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This invention relates to silicon carbide arti 
cles particularly those suitable for use as elec 
trical resistors, and to a. method of making the 
same. 

Silicon carbide resistors, particularly those 
made by recrystallizing the silicon carbide, have 
been found to be highly useful, but their use has 
been limited by the fact that they could be made 
only in simple shapes, for example in straight 
rod-like shapes, and by the di?iculty in provid 
ing such resistors with suitable “cold ends” at 
low cost. - - ' 

The "cold ends” referred to are the ends of 
the rod that engage the holding means by which 
the resistors are supported and by which the 
electrical energy is supplied to the rod. They 
,are called “cold ends” because they have been 
made to have a lower specific resistance than 
that oi the rod proper in order that they might 
not get as hot as the main body of the resistor. 
A lower temperature at the ends of the rod has 
been ‘found to be highly desirable because other 
wise the contact between the rod and the sup 
porting member itself, for that matter, would 
soon destroyed by the high temperature at= 
tained in the main body of the rod. 
@ne object of the present invention is to pro= 

vide silicon carbide resistors not restricted to 
the simple shapes heretofore made and to pro= 
vide suitable terminal portions, or “cold ends)’ 
at a reasonable cost. Other objects oi.’ the in‘? 
ventioo. will become apparent from the following 
disclosure. , 

a better understanding 0! the invention may 
be had by referring to the appended drawing. 

Fig. l is a plan view of one type of resistor; 
Fig. 2 is a side plan view partly in section, oi 

another embodiment; 
Fig. 3 is a plan view of another embodiment; 

and 
Fig. i is a view of still another embodiment. 
Figure 1 represents an embodiment of the 

present invention comprising a resistor oi hex» 
agonal shape made by integrally uniting a plu= 
rality of straight, rod-like resistors l0, and 
terminal members It by means of welds l2. 

Silicon carbide rods made by recrystallizing 
the compact variety of silicon carbide, or mire 
tures of the compact and regular varieties by 
passing a current of electricity through the rod 
are one tom of resistor that can be used. to ad 
vantage in the construction of an article such 

is iiiustrated in Figure 1° 
members it of the article illus 

trated in Figure i can made by subjecting 
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rods of recrystallized silicon carbide, as referred 
to above, or of porous carbon, such as charcoal, 
bonded by a carbonizable material, such as 
casein, to a siliconizing treatment at the tem 
perature at which molten silicon rapidly pene 
trates such bodies. This temperature is be 
lieved to be above approximately 1800° C. Such 
rods will be referred to hereafter as being of 
siliconized silicon carbide, such reference being 
proper because silicon carbide is formed in the 
porous carbon body by the silicon treatment and, 
naturally, there is silicon carbide in the body 
made by siliconizing the recrystallized silicon 
carbide body referred to above. 
The article illustrated in Figure l is made by 

welding the component parts into an integral 
structure through the use of silicon. The ends 
to be joined are coated with a paste comprising 
carbon, a carbonizable binder, such as casein, 
and water and are then brought together on a 
plate of carbon, which can be heated to a high 
temperature by virtue of its being part of an 
electrical circuit. A small quantity of granular 
silicon is placed at the joint in contact with _ 
the parts to be joined current is then passed ' 
through the carbon plate to raise its tempera 
ture rapidly. The parts being joined and the 
granular silicon likewise are raised in tempera 
ture, until the silicon permeates the porous car 
bon rod to form substantial amounts of silicon 
carbide crystals within the rods. The cement 
ing substance used at the joints is likewise acted 
upon by the silicon to form a weld uniting the 
individual parts into an integral object. 
A splicing or welding composition which 1 

' have found highly suitable for cementing the 
joints between the separate parts of the re 
sistors is made up of the following ingredients: 

.- Grams 

Flour _________________________________ __ 200 

Carbon ______________________________ __ 500 

' Charcoal ______________________________ __ 200 

45 

50 
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The above ingredients are thoroughly mixed 
dry and casein glue added to obtain the re 
quired consistency. This consistency can vary 
considerably, but for good results tne following 
trends are observed. For large porous objects 
the splicing compound should have the consist 
ency of a rather heavy mortar and the surfaces 
to be joined should be generously wetted with. 
casein glue and the excess glue wiped off before 
the splicing composition is applied. Small ob 
Jects require a thinner splicing composition, a 



ture control device. 

mix as thin as paint being used on delicate 
jects which will not stand trowelina. _ 

Figure 2 represents another embodiment of 
the invention illustrating the variety of shapes 
into which silicon carbide bodies can be made. 
Figure 2 shows a side plan view partly in .sec 
tion of a helical type heating element which can 
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readily be adapted as an element for a tempera- ' 
In Figure 2, a helical ele 

ment i3, the central terminal rod l4 and the 
- outer sleeve or terminal ii are made up sepa 
rately from a mix of porous carbon and casein 
glue similar toy that used in making'terminal 
elements ll of Figure 1. These parts are then 
joined together at points l6 by means of a weld 
ing mixture and subjected to a temperature of 
at least 1800° C. in the presence of granular 
silicon, whereupon the individual parts are 
permeated by silicon- and transformed into a 
siliconized silicon carbide body. At the same 
time the joints become welded to form an in 
tegral article. The terminal rod I4 and termi 
nal sleeve I5 are maintained in spaced relation 
ship by means of an insulating refractory ce- . 
ment il.. If desired, the individual parts may be 
treated with silicon ?rst to form the separate 

'- silicon carbide bodies and later welded together 
in the manner described. - 
Figure 3 illustrates a silicon carbide resistor ele 

ment of conventional rod shape which has been 
“cold-ended” in accordance with the invention. 

‘ In Figure 3, the main body portion of the rod 
, l8 ismade of recrystallized silicon carbide formed 
by passing a. current of electricity through a rod 
formed from the regular or compact variety of 
silicon carbide. To each end of this rod silicon 
carbide end pieces It made from the carbona 
ceous mix referred to above in Figure 2 are ce 

- mented by means of welding composition such 
as that referred to above to form joints 20. The 
end pieces l9 and joints 20 are then subjected to 
a temperature above. approximately 1800° C. in 

' the presence of granular silicon which when heat 
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‘silicon carbide and/or parts of siliconized sili 
con carbide made from a mixture of porous car-' 
bon and carbonizable materials. ' The latter type 
of body can be treated prior to the welding oper 

‘ ation to form a body containing silicon carbide 
or may be transformed to a silicon carbide body 
at the time of welding. > - 
.Silicon carbide bodies made from .porous car 

bon mixes have numerous properties which make 
them particularly advantageous in the making 
of electrical resistors, and especially in forming 
the ‘.‘cold-end” portions of and extension rods for 
such resistor bodies. Most important of prop- ' 

. erties in this respect is its extremely low speci?c 
resistance (as compared to recrystallized silicon . 
carbide bodies), whereby in‘ operation consider 
ably less watts are generated and the resulting 
temperature of the “cold-end” considerabb' low 
ered. Such material also has a much lower elec- ' 
trical contact resistance which‘tends to prevent it 
from arcing at the points of contact with the ter 
minals or terminal rods and therefore cuts down 
on localized heating or “hot spots.” When such 
arcs do occur through a faulty mechanical con 
tact there is less tendency to sustain the arc than 
in the former type of- cold-ended resistor. 

It is possible also ‘by the present method of 
“cold-ending” resistors to cut down on heat losses 
through overheating of the terminal portions of 
resistor elements and also to eliminate costly wa 
ter-cooling units used with the former type of 
resistor set-ups. 
These and other advantages which readily be 

- come apparent are obtained by the use of resis 
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ed permeates the and rods and joints to inte- ' 
grally unite them to the main rod giving a “cold 
ended” resistance element. 

45 

\ Figure 4 illustrates a helical‘ heating element ' 
having a main body portion 2! and the two 
straight and or contact portions 22 joined by welds 
at the points 22; The parts 2i and 22 are sili 
conized silicon carbide bodies formed from pc 

50 

rous carbon bodies which have been siliconized - . 
by subjecting them in the presence of silicon to 
a temperature in'excess of approximately 1800" 
C. The helical part 2| is formed by extrusion. 
The separate parts 2i and 22 are cemented to 
gether at the points 23, before or after silicon 
izing,‘ by means of a welding composition ‘such 
as that previously given and subjected to a tern- ' 
perature above approximately 1800“ C. in the 
presence of silicon. When the assembly and the 
silicon are heated to such a' temperature the sili 
con permeates the joints and parts to integrally 
unite into an integral resistance element. At, 
such temperatures and even at much lower tem 
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peratures silicon shows a?nity for carbon as in- ' 
dicated by the formation of silicon carbide from 
silicon and lampblack at temperatures as low as 
120W 0. Silicon carbide with an excess of liquid 
silicon forms on solidi?cation of the silicon a 
strong joint of comparatively high electrical con» 

_ ductivity and high thermal conductivity. 
In addition to the speci?c examples already 

given, many other shaped articles can m made 
by welding together parts made oi’ recrystallized 
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tor elements “cold-ended” by welding terminal 
portions of siliconized silicon carbide to a recrys 
tallized central heating portion by means of a 
weldingcompound and treatment herein pre 
sented. ‘ 

Having described my invention, what I claim 
is‘ 

1. A compound resistor comprising a plurality 
of bodies of predetermined size and contour com 
posed principally of recrystallized silicon carbide 
and integrally united by means of welds con 
taining silicon admixed with silicon carbide. 

2. In the manufacture of silicon carbide alr 
ticlescomprising a plurality of individually pre 
formed silicon carbide shapes of predetermined 
size and contour, the process of welding a joint 
‘between two of the siilcon carbide shapes which 
comprises coating the joint with a carbonace 
ous composition and raising the temperature of 
the joint in the presence of silicon to such a de 
gree and for such a time that the said silicon 
permeates the joint and the silicon carbide shapes 
adjacent the joint, and that anintegral article is 
formed on the solidi?cation of the silicon. 

3. In ‘the manufacture of silicon carbide arti 
cles comprising a plurality of individually pre-. 
formed silicon carbide containing shapes of pre-f 
determined size and contour, the steps ‘which 
comprise placing two of the silicon carbide-con 
taining shapes in approximate contact with one 
another, joining the two shapes by means of a 
carbonaceous mix,‘ and raising the temperature‘ 
of the joint in the presence of silicon to such a v 
degree and for such a time that the said'silicon 
permeates the joint and the silicon carbide shapes 
adjacent the joint, and that an integral article 
is formed on the solidification of the silicon. 

4. In the manufacture of silicon carbide re 
' sistance elements, the steps which comprise form 

76 
ing a plurality of individual bonded shapes of 
predeteed size and contour, ‘certain oi’ said 
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shapes consisting essentially of silicon carbide, 
and other of said shapes consisting essentially of 
porous carbon and a carbonizable substance, plac 
ing a silicon carbide shape in approximate con 
tact with a shape of porous carbon and carboniz 
able substance, joining the two shapes by means 
or a carbonaceous mix, raisng the temperature 
of the joint in the presence or. silicon until the 
silicon penetrates the joint to integrally unite the 
two shapes and also heating the porous carbon 
shape in the presence of silicon to convert it to 
siliconized silicon carbide. 

5. A cold-ended silicon carbide resistor com~ 
prising a main resistor of recrystallized silicon 
carbide, terminal bodies of siliconized silicon car 
bide having outwardly extending portions of re 
duced cross-section and joints of siliconized sili 
con caribde connecting said main resistor with 
said terminal bodies in which joints silicon car 
bide is formed in situ by impregnating a carbo- ~ ' 
naceous cementing mixture with silicon at tem 
peatures which cause a strong absorption of ele 
mental silicon into the joint and the adjacent 

' bodies. 

6. In the manufacture of silicon carbide re- \ 
sistance elements comprising at least one indi 
vidually preformed silicon carbide shape of pre 
determined size and contour and at least one in 
dividually preformed shape of predetermined size 
and contour of siliconized silicon carbide, the “ 
steps which comprise placing one 01' the said 
shapes of silicon carbide in approximate contact 
with one of the said shapes of siliconized silicon 
carbide, joining the two shapes by means of a 
carbonaceous mix, and raising the temperature r 
of the joint just formed in the presence of sili 
con to such a degree and for such a time that the 
said silicon permeates the joint and the silicon 
carbide shapes adjacent the joint, and that an 
integral article is formed on the solidi?cation of 
the silicon. Y 

7. In the maniacture of silicon carbide resist 
ance elements comprising at least one individ 
ually preformed recrystallized silicon carbide 
shape 0! predetermine size and contour and at 
least one individually preformed siliconized sili-_ 
con carbide shape of predetermined size and con 
tour, the steps which comprise placing one of the 
said shapes of recrystallized silicon carbide in 
approximate contact with one of the said shapes 
0! siliconized silicon carbide, joining the two 
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shapes by _means of a carbonaceous mix. and 
raising the temperature of the joint just formed 
in the presence of silicon to such a degree and 
for such a time that the said silicon permeates 
the joint and the silicon carbide shapes adja 
cent the joint, and that an integral article is 
formed on the solidi?cation oi the silicon. 

8. In the manufacture of silicon carbide resist 
ance elements, the steps which comprise placing 
an individually preformed silicon carbide shape 
oi predetermined size and contour in approxi 
mate contact with an individually preformed 
shape of predetermined size and contour com 
prising porous carbon and a ,carbonizable sub 
stance, joining the two bodies by means of a 
carbonaceous mix, and simultaneously raising the 
temperature of the joint and the porous carbon 
body with both in the presence of silicon to such 
a degree and for such a time that the said silicon 
permeates the Joint and the porous carbon body 
adjacent the joint, and that an integral article 
is formed on the solidi?cation oi.’ the silicon, and 
until the porous carbon body is converted to a 
siliconized silicon carbide body. 

9. In the manufacture of a compound resistor 
comprising a plurality of individually preformed 

z shapes composed principally of recrystallized sili 
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con carbide, said shapes being of predetermined 
size and contour, the steps which comprise plac 
ing two of the said shapes in approximate con 
tact with one another, joining the two shapes by 
means of a carbonaceous mix, and raising the 
temperature of the joint just formed in the pres 
ence of silicon to such a degree and for such a 
time that the said silicon permeates the joint and 
the silicon carbide shapes adjacent the joint, and 
that an integral article is formed on the solidi 
fication of the silicon. 

10. A cold-ended silicon carbide resistor com 
prising a main resistor 01 recrystallized silicon 
carbide, terminal bodies of siliconized silicon car 
bide, and welded joints of siliconized silicon car 
bide connecting said main resistor with said ter 
minal bodies in which welded joints silicon car 
bide is formed in situ by impregnating a carbo 
naceous cementing mixture wtih silicon at tem 
peratures which cause a strong absorption of ele~ 
mtal silicon into the joint and the adjacent 

es. 
ALBERT H. HEYROTH. 


