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CHEMICAL RESEARCH I N  ICE MANUFACTURE 
BY 

D. B. & Y E  

Un+vmsitgr of IJ1Znoia, Urbam. 

In considering the industrial growth of the country during the 

past twenty years it is interesting to discover that one of the major 
industries which developed during this period was the production of 
artificial ice. It is only possible to gain an accurate conception of the 
true proportions of this development by considering the fact that during 
1929, 54,aX),Oa) tons of ice were produced, the reiail value of which 
was approximately MOO,OOQ,000. As, in addition to its size, the indus- 
try is intimately connected with the efficient maintenance of public 
health, its problems deserve particular attention in the form of effective 
research. In the past this attention has been centered in studies con- 
cerned with the efficient operation of the mechanical units comprising 
the refrigerating cycle. During a recent investigation conducted at the 
University of Illinois, however, problems more intimately concerned 
in the production of artificial ice itself have been made the basis of 
extensive research. 

From a mechanical standpoint the manufacturing process does not 

include an extremely involved procedure. A gaseous refrigerant, usu- 
ally ammonia, is compressed to a liquid by means of mechanically 
operated compressors and is then allowed to boil at the expense of 

heat absorbed from a concentrated salt soltrtion containing either sodium 
or calcium chloride, commonly called a brine, the freezing point of 
which is below that of pure water. Heat exchange is effected in an 
apparatus which effectively separates the two liquids by means of a 
metal wall. The ammonia vaporized during the process is again com- 
pressed, cooled in a water condenser, and returned as a liquid to the 
evaporator, thus operating as a continuous, closed system, The net 
effect of using the refrigerant is to remove heat from the brine and 
to deIiver the heat thus extracted to the condenser water used to cool 
the ammonia gas follawing its compression. 

The brine, cooled by the removal of heat in the ammonia evapora- 

tor, is rapidly circulated past steel cans containing the water to be 

lThie  artlcIe ia bnaed on data previouely pubIi8hed In Englneerhy Erperlment 
Station Enlletin No. 219. "The Treatment of Water for Ice Munufacture, by Professor 
Dnna Burke, Jr., Chemical Engineering Div3sion, Unlverdtg of Illinois. 

Released for publication by permlsslm of Dean 11. S. Ketchurn, Dlrector of the 
Engineering Experiment Station. Unirersity of Illlnofs. 
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from the brine and placed in a thawing tank which is filled with warm 
water, Here a thin layer of ice is melted from the sirles and bottom 
of the cans, thus allowing the ice to be removed. The ice removed, 
the cans are refiIIed with water and returned to the freezing tank. 

The production of ice is thus seen to result from the expenditure 
of mechanical energy, the total work required being equivalent to that 
used by the compressors to return to its original liquid state the am- 

monia vaporized during the extraction of heat from the brine. In 
the original plants the only economical motive power available was 
that obtained f to produ 2dure which 
fortunately ser pose, as reing passed 
through the compressors was candensea ro proouce aistilled water. 
When this water was quietly frozen in cans immersed in the freezing 
brine the ice produced was invariably transparent, due to the almost 
complete absence of dissolved salts. The effect of this practice was 
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the temperature is lowered. a point is finally reached at which solid 
water or ice forms, and as heat continues to be absorbed from the 

solution, the formation of ice coi~tinues. With t l~e  separation of water 
as ice, however, the salts in the unfrozen solution are more and more 

concentrated, until a point is finally reached at which either of two 

conrlitions occasioning the formation of opaque ice results. 

Exo. 1. Ice frozen, from a solution containing dIssoIved salts under con- 
ditions that invariably produce hlghly transparent ice when the solution 
being frozen is distilled water and therefow free from salts. Thls ice is 
completely opaque, opacity having resulted from the fact that its optical 
properties have been rnaterinllp affected I>? the prenence of the dissoIved 
salts in the water Prom which the ire crystals formed. 

(Cortdeay Engineeritfp I?xperdment Stntian, Univer8ity of IIHnds.) 

If the composition of the original solution is such that an insofubfe 

compound may be formed as the result of concentration, solid salt  rill 
eventually separate with the ice as an eurectic mixture. Due to the 

fact that an eutectic generally possesses optical properties which differ 

from those of pure ice alone, the solid will appear opaque, A further 
disadvantage of the separation of an eutectic mixture lies in the fact 
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obviously necessitates refilling the core c a v i ~  with a fresh supply of 

the water originally used. 

When the salt solution is first subjected to freezing, extremely 
rapid cooling fakes place at the sides of the metal can. This results 
from the fact that the heat conductivity of steel is comparatively high 

Fro. 3. Ice from a solution containing a high concentration of  dfsmlved 
salt frozen under conditions resulting from air agitation applied according 
to the method illustrated In Figure 2, The opaque shell encasing the ice 
cake and the thick opaque corp are typical results oY ineffectixe a~itntton. 
Ice of thia quality ia thoroughlp unmarketable. In the past the only remedy 
for this condition has been to distill the water to Temove the salts. Such 
procedure prevents the electrification of the manufacturing process and 
rnaterlally incremes the cost of production. 

(Courtesy Engi~eeTi%g Erperimcat Btation, UnivesS'ity of Itldads.) 

and that the freezing brine in the average plant is maintained at a 

temperature 1 6 O  F. below that at which ice initially forms. 

This layer of ice which forms first is of course surrounded by all 
of the unfrozen solution. Actually, however, it may be considered to 
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the agitation cFeveloped by means of air has been relatively inefficient. 

The air was delivered to a single point located near the center of the 
1)ottom of the can (fig. 2) resulting in the effective movement of the 

liquid being limited to the form of an ii~verted cone whose apex cor- 

responds to the point of entry of the air. The maxiinurn agitation 
results, not at the sides of the can, hut in the center. It is at the sides, 

Fm. 6.  Ice from the same water which produce1 ~arketable pro- 
duct s l~own in Figure 3 frozen in the new tyne of ice rn irl Figure 4. 
In order to judre the qtralitv ol this ice from the stanlrninc o i  rm7s7arPncv. 
reference should be made to Figure 6, which indfcates the ice produced from 
distilled water agftaterl by air (luring the Preesing operation. 

(Gourtrsy fln:rin~erilrp firpcrirni'nt Rtation, L'n~i-ersity of Zlllnds.) 

however, tltar the most effective agitation is needed, especially during 
the initial freezing. A n  example of inefficient agitation where the 

initial salt concentration of the water being frozen i s  high is r;ho\t.n in 

figure 3. As a I-esult nf such procetlme it has formerl!r been considered 
impossible to prorluce marlietable ice from raw water sources contain- 
ing salts in excess of six I ~ u n d ~ + e d  to seven hutwlrerl pans per million. 
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As a result of this investigation it has been determined, on the  
hasis of both laboratoq and plant scale operations, that thoroughly 
marketable ice ~ade from any naturaI water source which may 

be considered a ustrial supply, so that it is no longer necessary 
to distill watel :r to render it suitable for the production of 

marketable ice. Appro] i of the ice produced is still 
being manufactured in the lower operating 
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RG. 7. Dehlls of the experimental ice 
University of Illinofs to facilitate further in 
in the efficient manu~acture of artificial ice. 
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many steam installati le steam generating equipment, for 
example, may :cently i that the depreciation 
loss incurred I mot yet mically absorbed. As 
the result of the present investigation, ~ G W C Y ' I ; I ,  Lontrol of the physical 
and chemical conditions at the surface of the growing ice crystaI h a  
been shaw-yn to be sufficient to produce clear, transparent ice in electri- 
fied plants, whenever desired, from any natural water found in the 
United States. 
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