
research laboratories of a nianufacturer 
of commercial sterilization equipment. 
Plastic bags containing red cclls and 
plasma processed through the various 
afore-described bo'ivls were shipped from 
Goston to Erie, Pennsylvania, by air ex- 
press. Sliipmcnts were rnade twice weekly 
during an 8-month period and comprised 
81 samples: 39 bags of red cells, 41 bags 
of plasma, and one bag of whole blood 
reconstituted after processing. Upon ar- 
rival in the collaborating laboratory, all 
samples were cultured and studied, util- 
izing techniques that followed closely 
those outlined in the 14th revision of 
U.S. Pharmacofioeia. 

The results of this study, comprising 
1040 cultures on 39 samples of red cells, 
41 samples of plasma, and onc sample of 
whole blood, were negative for bacterial 
growth with the single exception of the 
cultures from one bag of plasma that 
had ruptured during aerial shipment. 
Since completion of this study, the ade- 
quacy of the seal has been further cor- 
roborated by the routine processing of 
more than 500 samples of blood products 
which subsequently have undergone cul- 
ture or direct in uivo use. 

Concurrently with the bacteriologic 
testing, 43 routine samples of red cells, 
plasma, and platelets were also tested in  
animals for pyrogenicity. Rabbit testing 
was carried out at the Commonwealth 
of Massachusetts, Division of Biologic 
Laboratories according to U.S. Plaarma-
copoein, revision 14. The tests showed a 
uniform absence of pyrogens. The same 
500 samples of blood that have corrobo- 
rated the sterility data also have shown 
freedom from pyrogens. The satisfactory 
performance of the equipment in this re- 
gard is believed to be due to the simplicity 
of the bowl assembly. Each of the three 
bowls can be disassembled into a conical- 
shaped upper and lower half (similar for 
all types of assembly) plus any one of 

the three central bowl inserts (Fig. 6 ) .  
These latter arc varied according to the 
type of centrifugation desired. 

General Equipment 

The  three bowl principles outlined 
here and the complete seal unit have 
been incorporated into a single dual-unit 
drive mechanism (Fig. 7 ) .  This equip- 
ment has recently become available com- 
mercially (17) for research use. I t  con- 
tains complete refrigeration equipment 
for prompt cooling to -I-4°C with main- 
tenance at ternperatures between 0" and 
t. 10% throughout the period of experi- 
mentation. I t  is mobile and can be oper- 
ated from standard electric circuits of 
25-ampere, I 15-volt, 60-cycle single 
phase. Its dual-drive control permits two 
completely different experiments or types 
of centrifugation to be carried on simul- 
taneously. The activation and braking 
mechanisms permit sensitive control, so 
that the speed of centrifugation can be 
varied without turbulence. 

Visualization of the separation process 
is not possible until after the initial over- 
flow of plasma. This occurs at  about 7 
minutes following institution of a stand- 
ard red ccll-plasma separation. For vol- 
ume measurement, one can compute the 
measured overflow content (volumetri-
cally in a bottle, gravimetrically in a bag) 
and add to the fixed volume of the bowl. 
For standard operations in which accu-
rate volume measurement is riot required, 
simple timing of flow rate has proved 
satisfactory. For example, in standard 
blood separation directly from a donor, 
the flow is interrupted after 10 minutes 
on the presumption that approximately 
I. pint of blood has been collected. 
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cook food, and to generate electricity. 
Wherever conventional fuels are in short 
supply, wherever energy requirements are 
small and sunshine is abundant, solar en- 
ergy may find limited application. But in 
all these uses it remains a substitute in 
the true meaning of the word. I t  must 
compete economically and in conveni-
ence with other forms of energy. Accord- 
ingly, evhenever conventional forms of 
energy, including nuclear energy, become 
readily available, the use of solar energy 
loses its economic or technical justifica- 
tion. 

There is, however, One in 
\\hich solar energy is superior to any 
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other form of energy presently available, 
nameiy in the field of high-temperature 
research. 

Conventional High-Temperature 
Furnaces 

Conventional furnaces used in high- 
temperature research have a number of 
serious shortcomings. The first of these u  

is the relatively low temperature ceiling 
that is obtainable. With gas-fired fur-
naces, the temperature maximum is 
about 1800°C. Electric resistance fur-
naces may reach higher temperatures, in 
special arrangements up to 2800°C, but 
heavy penalties must be payed in the re- 
duced convenience and flexibility of op- 
eration. In  such furnaces an inert gas at- 
mosphere has to be maintained, and this 
has many inherent complications. 

The  theoretical temperature limit of 
the induction furnace is the melting point 
of the magnetic susceptor material in 
which the high-frequency alternating cur- 
rent generates heat by induction. In  prac- 
tice, however, temperatures seldom ex-
ceed 2700°C, since even above 2000°6 
radiation from the susceptor becomes 
very intense. Insulators and reflectors 
have to be used to keep energy losses low 
and to prevent failure of the copper re- 
duction coil. In many cases, a water cool- 
ing jacket is used between the work coil 
and susceptor. As a consequence, the in- 
duction coil and susceptor are placed 
farther apart; hence, the coupling is poor 
and the maximum obtainable tempera- 
ture is lowered. 

Another restriction on induction fur- 
naces is that only magnetically suscepti- 
ble materials may be directly heated in 
it. If the sample is not a susceptor, an 
auxiliary susceptor has to be used, and 
the sample is heated by radiation. I t  is 
very difficult to find a satisfactory auxil- 
iary susceptor, because it must have a 
higher melting point than the desired re- 
action temperature, and it should not re- 
act with the sample, the parts of the fur- 
nace, or the atmosphere in the furnace. 
Carbon is frequently used as an auxiliary 
susceptor, but the reduction of oxides 
and the formation of carbides constitute 
a serious limitation, 

Carbon-arc furnaces are used for 
higher temperatures, but the reduction 
of oxides and the formation of carbides 
are even more restrictive here. I n  addi- 
tion, the hot zone is very small, uniform 
temperatures are difficult to obtain, and 
close temperature control or gradual 
change of ternperature is impossible. 

Whether they use gas or electricity, all 
these furnaces have one disadvantage in 
common, the need for a container to hold 
the sample being heated. The container 
should exhibit good mechanical and 

Fig. I. Correlation of reflector dimensions 
and maximum obtainable terrtpcrature 
of paraboloidal concentrators of solar 
radiation; n = diameter/focal length. 

chemical stability at  the operating tem- 
perature, and it should not react with 
the sample or any other matter in the 
furnace. In many cases, it is also desira- 
ble that the sample should not become 
an electric conductor or magnetic sus-
ceptor even at  high temperatures. I t  is 
very difficult to meet these requirements. 
Frequently, before an investigation at 
high temperature is undertakcn, an aux- 
iliary research project has to be carried 
out to develop a suitable container mate- 
lial. This secondary project may require 
more time and effort than the investiga- 
tion of the main problrm, and sometimes 
no satisfactory container material can be 
found. 

Advantages of the Solar Furnace 

The use of solar radiation to generate 
high temperatures offers an elegant solu- 
tion to these problems (2) .  The temper- 
ature limit is thereby extended beyond 
the previously mentioned values. With a 
60-inch-diameter solar furnace, 3500°C 
has been reached at  Fordham University, 
and it is possible to build furnaces to 
reach temperatures of more than 4500°C. 
Figure 1 shows the corrclation of reflec- 
tor dimensions and maximum obtainable 

Fig. 2. Schematic diagram of solar furnace 
for high-temperature research. 

temperarule. 'The upper curve (coeffi-
cient of reflection = 0.9) represents values 
for highly polished silvcr or aluminum 
reflectors. R/Ictals of bettcr corrosion re- 
sistance, such as stainless steel and stel- 
lite, would yield tcmperaturcs along the 
lower curve (0.7). All these values rcfer 
to geometrically perfect paraboloidal re- 
flectors. 

Just as important as the high tempera- 
ture is the ideal experimental condition 
that exists in a solar furnace. Radiation 
energy is a very pure heat source. No 
combustion products and no vapors of 
refractories or resistance elements are 
present as contaminants. Since the mate- 
rial to be heated acts as its own crucible, 
reactions bettvecn sample and container 
are climinatcd. Also climinatcd are reac- 
tions between the sample and other parts 
of the furnace, since the parts of the fur- 
nace remain virtually a t  atmospheric 
temperature during the entire heating 
process. 

Since it is possible to raise the temper- 
ature to 3500°C within a few seconds, 
the cycle of heating is very short. The 
cooling pcriod also is very short, since 
the sample is not surrounded by a large 
mass of hot refractory material. Thus, 
effective quenching, so important in 
phase studies, can bc performed conveni- 
ently. If, howcvcr, slow heating or slow 
cooling is requircd, these too are possible, 
since the ternpcrature can be controlled 
closely evcn at the top range. Further-
more, it is possible to perform the hcat- 
ing in air, in any desired atmosphere, 
and at low or moderate pressure. 

Heating the sample under expcrimen- 
tal conditions is only one part of high- 
temperature research. I t  has to be com- 
bined with observation and measurement 
during heating. These too can be accom- 
wllshed far better in the solar furnace. 
Since only part of the sample is hcated, 
and since the entire surroundings remain 
at  atmospheric tempcrature, the obser- 
vation and measuring instruments mav 
be placed quite close to the sample. 
Thcre is no electromagnctic field to in- 
terfere with the measurenient of electric 
properties. I t  is possible to repeat a test 
within a ferv seconds by moving, with 
the aid of a servomechanism, an unre- 
acted portion of the sample into the focal 
point. 

Operating Principle 

Figure 2 shows the operating principle 
of the solar furnace. Solar radiation is 
concentratcd by a paraboloidal rrflector 
on the sample placed in the focal zone. 
Since the reflected radiation forms a 
double cone (dotted line) with the apex 
at  the focal zone, the size of the heated 
area may be increased by moving the 
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sample along the axis of the cones in 
either direction. As the .heated surface 
increases, the energy density-that is, the 
temperature-decreases. Another method 
of decreasing the maximum temperature 
consists of moving a reflecting cylinder 
C into the position indicated by the 
broken line, thus preventing part of the 
reflected radiation f ~ o m  reaching the 
sample. By making the movement of both 
sample and cylinder continuous, good, 
gapless temperature control may be 
achieved. 

The solar energy reaching the atmos- 
phere of the earth is 2 calories per min- 
ute, per square centimeter. Because of 
atmospheric absorption and dispersion, 
this value is reduced to approximately . . 
1.6 calories per minute, per square centi- 
meter by the time the energy reaches the 
surface of the earth. Accordingly, under 
ideal weather conditions each square cen- 
timeter of the reflector receives approxi- 
mately 1.6 calories of heat every minute 
and reflects it into the small focal area, 
thus producing a very high concentration 
of energy. Since the reflector cannot be a 
geometrically perfect paraboloid and 
cannot have a reflection coefficient of 
unity, some energy losses are unavoidable. 

The cause of a further decrease in 
energy density at the focal zone is illus- 
trated in Fig. 3, in which the real path 
of solar radiation in a large-aperture re- 
flector is illustrated. The image of ,the 
sun is defined by an angle of 32 minutes 
at any point of the reflector. The image 
recreated at the focal zone naturally is 
defined by the same angle. At a point 
close to the rotational axis F of the re- 
flector, image 2 is reflected, forming cone 
2,. The intersection of the sample with 
cone 2, forms the base of the cone, which 
is approximately a circle of d ,  diameter. 
The axis of cone 2, is L,. A point farther 
away from F reflects cone 1,. The base 
of this cone is an ellipse with a major 

Fig. 3. Formation of the reflected image 
of the sun; a represents 32 minutes. 
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Fig. 4. Front view of the solar furnace at Fordham University. 

axis of dl. Since L, (the axis of cone 
1,) is larger than L,, the area of ellipse 
dl is greater than the area of circle d,. 
The total energy content of both cones is 
equal; therefore, the energy density is 
greater in circle d,  than in ellipse dl. 

A further temperature gradient results 
from the fact that the central part of the 
focal zone receives energy from all points 
of the reflector, whereas the outer part 
of the zone is heated only by reflection 
from the peripheral portions. Accord- 
ingly, the peripheral parts of the reflec- 
tor make no considerable contribution to 
the highest temperature zone. This ex- 
plains why no further rise in temperature 
can be obtained by increasing the aper- 
ture n above 4 (Fig. 1). 

Since the central parts of the reflector 
contribute greatly to the high energy 
density, it is very unfortunate that exactly 
this valuable portion is shaded by the 
sample and the temperature-control 
mechanism. The completely shaded cen- 
ter part of the reflector is cut out, since 

optical pyrometer mounted in measur- 
ing position is seen at  the center of the 
mirror. An I-beam runs across the front 
of the furnace. Mounted on the I-beam 
is a carriage that can be moved sideways 
with the aid of a servomotor shown at 
the far left side. The carriage contains 
the sample holder and positioning mech- 
anism, which is activated by three servo- 
motors. One of these motors is at the 
center of the photograph. Surrounding 
the carriage is a highly polished alumi- 
num cylinder. This cylinder can be low- 
ered or raised mechanically, thus decreas- 
ing or increasing the amount of radiation 
reaching the sample, as is explained in 
the discussion of Fig. 2. 

The back of the furnace can be seen 
in Fig. 5. The optical pyrometer in the 
observer's hand is used for temperature 
measurements. The switchboard on the 
right side controls the operation of the 
servomotors. Thus the observer, without 

it would not participate in the concen- 
tration of energy anyway. The opening 
thus obtained is used for the mounting 
of observation and measuring instru- 
ments. 

Fordham Solar Furnace 

The solar furnace at Fordham Univer- 
sity was constmcted from a 60-inch 
searchlight. Figure 4 is a front view of 
the furnace. The highly polished parabo- 
loid mirror at the back of the furnace Fig. 5. Rear view of solar furnace at Ford- 
reflects the inverted image of buildings ham University, showing mounted optical 
and trees. The observation hole with an pyrometer and control switches. 
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for research on solar furnaces. The inves- 
tigator first has to determine the condi- 
tion he wishes to maintain and then de- 
sign his heating and measuring equip- 
ment accordingly. The lack of reports on 

Fig. 6. Mullite sample being heated in the solar furnace. 

leaving his post, can change the position 
of the sample in every direction, move 
a fresh part of it into the focal zone, and 
control the temperature of the focal zone. 
Finally, Fig. 6 is a view through the ob- 
servation opening during the heating of 
a sample of mullite. The construction 
of the sample holder is visible in detail, 
together with the chain-sprocket system 
of the positioning mechanism. The bright 
circle on the mullite block is the heated 
area, and the dark spot is a cavity that 
was melted into the sample during a pre- 
vious run. 

Although the maximum temperature 
may be reached within a few seconds, 
it may be necessary for certain measure- 
ments to maintain uniform temperature 
at the same spot for a longer period of 
time. Therefore, an automatic system 
was developed to guide the mirror so 
that in its rotation it will follow the ap- 
parent motion of the sun (3). Solar fur- 
naces constructed especially for this pur- 
pose are mounted on a polar axis and 
need only a synchronous motor for the 
proper rotation of the reflector. 

Solar furnaces will become important 
tools of fundamental high-temperature 
research. At present, the determination 
at temperatures above 2000°C of the 
simplest physical constants-for example, 
melting point, boiling point, vapor pres- 
sure, and so forth-presents great diffi- 

culties in equipment and instrumenta- 
tion. ~easurements of specific heat and 
reaction rates are limited to even lower 
temperature regions. Studies of crystal- 
line properties and phase changes are 
particularly hindered by the container 
problem at elevated temperatures. 

The pure experimental conditions and 
high temperature range of the solar fur- 
nace offer a much needed relief. Some 
work already has been reported in this 
direction (4). Studies of electric and op- 
tical properties require single crystals of 
extremely high purity. If the material to 
be studied has a high melting point, the 
growing of single crystals is impossible 
without introducing a variable amount 
of impurity from the environment of con- 
ventional furnaces. Single crystals were 
grown in the solar furnace of Fordham 
University from highly refractory oxides, 
such as ZrO,, without allowing them to 
come in contact with any material other 
than air. I t  may be worth while to men- 
tion that the solar furnace, besides being 
a research tool, is used at  the high-tem- 
perature laboratory of Fordham Univer- 
sity to make the hot junction bead on 
thermocouples. Eliminated, by this 
method, is the possibility of carbon con- 
tamination, which is always present dur- 
ing the conventional carbon-arc melting 
method. 

No one experimental setup is available 

experiments already completed forces 
every investigator to start afresh. Some 
consolation for this lack of interchange 
of information may .be found in the fact 
that this situation is likely to produce 
several independent approaches to simi- 
lar problems. 

The importance of increasing our 
knowledge .of the high-temperature prop- 
erties of matter is not academic alone. 
In  many fields of technology, great ad- 
vances can be expected once we cross 
this "temperature barrier" in knowledge. 
Two examples will illustrate this state- 
ment. At Dresent the tem~erature in the 
combustion chambers of jet engines- is 
about 750°C. If this value could be in- 
creased to 1300°C, the fuel consumption 
of the engine would decrease to half of " 
its present value. No engine material, 
however, is available to withstand such 
a high operating temperature. The de- 
velopment of a satisfactory material or 
combination of materials would have 
great military and economic importance. 

A second example is found in the de- 
velopment of atomic power plants. The 
operating temperature of atomic piles is 
limited by the refractory properties of 
the construction and shielding materials. 
Whenever better refractory materials be- 
come available, the thermal efficiency of 
atomic power plants will increase greatly. 
In the search for better materials for the 
combustion chambers of jet engines, bet- 
ter refractories for atomic reactors, as 
well as much other high-temperature re- 
search work, the solar furnace may be 
used to great advantage. 

Only a few solar furnaces are used at 
present for research, but considerable in- 
terest has been shown recently in this 
unique tool. The great potentialities of 
the solar furnace and the favorable reac- 
tion it has created in science and indus- 
try justify the hope that a large number 
of the furnaces will be constructed and 
used for high-temperature research. 
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