ICIURNAL OF RESEARCH of the Motional Bunsau of Stendards—4A. Physice and Chemistry
¥l €64, Ho, 5, SeptemberOctiober 1262

Zinc Oxide as a Standard Substance in the Solution

Calorimetry of Portland Cement

Edwin 8. Newman
(May 10, 1962)

Fine oxitle iz the standard enbgtance specified for calibrating the heat-of-eclution ealo-
rimeters uged in determining the heat of hydration of portlawd eement in several Ameriean
and Eoreign oerent speciflostions. The beats of solution of zing axide samples from different
aoutees and alter different hent troatments hove beon determined in the standard mixture of
nitrio and hydrofluoric acide. It i3 concluded that the value given in the apecifiestions iz low,
that hant trestment in the rapge 310 te 850G °C i wot critical, that small variations in the
Zndfacid weight ratio ame without signifeance, and that analytical-reagent sine oxide from
varioyg scurces may safely be used. The mean value obtained for the heatr of qulation of
zine oxide frony twalve soutees determined in triplicats in 1.O00R N0y 0.284HF20.38H,O at
a Zn(acid weight ratlo of 7/425 at 25 *0C wes 257 B2 calfg with 2 standamd error of 0015

calfg. The thertochemios] calotie of 41840 joules s yeed,
hased on lesgt-agqunre fittlog to 16 data poluts obtained in an carlier stu

The temparatnre coafficiont
wad —O0.057

ral/g-deg, with a computed rtandard error of 0.013 calj‘g;deg, The corresponding vafues for

hert of solution and temperatyra coefficient given in

—.1 cal/g-deg, respectively.
1. Inkroduchaon

_ Saveral specificationa [1, 2, 3] * require the use of
zing oxde ag the standard substance for calibratiog
the heat-of-solution calerimeters by which the heat
of hydration of portland cement is determined. For
this purpose the heat of solution of ZnO has been de-
ternmned [4, 5] in the mixture of nitric and hydro-
fuoric acids u=ed in mensuring the heats of solution
of cements and cement pastes. Roth and Chall |6
and Peppler and Newman [7] have also detormin
thgu heat of solution of zinc oxide in hydrochlorie acid.

The heat of solution of ZnQ in the nitrie-hydre-
fluoric acid mixture was given by Stenzel and Morris
[4[] as 256.1 caL"}g withont refarcnce t0 the temperaturs
of reaction, although it is believed that the final tern-

erature of their calorimeter was 31.5 °C [8, p. 580].

hey calibrated their calorimeter electrically Eut did
not define their caloric, It is believed that the calorie
of 4.1833 international joules was used. Elsewhere
throughout this paper the defined thertnochemical
enlorie of 4.1840 joules (4.1222 international joules)
is used.

Shartsis and Newman [5] determined the isother-
mal heat of solution of ZnQ over the temperature
range 20 to 35 °C and reported a temperatiure eoefli-
cient of —0.1 calig-deg. Newman [#] made a few
messurements at two ZnQ/acid ralios and reported &
relationship between heat of solytion snd sample
weight. No other independent determinations of the
heat of solution of zine oxide in nitrie-hydroRugrc
acid have heen found, other authors huving aceepted
the specification value of 256.6 calfg at 25 °C [1, §].

Eaccotly the Amenican Society for Testing Ma-
terials hag directed attention to the improvement of
the simple vacuuin-llask cement calorimeter by the

| Flgures in braokels indisste the Teratare pelererdes ot he ond of ¢hily paper,

gpecifications are 266.9 callp and

usa of an isothermal jacket and by other means. In
the course of tests, new messuremente of the heat of
salution of Zn0 were toode by the suther and are
raported balow, Since thesa vahres differed from the
Eubﬁmad measgurements, the original data from this
boratory [5, 9] were re-examined, snd those heats
of solytion were recaleulated, using in so far ag pos-
gibla the current method of determining tha corrected
lempersture rise of the calorimeter. In the current
prociedurs, bridge-dial cortections are used, and the
time-resistanca {temperature) values used in compu-
tation are taken from Inrge-scale smooth curves
drawn through the observed values. ‘The bridge cor-
rections were not determined in the earlier work and
wera not availabla for the recaleulation. The cali-
bration experiments on which this earlier work was
bazed were also recaleulated, and the revized energy-
equivalent valucs obtained were used in tha compu-
tatlons, .
Before sn individual lot of ZnO is vsed in & series
of colibration experiments, it 1= sintered by heatin
for one hour at 85 “C to reduee the surface {1, 2] an
%mund, tedicusly, by hand, to pass a No. 100 siave.
urnng thi= gnoding, mwoisture which muost be re-
moved is gained from the atmosphers, and a second
henting is reguired. Measurements were mada of the
heata of solulion of =amples of zine oxide which had
not bean ground and reheatad, but which had simply
beon heated for 2 hr to vangns teonperatores and in-
troduced into the calorimeter after cooling in a
desiceator over magnesium perchlorate and weighing.
In tlas investigation of the heat of solution of zing
oxide in a nitric-hydrofleoric aecid mixture of s
single composition, tha effacts of a number of vari-
ables were conzidered. Om single lots of zine oxide,
the effacte of varying the temperaturs of heating,
the tima of heating at §30 “°C, and the Zn0/acid
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welght ratio, and of different batches of 2.00 N
pitrie Beld were examined.  The heats of salution of
zine oxide lots from widely =separated sources were
meagured. As a check on the calorimeter assembly
and operation, the heat of solulion of KCI in water
was determined for comper=on with pyblished
values,

2. Materials, Apparatus, and Procedure

Three 50-liter batehes of 2,00 N nitrie seid wers
preparad at different times and atored in a 50-liter
polvothylene bottle while being nsed. The aeid
was standardized volumetrically against NaOH
solation and Potassium acid phthalate (NBS Stand-
ard Bample No. 84h).

Twelva differant lots of zinc oxide were used, seven
from the United States, two each, by different manu-
facturers, Iroin England and Germany, and one from
Japan. One, from the [nited Stutes, the only
anmple not of reagent grade, waa the Rukber Reserve
Standard for the compounding of rubber. Two
others, NBS Standard Sample 2704 and one in-
tended for the NBS Standard Sample 370B but re-
jected on the basis of compounding tests, wera slso
manufsctured for the test compounding of rubhber,
Both were of analytical-reagent grade. All the
others were reagent-grade chemicals in the country
of their origin, and are there used to ealibrate cement
caloriineters.

The composition and properties of sample 3704
ware a8 follows, 43 given by the manufacturer at the
time of itz establishment as a standard materisl for
the compounding of rubber:

l American Chemical

Zociety specificabion
lirnits fox mal%iﬂtlml
reagent (1150
“h
Liwant 1000 ______________ 012 ...
Total sulfur as B0 _______ LAMT | 0010 magimum
Bb o e __ LN11 . 005
Cu o ____ SO
Mo___ . ___ . (MM LI
AS 0001 | o0
Fe _____ [ . (M9 LIl
PO ____ L

This materiai passed the American Chemical Sociaty
apecification tests for material insoluble in sulfurie
acid {<70.010%, alkalinity, chlomides (<J0.001%%)
and nitrates {<0.003%). The specific surfzce of
the original material gs determied by nitrogen
adsorption was 3.2 m¥z. After sintering for 1 hr at
950 “C and grinding to pass a8 No. 100 sziave, the
gurface delermined by nitrogen adsorptiom m this
laboratory was 1.7 m3/g.

About s third of t.%ua heat-pf-aolution measurc-
ments, namely those concerned with the effect of
different heating temperatures and parct of those
made with differing sample weights, was made on
ona lot of zinc oxide. The remaming measurements
were made, generslly in sets of four replicate deter-
minakions, on the varons lots of zine oxide subjectad

to the standurd treabment of heating and grindin
A single lot which hed been heated for 17 hr, instea
of 1 hr, at 950 °C was also tested. )

Analytical-reagent potessium chlonide was re-
erystallized twice, dried at 200 °C, and passed
through a No. 30 sieve, Tta heat of solution in
distilled water was determined at a nominal Hz0/ECl
molar ratip of 1,500, i

An improved platinum caloriimeter reaction vesael
descri elaewhere [10], waz used in the wotherma
jacket of the calorimeter degeribed in earlier papers,
fll, 12]. The calorimeter fuid woa 14 ml of 43-
percent HF solution and enough 2.00 N HNO; to
maks a total charge of 740,00 g, The calorimaier
was operated in a 30-liter water bath at 25.4 °C
{25.0 °C in the later work} controlled to £0.002 20
during & determination. The water bath and the
mskeumenta were in & constant temperature roo0m
generally controlled at 25.540.5 °C,  The tempera-
ture messurcments were made using a platinum
resistance thermometer in o platinum envelops,
G-1 Mueller bridge was usad with s type HS
galvanometer with an %0 light beam. Measured
resistances were recorded to 1) wohme, corresponding
to & galvancmeter scale deflcction of 1 ram. At
small rates of temperatura change the scnaitivity
waz doubled by reversing the bridge current,
current of % ma was uzed, corresponding to 4 ma in
the resistance thermometer. The ect of this
orrent on the thermometer resistance wea quite
apperent, and the mensuremente were generaliy
made not lesa than 110 sac after the bridge currang
wae turned on, in order to allow tho thermometer
resistance to atlain its steady-stats walue, The
seale zero was determined after each 2-min tempera-
ture reading, either by switching off or by reversing
the bridge current.

The bridge wus calibrated in place just hefore the
hent-of-solution messurements were begun. The
K-2 potentiometer, the standerd cell, standard re-
sistance, and volt hox used in measuring the elee-
trieal-coergy input were calibrated bg the Electricty
Divigion of the National Bureau of Standards. Far
the emly calibrations (see table 1), the elecirical
heating of the calorimeter was timed automatically
on & chronograph paced by Lhe standard sacon
gignal of tha N Bg, en the chronograph was used,
electriea] heating times were about 9 min, and the
totul error in messuring the tapes was probably no
larger than £0.03 sec. Most of the calibrations
however, were made by turning the current on an
off by means of a relay activated by the seconds
Slg]‘jﬂi( Oacilloscopic measureinents showed a net
correction of —7 msec to the nominal time indieated
by the individoal seeonds pulses which turned on
and turned off the calorimeter heating current.  Thae
calorimeter was operated as nearly as possible he-
tween the game two temperatures 1n all experiments
with a piven weight of zinc oxide, and was generally
celibrated botween these temperaturss also, nsually
beginning and ending within .02 deg C of the two
gelected temperatures, ‘The final temperature was
generully within a few hundredths of & degree C of
the hath temperature.
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Threa f0-liter batches of 2.00 N HNG, were nsad.
With acid from the first (acid A) bateh, the calorim-
eter waa calibrated using the chronograph, with the
second {acid B) and third {meid C}, using the relay.
For wse with acid C, the calorimeter was calibrated
three times over five consecutive 1-deg temperature
rises from 20 to 25 °C, using the final Tating period
for ono increment as the initial rating parimf f]-;r the
next. Ths lesst-squares linear equation relating
the observed energy eguivslent to the average
calorimeter temperature as indicated by the resist-
ance thermomater was caloulated from: the 15 points
obtained. Since all heat-of-wolution determinslions
ended near the bath temperature, different average
temperatures were obtaimed with diferent weight
aamples, and the equation was veed to caleulate tha
energy equivalent to be uvaed. DBy this procedure
otherwise necessary large differences in eithor clectri-
cal-heating rates or times were not involved in the
comparison of heats of solution of different weight
samples of zine oxide.

The energy cquivalont was determined with the
calotimeter contaiming only the mixed acids. The
sample when added was at a temperaturs near o
the final calorimeter temperature, and the heat it
carmicd inte the ecalorimeter wos accounted for b
the heat capacity of the sample and the ams
temperature difference invelved. This procedure is
equivalent to the nse of tha hest capacity of the
reactents in calculating the hest of resction. The
result, therefore, i3 the isothermal beat of reaction
(soluticn} at the final tern ture of the calorimeter,

The temperaturez at the baginning, middle, and
end of the two 20-min rating periods of aach calon-
metric determination were oblained feemn smooth
deviation curves drewn through the recorded data
plotted at & scale of 1.5mm=10 pohms. E;i)e-ri—
mental periods [13, p. 35] of 20 min were used for
heat-ol-aolution experiments, and periods of 20 to
30 min were ysed for calibration experiments. The
corrected femperature rise in ohme was calculated
using the 3econd Geophysical Laboratory Method
described by White [13, p. 42].

The temperature of the interior of the halance was
takem as the temperature of the samnple at the time
of its introduction inte the calorimeter through a
funnel, Tests showed that a thermometer in the
halanee cose and one immersed in the sample indica-
ted esgentially the same temperatura. The specific
heat of Zn) was taken as 0.12 calig-deg [14], and the
correction for the sensible heat carred mte the
calorimeter with the sample averaged —0.051 cal/z.
Extreme values of —0.127 and +0.048 calisc were
ghtained with the exception of seven values ranging
from —(.13% to —0.2589 caliy reachad during two
brief periods in July when the air condilioner was
not operaling Fmper]}r.

Heats of solution recorded in this paper are cor-
recied to 25.0 *C from the final calorimeter tem-
perature, using —0.00 and —0.48 cal/p-deg for the
temperature coafficients of the Laats o sohtion of
Zn0) and KCl [18], respectively, Tho measurements
of the effect of temperature of heating on the heat
ol =zolution of Zn0d were made at the rute of two
mensurements per day in e =eries such that each
treatment was measured onee in the morning and
once In the afternoon, but net twice on Lhe satne day.
The seriea was then repeated. The various stundard-
treated samples were mensured at the rate of four &
day, programed so that none was measured twice
on the same day or twice at the same (2-hr) period
during the day.

3. Results and Discussions
3.1. New Data
n, Colikrations
Thea clectrical calibrations made in this work are
reported in table 1.2 For thess various ealibrations,

T Zrandard deviation of (e 8 verage, standard eror, bs glven hers and olaewhors
1 efls e, saleulsdad by the tormule

I If::'—lizﬂﬁ'n.
2N—1}
[ndividuel ohetrvallon, and # (2 the Domber of obgeryallomd,
W daka in thiy paper 18 givet b the form ath, 4 mpresents tha woean valus
LTy
&

doevor ola. Also kv the compadeon of T ave the dreeak
permat level of algnifeanee [16]. i



the npplied voltage was adjusted so that each rise
wag generslly accomplished by heating times of 8
to 13 min. The heating rates for calilgmtiuns with
acid varicd by a factor of about four, as did the
temperature mtervals over which the calibrations
were made. No effect of henting rata on the energy
equivalent was evident which could be separatad
from cffecta of different acid batchea or from the
inerense of energy equivalent with averape temper-
ature. A He:rce-pt.ihle effect of heating rate would
be expected il systematic error wera present in the
clectrical heating. As & further eheck, the ealorim-
eter, charged with 74000 g of water, was calibrated
over a 1-deg temperature mtervael ending near the
bath temperature at two heating rates differing
lf?' a Tactor of about four, sec table 1, Nos, 1778-1786.
o

gignificant effect was found at these rates. For
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SAMPLE WEIGHT, g
Fiaure 2. Effest of ZnQacid weipht rodo on the hend of
sludion of rine cxfde in miroe-hpdrofuoric ocid,

The tim oxlde Wes beated 1 br at 150 °G, ground to pass 6 270, Hik sleve, aoed
reheated Jor 0 toin (T oalwd, 1540 ).

determining tha hent: of solution of KCI, the calorim-
eter was calibrated for a temperatore rise of about
0.15 M at heating ratea of about one-half and one-
quartar of the smaller of the two rates veed for the
l-deg experiments. These data are also given in
table 1, Nos. 1837-1848. The cnergy equivalents
chinined by these two smeller rates differed by
about 0.2 percent. Contributing to this difference
1 the Iact that the 0.15-deg E:f:{:uerimnnls at the
faster rate were performed by a different operator.
The energy equivelent obtained for a 0.15-dep rise
at the elower rate was about 0.07 percent Ligher
than the value obtained by the same operator for
8 1-deg rise nt 16 fimes the heating rate, when both
energy equivalents were caleulated at the same
average temperature by means of the tomperature
coefficient shown in table 1 (No, 1773A—1??5Ff,
This 007 percent difference might be atiributable
to the 16-fold difference in heating rate.

Figure 1 shows the resylts of calibrations made
with nitric-hydrofluoric acid solution in the ecalorim-
eter. least-squares linesr equation for the
relationship between the energy equivalent {ound
ueing acid C and the average calorimeter tempara-
ture in ohms waa calculated from the data in table 1.
This equation

E=27519,5-41955 Gy

whero E is jfchm, and #,; 1s average dinl readin
in ahms, is p]ot.t:eaci im figure 2 as & straight hm-izcmt:ﬁ
line. The individusl determinations from which
the line was caleulated, and the rest of the values
for acids A, B, and C given in table 1, are shown m
figura 1, deviations from the line in percentage being
plotted as ordinates against the average temperature
in ohmz 8z the abseizsas. Aomd A, For which the
calorimeter was culibrated by chronegraph, is seen
lo be ?enemll}' about {.1 percent low compared with
the other two®

b. Heats of Soluticn, Potassiom Chloride in Water

The reaults of the mesasurements of the hant of
sodution of reerystallized poiassiom  ehioride in
water are given in table 2. Resulta obtained [or &
different lot of reagent, not recrystallized, are also
piven. The average values for the recrystailized
salt arc larger then the tentative “hest’” value of
AH,, =4115 cal/mole recently reporied [19].

¢. Zine Oxide in Hitic-Hydretluoro Aoid

The resulls of the measursinents of the heats of
solution of 9-g sampies of zine oxide A heated for
2 hr at 150, 310, 660, and 950 ! aro given in table 3.
These samnples do not show the reduetion in heat of
solution with inereased toinperaiure of heating found

# The reason for this diferoacee s Dot ¥oowt,  Aw errir of about 0.0F [16) 1o
sd]nating tho nmmp]j:qrnl ks bateh of acld woukd arceunt Jor the differenne
tut =em3 eaceadve. Testd bate abowh Do ggnifrant dlfevence Lo iming
hetwosn ehrcongraysh angd Telay.
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by Roth and Chall [6] with hydrochlorie acid. Thess
investigators heated their samples for 4 hr. It may
be that 2 hr, although twice the “standard’ heat-
ing timne, is not long enough to affect the heat of
golution signifieantly. Note, however, the results
in tabie B for lot H showing that 17 hr at 950 *C
had no apprecinhle effect. The valuces in table 3
arg caleylated on the basis of the actual weght of
the zine oxide after the heat treatment. Table 4
vives the caleulated residual loss on ignition of each
saanple, Le., the percantage that would be lost il the
sample were therealter heated at 950 *C.

Tahle 5 gives the heatz of solution from tabla 3,
recaleulated on the $50 °C ignited basis. Thesa
rocalenlated data show a alight decresse in heat of
solution with increase of lemperatura of heating,
The decresse, however, i3 not significant. On the
basis of the data in tables 3 and 5, it i= concluded
that for ralibration of the cement calorimeter the
temperature of heating of the zinc oxide is not
critical, providing it is 310 °C or more and not
ovar 350 °C, .

In performing an analysia of varience on data from
table 3, it was fonnd that temperature, teat series,
and their interaction are significant at the 5-percent
probability level. However, if the 150 °C data are
omitted, none of these factors or interaction are
significant at the S-percent probability level, and the
12 valees ¥ield an average of 25728 calfy with a
standard crror of 0.059 ealfg. Data from table 5
wera similarly treated, and it was found thet none of
the main factors or interaction are significant at the
E=parcent pmbabi]i:i,r level. The 16 values yield an
average of 257.20 calfz with a standard error of 0.050
calfg. Nate that ull measurements to determina tha
effect of temperature of heating for 2 e were per-
formed with 9-g samples of zine oxide lot A in calo-
rimeter acid batch A.

Table 6 gives n summary of all the measurements
of the Leats of solution of different lots of zine oxide
subjected to the standard treatment of heating 1 hr
at 950 °C, grinding to pasz a No. 100 sieve, and
rehesting for 5 min at #30 °C. The values in this
table are =ignificantly higher than these previeusl
reported for zine oxide [4,5,9], except those for lot
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which was not reagent grade. The data for the 12g
samples, the proper sanple weight to give the correet
Zni/acid ratio in T40.00 g of acid, were subjecled 1o
analysis of warinnee. It was found that the first
determination each day gave a significently high
mesn valua. The mean value of these 12 measure-
mente waa 257.92 cal/z with a standard error of 0.033
cal/z. Lot 1} was not included in the analysis. The
unalysis was repeated excluding the first determina-
tion each day, and there were found no sipnificant
differences among the 12 Sam’F]ES and no significant
varislion with time of day. The mean value for the
12 samples measured in triplicate was 25782 enlf
at 25 * with a standard error of 0,015 calfez. The
0.10-cal/g higher aversge valuc found for the first
sample each day may have bean due to inadequate
cooling m the desicealor, sinee this sample was
usually cocled for about an hour instead of the two
of more hours for subseguent samples. Tha change
in weight during the additional 1-hr storage in the
desicentor was about 0.01 percent, ohe quarier of the
percentage change in the heat ol solution.  TParker
and Murse [17], desiceating with CaCly, found a
soinewhat latger change in weight.

Included in the data in table 6 are heats of selu-
tion obteined with different weights of sample,
Figure 2 shows these data, including sll determina-
tions. The individual points in this figure are tha
mean values from table 6. The vertical lines show
the total spread ol all determinationz st a given
weight, 48553tfnninntiuna in the case of the twelve
12-g samples plotted fogether, The progressively
poorer precision as the sample size decreases is
apparent in the figure if 8 comparigon is made be-
tween the spread for the four determinations for
zine oxide L) snd the spread found for the three

or four doterminulions ench for the 1.5- and 0.2-p
samnples of lot B.  Alse plotted in figure 2 are the
recalculated small-sample values given by Newman
19]. Thess overlap the walues obtained for mine
oxide B in the present serles. Because of the low
recizion for small samples, little confidence can
Ee placed in the apparent increase in heat of solution
with sample weight shown in this pari of the fizure.
Except for zine oxide lot B, however, there ia n
significant differenca in the results for 9-g and 12-
samples.  Zine oxide lots E and F were heated an
urd at different lunes fromt the wsine source.
or Lhe samne woight of sample there 18 no difforenee
between E and F cither in the same or in different
acids. The increases in heat of solution between
B and 12-&' snples for E and F ware sifgniﬁcant,
however, alihough not as large as {found for lot A.
The average differsnca in heat of solution between
% and 12-¢ samples is about .28 calje?, and an
eifect of this megnilude should be considered when
cxamining diffrronces in the heats of sclution of
zine oxtde samples in this weicht range.

3.2, Recaloulated Data

Stenzel and Morris [2, table IV] determined the
heat of solution of three different lote of wine oxide
over & peridd of about & months. Using, presum-
whly, their verious appropriate (by date) valoes of
the energy equivelent of their calorimeter, they
obtained heat= of solution of 256.68 4 0.02, 256,62
+ 0.06, and 256.15 £ 0.19cal/g, all originelly assunyed
0 be at 30 °C [4,5], but probably st a final calorime-
ter temperature of 31.5 °C (8, pp. 579, 580, 589]. The
averape of all nine determinations was 256,48 4 0,09
celfg. Stengel and Morris reported, however, that
if the average of Lheir seven reported energy-equive-
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lent values was used to caleulate all the heats of
solution, the average heat of solution obtamned was
254.1 culfg, almost the lowest of their individual
experimantal wahies. This computation could not
be repealed by the present enthor sinee it was not
known whicli of 1he calibration volucs was uzed for
ench henat-ofsolution determination, and the in-
dividusl corrected tcmperntuore rises per gram of
zine oxide eould not ba determined. It seems likely,
howewer, that the yeporied average heat of =olution
of the zine oxide should have heen higher. A sta-
tistical test [15] of the few data piven indicates that
tho heat of solution of their third lot of zine oxide
waa significantly lower than those of the other two,
If thiz lot were eliminated, the individual avera
value for the other two wonld be 256,654 0.03 cal/s.
Shartsis and Newman [5] calibrated their calori-
meter for average temperatures ranging from 14 to
35 “C. A new least-squares linear cguation relating
encrgy equivalent and average temperature has been
obtained from & recaleulstion of their ealibration
date. Valnesof the anergy equivalent caleulated from
this squation were uged in recalculating their heats
of soletion.  Figure 3 shows their heat-ofsolution
data 083 racomputed in 1961, plotted as ardinales
against the final calorimeter temperature as abs-
ripsas. The equation of the least-squeres straight
line through the=e data is y=259.35—10.087 ¢, where
g is colfg and £ is (. 1 standard ertor of the
glope is 0.013 ealfg-deg. Tho heat of solution of
zine oxide at 25 20 from this squedion is 267.2 calfg.
The data a5 onginally caloulated gave a 25 °C value
of 257.0 ealfp and a slope of (LOR7 cal/g-deg. Con-
sidering the scatter® of their data, Shartsis and
Newman did not wish to change the valoe 256.1
calfe given by Stonzel and Morrie, but it sesins now

1'Tha value 014 eropoeously fven s the stendan? devlstion of the oean [5,
. B was artually a‘:. the mean aquare of the devintloos of the obwerved [Wdnts
sbout the Jine.  The recalenlsted valua & D.lﬂ-,ﬂ;?nﬂ.&csb‘: s B mweR3ure o the
scokter of Ebe obsarrad polata abont the Bikexl .

that they may hnve been overcautious, particularly
if the latter authors' values were at 21.5 °C as plotted
in figure 3. The data shown in thia fipure indicate
that the value 256.6 cal/g at 25 °C iz probably low,

3.3, Comparison of Results

The mcan valus for the heat of solution of mine
oxide obtained in this work is about half a percent
higher than the epecifieation value. If there is a
systomatic calibration error in the present work it
has not been apparcut, although the heat of solution
found for potassium chloride is a quarter of a parcent
grenter  than the tentative “best’” value. Thia
difference, however, i not statistically significant.
The energy equivalent for the calorimeter containing
acid A is 0.12 percent less than the values obtainad
for the other two batches, a difference the cause for
which is pot known. The heat of solution of tha
S-¢ gamples of zine oxide A {table 8) in this acid
was 257.37 +0.044 calie, in acad B it was 257.43
+0.065 eal/gz. It 1= perhiaps improper to compare
the atill eather work with 9-g samples of zipe oxide
A heated for 2 hr at 950 °C (table 3) with the results
for standeard-treated samples In table 6, hut table 3
shows that differences in termperature of heatin
are not eritical, while the resulis for lot H agree
with the othets in table § although it was heatad for
17 br instead of 1 hr before grinding. Meking tha
compansen, the samples of zine exide lot A heated
2 hr at 950 *C {table 3) had an average hoat of solution
in scid A of 257.25 40.073 calfe, while after the
standard treatment its heat of selution in the same
acid was 25737 +£0.044 ealfp {table 6). This
differenee also is not significant, although the effest
of changing both the heat treatrnent and the acid
iz significant at the 5-percent. probability level.

It seerned possible that there had been & real
change in the purity or form of reagent zine exdde
with o l:ﬂrrespnndinfich&nge in its hent of solptien
sinca Stenzel and Morris determined it.  Sample
D of the present series, made by the American

rocega direcily from the ore, had a distinectly lowoer
Ecat of solution thun the others, exem ]'iﬁn?{ vy B
and C made from the metal, but not &= low as 256.6
calp. Samgle D, howeser, was not of resﬁznt wrade
and behaved differenily on heating in that it did
not shrink in the cruclble, but retamed a fine
fluffy powder that could not be passed through a
No, 130 sieve by shaling alone. Correspondence
with a mamafectnrer has indicaled that reagent
zinc oxide made by the same process used today was
well established on the market in 1833 and available
to Stenzel and Morvie, Thus 1t appears that thers
has probably been no substantisl change in the
purity or form of the reagent-grade zine oxide used.

Btenzel and Morris do not %ve the final tempers-
ture of their calorimeter, but Biddle and Kelley [5],
whose prosedures the former authers were presum-
ably following, operated their ealorimeter ending at
about 1.5 dey ahove the hath temperature.  Stenzel
and Morris also do not state the quantity of zine
oxide used in their calorimeter, but in pecordance
with the usual procedure, it woold hava been an
amount causing about the ssne temperature rise as
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& 6-g cement sample. Om this basis, & sample of
shout. 13-g¢ of ZnQ» would heve been used in 1222.5
g of acid, and & final temperature of about 31.5 *C
would have boen reached. If the average hent of
aclution for their lots of zince oxide No. 1 and No. 2,
256.65 cal/g, is correcied to 25 °C using the tempern-
ture confficient 0.09 cal/g-dep (romn fipure 1, and tha
value thus obtained i3 corrected from the F.?Sllii:lfmzid
weaight ratio of 13/1222.5 Lo 7/425 by tho average
difference found from fi 3, & heat of golation of
257.6 cal/g i obtained.  This value i3 in reasoneble
apreement with that found in the present work.

¢ results obtsined by Shartsis and Newman were
less precize than those obtained either by Stenzel and
MorTis or in the present work, and the recaleulated
35 °C value of 257.2 calfg obinined from their work
iz essenlially in sgreement also.

4. Conclugions

Measurements havo shown ne significant difference
beiween the heats of solution of heat-treated repgent
zine oxide from widely differing sources, As a
congequences, heat-of-solution calorimeters celibrated
with this sabstance in different laboratories, and
even in different countries, should not be in disagree-
ment becsuse of differences i the calibrating
standard.  Aceordingly, any differencea found in
portland-cement heat-of -hydration measurcinents be-
tween laboratorics anywhere in the world ara Lkely
to be due to differences in sample-handling teehnigques
between difierent laboratories or between different
operators.

The hest of selution of 256.6 calfg ot 25 °C assigned
to “standard” heai-ireated zinc oxida by various
cement zpecifications appears to be about half a
percent low.,  Consequently, the hests of hydration
measured with calorimeters celibrated with Zn0 are
also low by the same percentage. 3ince the coefficient
of varmation for heate of hydration iz likely Lo be
subatantially larger then 2 percent, this half-pereent
differcnce is not serious. However, heats of selution
determnined in electrically calibreted and in zine
axide calibrated calorimeters will disagree, and this
disagreement may cause CONCern.

The heat of aolution of zine oxide in nitric-hydro-
fluoric acids appears to be affacted only slightly by
heating the an at temperatures between 210 and
850 °C, slight decreases in the heat of solytion (when
caleulated to the 950 *C ignited weight} being oifset
by slight decreases in the content of residual volatile
material 83 the temperature of heating is incressed,
Clonsequently small changes in the temperature or
time of heating of the zine oxide will he without
significant, effect on the caleulated heat capacity of
cement calorimeters,

Small changes in the ZnO/aeid weight ratic from
the specification value of 7/425 are without signif-
jcont effect from the standpoint of eement calo-
rimal.r]'y;, but changes as large a3 25 percent from this
ratio should be avoided.

The 1-br heating of zine oxide at 950 °C and its
subsequent grinding and rehesting can be elininated
from the specification. It would suffice to require
only a 2-lir heating of the calorimeter sample with

subgequent cooling in n desittator for 2 hr over
megnesium perchlorate and weighing befora intro-
ducticn into the calorimster.

The heat of solption of standard-heat-treated
analytical-re ade zine oxida at 25 °C in HNQ,,
0.28 F,ﬂﬁﬁlﬁzﬂ 20 ml 48%HF-+2.008 HNO,
to total 425.0 g} at a Zn/facid weight ratio of T/425
wis measured as 257 83 ealfe, with a standard error
of 0,015 caljg. The temperature coefficient of this
reaction 8 —0.087 caljg-der C, with » standard
error of 0.013 calfg-der C. Independont measure-
ment of these values hy others would be desirable,

- —_—
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