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This samyle of benzoic ncid 'was refined by fractional freezing to give a material of high homogeneity
and purity. It conferms to the American Chemical Society specification for reagent-grade benzeic aeid.
Freezing point measurements on maero-samples indicate a purity of about 99997 mole percent. The
material ag issueéd contains of the order of 0.002 percent moisture; and will not sbsorb moisture from
the ‘atmosphere if the reldtive humidity does not exceed 90 pereent. The heat of combustion of the
sample will not change with time if adéquate precantions are taken to-aveid the introduction of impuri-
ties. Saraple 391 is more compact and free flowing than sample 89k and earlier lots due to the difference
in method of preparation; however, the heat of combustion does not differ significantly from that of
earlier lots, on the basis of preliminary comparison experiments with earlier standard samples.

We thersfore recommend that the quantity of heat evolved by combustion of Standard Material 38i of
benzoic acid be taken as 26.484 abs, kF/g mass’ (weight in vacuum) with an estimated unecertainty of
*0.008 when the sample is used under the conditions listed below. This value is the same as that
certified for 8%h and is within about 0.001 kJ/g of the average of all precise determinations during the
past twenty years.

A. The combustion veaction ds referred to 25 °C.

B. The sample is burned in a bomb of constant volume in pure c%ge iitial absolute pressure

of 30 stm at 25 °C.

D. The number of grams of water placed in tha b , combustion is equal to three times the
volume of the bomb in liters. : s

In the use of the standard material, if

1. The material should be
is to be burned.

plied by the follo v £4 50 this factor is found to differ from unity to a significant extent:

10—6[20 (P-30) +42 (m,/V-3) +30 (m,/V-3) —45(t-25)]

where:
P = initial absolute pressure of oxygen in atmospheres at the temperature t,
ms: = mass of sample in grams,
Mw == mMass, in grams, of water placed in bomb before combustion,
V = volume of bomb in liters,
i == temperature to which the reaction is referred, in degrees Celsius (centigrade).

8. The charge should be fired by passing electric current through a short length of iron, chromel,
or platinum fuse wire (about No. 34 Awg). The correction for the energy used in firing the charge
{electrical energy plus heat of combustion of iron or chromel wire if used) may be determined by blank
calorimetric experiments on the fuse alone. A battery of 3 to 5 storage cells or 6 to 10 dry cells in
series or a small transformer with a secondary voltage of about 10 can be used for ignition.

4. The charge should be burned in pure oxygen, or in commercially pure oxygen containing not
more than 1 percent of nitrogen and no combustible gases. The amount of nitric acid formed in the
combustion may be determined by titration with 0.1 N solution of sodium hydroxide by the use of methyl
orange as indicator. The correction for the formation of agqueous nitric acid is 59 kJ/mole, or 0.94
kJ/g of HNOs.

* éle‘shgcreduction of weight in air to weight in vacuum was made using the value 1.820 g/cm® for the density of benzoic acid
at 2



if the heat of combustion of the sample in calories per gram is desired, the following conversion fae-
tor may be used: 1 calorie = §0041840 abs kI, The calorie thus defined is being used in comnegtion
with practically all of the thermochemical work done in the United States.

The results of calorimetric tests of fuels for steam power planis may be expressed in terms of the
International Steam Tables calorie (1T, cal), which is defined by the relation, 1 LT, cal = 0.0041868
abs kJ. The Btu used in modern stéany tables is defined by means of the velation, 1 I.T. cal/g = 1.8

Biu/b.

In the ordinary use of the bomb calorimeter, where an accuracy of not betler than 0.1 percent is
required, as in fuel calorimetry, the use of the factor given under (2) may be omitted and the heat
evolved expressed as 26.453 abs kJ (kw-see) /g weight against brass weights in air (6,328 cal/g weight
in air, or 6,318 I.T. cal/g weight in air, or 11,373 Btu/lb weight in air). Also for work of this order of
accuraey, the corrections for the energy used in firing the charge may be omitted, if the length of the
iron. wire and the temperatuve tise of the calorimeter are about the same in. the. calibration of the
calorimeteryas in the determination of heats of combustion. In determining the heating value for fuels,
it is desirable to follow a standardized proeedure such as. that specified by, the American Society for
Testing and Materials in their standard D-271-58 and Proposed Teniative Mothod of Test for Gross
Calorifie Valus of Solid Fuel by the Adizbatic Bomb Calorimeter, D-2015-627T, and Standard D-240-64
for Hauid hydrocarbon Tuels, or as given in National Bureau of Standards Monograph 7 Precise Meas-
urement. of Heat of Combustion with g Bomb Calerimeter.?

Methods of caleulating heats of reaction at a constant pressure of 1 atm, from bomb ealorimetric
data, are given by Prosen ? and Hubbard, Scott, and Waddington®
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