in a 
molten condition (either viscid or liquid, or 
both). This heat treatment causes a change 
in the commercial sulfur, which may be due 
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to the removal of gases o' Water, or other 
entrapped volatile substances in the con 
mercial sulfur, and produces a cast which 
is compact, hard and cohesive, as contrasted 
with the cast prepared by simily bringing 
commercial roll sulfur ti) to the molten 
condition and allowing it to cool. The time 
required to produce the sulfur with the 
above properties will vary directly with the 
temperature at which it is heated. For in 
stance, I have obtained very good results by 
heating the stilfur for five hours while 
maintaining the temperature at about 185° 
C., and very good results by maintaining a 
telmperature of 170° C. for about ten hours. 
At temperatures above 1S5° C., the sulfur 
tends to catch on fire. Roll sulfur that has 
been simply heated and allowed to cool pro 
duces a cast which generally is a loose 
crystalline mass having a very small co 
hesion in its body. All the sulfur used in 
the herein-described processes or methods 
should preferably be heat treated prior to 
its use as a condense dielectric or fillel ina 
terial, or both. 

It is to be inderstood that the invention 
is at limited to the enbodiments and sea 
tures specifically shown and described here 
in, but that such embodian its and features 
are Subject to changes and modifications 
without any departure from the spirit of 
the invention. 
I claim:- 
1. In an electrical condense, concentric 

Inetal armatures, the outer armature consti 
tuting a casing, a cover of insulating mate 
trial for Said casing, a tertainal projecting 
centrally through said cover and connected 
to an inner terminal, and an embed inent of 
Sulfur within said casing. 

2. In an electrical condenser, a casing, a 
condenser member within said casing, an 
embedment of solid moldable insulating ima 
terial cast within said casing siri'ounding 
and lechanically supporting said heinber, 
t light, weak insulating cover secured to 
said casing by leans of said embedient, 
and a terminal fro; said hemier extending 
though Said cover and claiaped thereto. 

3. In an electrical condenser, concentric 
aluatl l'es, Oile of said : 'innatures constitut 
ing a casing for the other fron which it is 
spaced, an embedment of oldable insulat 
ing material cast, within said casing and 
between said a natures constituting the 

condenser dielectric, a light, weak cover of 
insulating imaterial Secured to said casing 
by means of said embedment, and a termi 
Inal projecting centrally through said cover 
and attached thereto and connected to an 
inner armature. 

4. In an electrical condenser, concentric 
altimatures, One of which constitutes a cas 
ing, an annular member of insulating mate 
rial enclosing the upper portion of said 
casing, the upper edge of said annular 
member being provided with a recess, com 
bined filler and dielectric of Solid fusible 
insulating material within said casing and 
between said armatures, a thin cover of 
nica mounted upon said annular member 
within Said recess and Secured thereto by 
the backing of fusible insulating material, 
and a terminal projecting centrally through 
said mica cover and secured thereto and 
connected to an inner armature. 

5. In an electrical condenser, concentric 
armatures, one of which constitutes a cas 
ing, an elimbedment of compact, non-porous 
Sulfur within said casing constituting a di 
electric, a mica cover for said casing in close 
contact with said sulfur which forms a 
backing therefor, a terminal projecting cen 
trally through said mica cover and Secured 
thereto and connected to said inner arma 
ture, and means interposed between the edge 
of Said cover and the casing for increasing 
the creepage distance between the inner ar 
nature and the Outer armature. 

6. In an electrical condenser, a casing, a 
condenser member mounted in Said casing, 
an embedment of moldable dielectric cast 
within said casing, a mica cover Supported 
upon said casing in recesses On the upper 
edge thereof and secured to and supported 
by a backing of said dielectric, and a ter 
minal projecting centrally through said 
cover Secured thereto and connected to said 
condensel membel'. 

7. In an electrical condensei, the cobi 
nation with concentric metal arnatures, one 
enclosing the other and having a terminal 
opening; of a cover of insulating material 
for said opening; a moldable dielectric cast 
in Said casing-almature in the space be 
tween the latter and the enclosed arimature, 
and a tel'iminal from the enclosed armature 
extending out of the casing-al'mature by 
way of said casing-cover. 
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