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To solve soil problems involving heat capacity 
and heat flow, soil specific heat capacities must 
be known. In the past, most reported soil specific 
heat capacities were determined by the "method 
of mixtures" (3, 4, 5, 6). Briefly, this method 
consists of heating a substance to a particular 
temperature and quickly mixing i t  into a liquid 
medium of known temperature and known 
specific heat. Ideally, from the law of conserva- 
tion of energy, the heat lost by the substance 
must equal the heat gained by the liquid. By 
knowing the masses involved, the changes in 
temperatures, and the specific heat of the liquid, 
the unknown specific heat may be easily com- 
puted. 

While the theory is relatively simple, accurate 
measurements are quite complex. Difficulties 
arise in accounting for such factors as thermal 
leakage of the calorimeter, heat generated by the 
stirrer, and evaporation of liquids. In addition, 
the heat absorbed by the calorimeter and acces- 
sories must be considered. For coll~oidal materials, 
such as soils, the measurements become more 
difficult because of the "heat of hydration." 

Many early investigators of soil and soil 
mineral specific heats (4, 5, 6) reported values to 
the third and fourth decimal place. Calorimetry 
of this precision is costly, time-consuming, and 
requires extensive training and experience. In  
view of the variation in most soils, such precision 
may be unwarranted. Thus, the l~urpose of this 
investigation was to find a method to measure 
soil specific heat that demanded less training, 
time, and expense and yet gave reslults sufficiently 
accurate for most soils work. 

THEOILY 

The radiation method of measuring specific 
heats is based on "Newton's L ~ I N  of Cooling," 
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which states that the rate a t  which a body cools 
is directly proportional to the temperature 
difference between the body and its surroundings, 
providing this difference is small. This relation- 
ship is easily derived from the Stefan-Boltzrnann 
radiation law and Prevost's law as follows: The 
Stefan-Boltzmann law states that for a "black 
body" 

Prevost's law states 

By substitution 

For a "non-black body" 

Assume that T1 is the absolute temperature of 
cooling body and that T2 is the absolute tempera- 
ture of its surroundings, a large heat reservoir the 
temperature of which remains constant during 
heat exchange. Further assume that TI - T z  is 
small compared with both TI and T2. Then 
equation [5] reduces to the following approxi- 
mation : 

where 

dQ = net rate of radiant energy loss dt 
R1 = rate of radiant energy loss per unit 

area 
R2 = rate of radiant energy gain per unit 

area 
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a = Stefan-13oltzmann constant 
E = emissirity of cooling body 
k = radiation constant of cooling body 
.I = surface area of cooling body 
TI = temperature OK of cooling body 
T 2  = temperature "I< of surrouridir~gs 
K = proportionality constant. 

If the temperature cliangcx of the eoollng body 
is sufficiently small for its spccific h a t  to be 
considered constant, the relation between net 
rate of energy loss and the rate of temperature 

is the sarne, the radiation constant le is thc same, 
and thc temperature of thc surrounding wator is 
the s a m  and almost constant, thcn from cqua- 
tions [d]  to [6] when the two cups have thc sarnc 
temperatures (not necessarily simultaneously) 
their net rates of energy loss are equal. Therefore 

Since the above method is only an approuima- 
tion, finite differences may hc used in equation 

change is :IS follows: 

Q = mcT 

where 

Q = thermal capacity of cooling body 

f? = net rate of energy loss 
dt 

dT - = rate of temperature change 
dt 
T = temperature of cooling Imly 
nl = mass of cooling body 
c = specific heat of cooling body. 

Equations [6] and [8] :Ire the basis of 
radiation calorirnetcr. 

[9]. Thus 

I71 AQA _a8 - 
At, At, [ 101 

Is' Customarily this procedure is used to &%ermine 
the specific heat of liquids. In  doing so, one cup is 
filled with distilled water, the other with the 
liquid being tested. Both are heated to the same 
temperature antl then placed in radiation ralori- 
meters and allcwed to cool. By comparing the 
cooling curves, one easily computes the specific 
heat. A detailed description of the complete 
procedure is given by Weber (7) and in Ccnco's 
selected experimmts in physics (1) 

I3ecause of the simplicity of operat~orl, ttrc 
ease of computaion, and commercial availabilit> 

the of the rad~atiori calorimeter, it mas derided to  
:~dapt  it  to soil specific heat determinations. 

Figures 1 and 2 shov :L radiation calorimeter 
both disassembled a d  assembled. Sinw the two PKOCEDURI~: 

chromcd brass cLul)s mere so ronstructed that  A soil-watcr or mineral-natc>r rn~xturc, was 
their sizes, finishes, antl masses were almost ~)lacwl in one of the cups; distilled ~vater was 
identical, they may be consitlered itlentical plarcd in the other. All soils and nlinerals were 
cmittcrs. Since for each cup the surface area & I  groutid, scrrencd, and oven-dried a t  50°C. Tllc 

Fro. 1. Disasse~nhled radiation calorirnetrr, showing water bath, t11ermor1leter.s and stoppers, evacu- 
ated tul>es, and radiation cups. 



FIG. 2. Radiation calorimeter in use. Cup il 
contains water; cup R contains t soil-water nrix 
tnre. 

dry n1:tterials \vcw  laced in th r  cdorinwtcr 
cup; distilled \\:~tcr ~ 7 a s  :ttlded until satur:ttion 
was rc:tchetl. I t  was nccSessq to soak the finc- 
tc\turetl soils ovcrnight. 

ISoth cups n e w  fillrd to the sanlc Icvd, ahout 
four-fifths full Ruljht~r stol)pcrs a i d  thcr- 
momrters wcrv then inserted. Thc thcrmomcters 

From equation [lo] i t  follo\vs that  

wcw submcqed to about two-thirds the depth 
of thv cul). 'l'he cups were then 1)artially sub- 5 0  
~nrrgrtl  in boiling water until tlw ther~nonietrrs 
both red about 50°C'. Then the cups n r r r  rc- 

from tht4r surf:tces, were placed in the calo- 
rimctcr. 

Khilc thry cooled in thc calorimeter, each 40 
thermonwler was read itt 1-minute intervals for 
a I -hour period S t e ~ n  magnifiers were used to 

'C 

f:rcilitatc rc:ttlings From these rmdings cooling 
3 5  

churvc~s \vew eckddishd for each cup (fig. 3 )  AT 
was arbitrarily chosrn from 37" C. to 29" C. 
and from tho cwling c m . \ ~ s  thc time At i t  
tooh c ~ 1 1  cbril) t,o tlrop through that  intc.rv:tl was 3 0  

lou11tl. 

where 

AT = tempcraturc tlrol) in "C for cups 1 
and B 

At4 = time in ~ n m u t r s  for cup B and con- 
t rnts  to  drop AT 

AtB = time in minutes for cup B  and chon- 
tcmts to drop AT 

mu,  = grams of water in cup -1 
rn," = grams of water in cup B 
m, = grams of soil 
(a, = specific heat of n a t r r  In cal./g. "C 
, = specific heat of soil in cal /g. O C  
( i l q  = thcrninl capac~t j  of cul) . I  and 

thcrnlonletcr in cal /"C 
CH = thermal capacity of cup B :tnd 

thermonwtcr in cal./"C. 

:tnd 

C(.1 or B)  = (VT , , )  (0.46 cal . / rmi  O C  ) 
+ (wr,) (0.090 cal./g "C.) 

sl)ccific Iwat was computed as follo\vs: 
From (quation [S] i t  if; c,vidrnf, that  

A - WATER 

8 - WATER AND CORUNDUM 

I 
10 2 0  3 0  4 0  5 0  

r A , 7  
MINUTES 

Illi F I G .  3.  (holing curves for corundum :mtl w:itrr 
mixture (H) and water ( r l ) .  A(,, is the time n e c w  

1 sary for curve A to drop A T ;  At,, is the time which 
i t  took cnwe I j  t,o drop 37'. 
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TABLE I 

Soil and mineral specific heats as  determined with a radiation calorimeter and their comparison 
with values determined by  the "method of mixtures" 

I Radiation Method Method of Mixtures 

Materials 

where 

37°C to 29'C 

Derby loamy sand.. 
Cass loam. . . . . . . . . .  
Solomon clay. . . . . . .  
Sutphen silty clay.. 
Sarpy fine sandy 

loam . . . . . . . . . . . . .  
Coarse quartz sand. 

. . . . . . . . . .  Hematite. 
. . . . . . . . . . .  Apatite.. 

. . . . . . . . . . . . .  Albite. 
. . . . . . . . .  Microline.. 

Lithographic 
. . . . . . .  limestone.. 

. . . . . . . . . .  Dolomite. 
. . . . . . . . .  Corundum. 

( V t h )  = volume of submerged 
portion of thermometer 
in ~ m . ~  

m, = mass of cup in grams 
0.46 cal./cm.3 = thermal capacity of 

thermometer 
0.090 cal./g. "C. = specific heat of brass 

cups 

The thermometers used in this experiment were 
of laboratory grade with a range of 0" to 51°C. 
Subdivisions were marked in O.l°C. intervals. 
Arbitrarily one was chosen as correct; the other 
was corrected to it  by a calibration curve. This 
curve was established by submerging the two 
thermometers in distilled water hea,ted to 50°C. 
and reading each as the stirred water cooled to 
25°C. The thermometers were submerged to the 
same depth as in the cups. 

The volumes of that portion of the ther- 
mometer submerged in the cups were determined 
by submerging them to the same depth in a water- 
filled buret tube and noting the displacement. 

* Values for CaC03. 

RESULTS 

0.23 
0.28 

0.18 
0.17 
0.20 
0.22 
0.21 

0.23 
0.23 
0.19 

One set of cooling curves is shown in figure 3. 
All materials gave curves of the same general 
shape. 

0.32 

0.2( 

0.20 
0.22 

0.260.270.260.25 

0.210.220.220.22 
0.20 
0.15 
0.19 
0.24 
0.21 

0.22 
0.22 
0.18 

0.21 
0.24 

0.20 
0.18 
0.22 
0.18 

0.21 

-- 
Ulrich 

approx. 
100°C 

-- 

0.191 
0.165 
0.183 

0.208* 
0.222 

Av. 

0.220.200.230.180.20 
0.21 
0.26 

0.19 
0.16 
0.22 
0.24 
0.21 

0.21 
0.23 
0.18 

0.31 

0.18 

0.19 

White 
0 to 
100°C 

Lang 
Patten 
approx. 
1OO0C. 

--- 

0.21 
0.21 

I 0.27 
0.26 

0.22 
0.19 0.198 
0.16 0.163 
0.21 
0.22 
0.21 

0.22 0.206* 
0.23 

Table 1 gives the specific heat results for several 
soils and minerals. These results are compared 
with those reported by earlier investigators who 
used the "method of mixtures" (4,5,6,8). 

As shown in table 1, there is considerable 
variation in specific heat values for any one ma- 
terial when determined with a radiation calo- 
rimeter. The average of several values did, how- 
ever compare favorably with values determined 
by the "method of mixtures." Among the min- 
erals this waci especially true for quartz sand, 
hematite, dolomite, and corundum; the other 
minerals varied by less than 0.03 cal./g. "C. In 
the above comparisons it should be recognized 
that the specific heat of a mineral will vary 
slightly in the mterval37"C. to 100°C. 

Of special interest is the average value of 
corundum. Corundum has been recommended by 
the calorimetry conference as the standard refer- 
ence for heat capacity measurements from 14°K. 
to 1200°K. Values for this range are reported by 
Ginning and Fhrukawa (2). At 310°K. (3634°C.) 
the specific heat capacity of corundum is 0.1912 
cal./g°C. This agrees very closely with the aver- 
age value for corundum found by the radiation 
method. 

Since there are no reported values with which 
to exactly compare the soil specific heats, no 
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defislite conclusions can be made regarding the 
accuracy of this method with soils. Patten (5), 
however, did report the specific heats of some 
similarly textured soils as follows: Podunk fine 
sandy loam, 0.1850 cal./g.OC.; Leonardtown silt 
loam, 0.2374 cal./g."C.; Hagerstown loam, 0.2004 
cd./g."C.; and Galveston clay, 0.2307 cal./g."C. 
Thus, using Patiten's work as a reference, it  ap- 
pears that the values for Solomon clay and 
Sutphen silty clay may be high. 

In view of the assumptions made in developing 
the radiation method, all values determined with 
the radiation calorimeter must be considered 
approximate. The suitability of this method can 
be judged only in reference to the standards and 
goals set by the experimenter. 

SUMMARY 

The theory and method of making specific heat 
capacity dekrminations with a radiation calo- 
rimeter are giken. 

Approximate soil and mineral specific heat 
capacities are easily and quickly determined with 
the radiation calorimeter. A minimum of instruc- 
tion is needed to make these deterininations. 

The average of several determinations gave 
values closely approximating the known specific 

heat capacities for several minerals. Corundum, a 
calorimeteric reference, was especially close. 

Values for fine-textured soils appeared high 
compared with the values for similarly textured 
soils reported by Patten. 
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