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Heat of Formation of Sodium Calcium Aluminate 
Edwin S. Newman 

The compounds 3Ca O·AhO" Na2SO, V (Thenardite), Na 20.8CaO·3Ah03, a mi C~SO" 
il,nhydritc, were prepared, and t heir heats of solut.ion in H CI, 26.6 lH20 were determm ed . 
The heat of solution of l-ra2SO, V in water to form N a2SO" lOOOH20 was also measured . 
From these and other data in t he li terature the heats of formation of Na 20 ·SCaO·3Ab03 
and NaSO. V were calculated to be - 2576 and - 330.92 kcal/mole, respectively. 

1. Introduction the product was homoge nous and of the proper 

Investiga tion s of the alkali phases in portland ce
ment clinker, summarized by Newkirk [IV have 
shown that the eompollDd Na20·8CaO·3A120 3, )wre
after abbrcviated NCgA3,2 is formed. As part of a 
continuing investigation of thc Lhennochemical prop
erties of compound occurring in hydraulic cemenLs 
and their hydration products, thc heat of f~l"matioJl 
of this compound was determined. No pn01" ther
mochemical data on NCgA3 have been found. :Meas
uremenls wC're madc at 25° C of L1H of the r eac tion 

composi tion . Anhydrite was prcparcd by first 
prccipitating gypsum from a ho t solution of CaS04 
prcparcd from the hemih ydra Le a nd then converting 
the gypsum to anhydrite by heating for 2 h1' at 
1,000° C [5]. 

D etails of Lhe calorimC'lric apparaLus and proce
dure have been given elsewhere [6]. Th e calorimeter 
used in t his work was a 1-pt wiele-mouthed vacuum 
flask ceme n ted Lo a meLal flange. A brass cover 
wiLh Lubes for stirrer, thermometer, heater , and in
trodueLion of Lhe sample was bolted to t ltis flange, 
and t he calorimeler was submerged 4 in. below the 
surface of a water bath controlled at 25 .0° C. The 

(1) cover was made walertigh t by means of an O-ring 
seal. Th e temperature of the bath remained con
stant to better than ± 0.002° C during a determi
nalion . Th e ealorimeLC'l' charge was 425.0 g of 
H CI, 26.61H20 (2.000 normal aL 25° C). The tart
ing condilions were 0 aclju s tC'd that th c final tC'm
peratm'C' of the ealorimelC'l" was as closC' as possible 
to 25.0° C. This procedure was adopted both to 
avoid t il(' need for eOITeclin g the m easured heat of 
solution to thc standard temperaLure of 25° C and 
to prevent the distillation of water from a wanner 
surface of t he acid solution lo condense on a cooler 
inner surface of the mC'tal cover . Beeausc ther e 
was no other fre e water surface within th e fl ask, 
co ndensa lion in the reVC'l"se direclio n was unlikely. 

This reac tion occurs spontaneously [4] at high tem
peratures, w\te]"C', however, the high-temperature 
form of calcium sulfate is present and liquid sodium 
sulfate is formed. The value of LlHI was obtained 
by measuring the hea Ls of solu tion of t he four sub
stances in hydrochloric acid solu tion . The .Ileat of 
formation of NCsA2 was calculated from t illS value 
of L1Hl and the heats of forma lion of the other three 
substan ces taken from the li tC'l"alm e. 

2. Materials, Apparatus, and Procedure 

Triealeium alumin aLe was preparC' d by the method 
used by Thorvaldson , Brown, and PeakeI' [2]. Th e 
ignition loss of this mate ri al afl er grincling was 0.0 
pereC'nt, assumed to be water ]Jl Lhe compoun ~l 
C3AH 6 formed by reaction of t ile anhydrou s ahnUl
nate' with the moisture in lhe air. Thenarclite, 
N a~S04 V [3], was crystallized from a 50-per?ent so
lu tion of N a2S04 at 50° C by the slow aclchtlO n of 
ho t alcohol. Th e mixture was lef t on thc steam 
balh for 2 hr and then filtered . The crystals were 
dried overnigh t a t 100° C and ground to pass a No. 
100 sieve. The," were essentially fre e from inclu
sions, as j udgec(by microscopical examination , and 
the loss in weigh t on heatin g for 2 }~ hr at 950° C. was 
0.02 pel"(:C'llt. In Lhc measurements and calculatIOn s, 
t his material was consiclC'recl to be pure N a2S0 4' 
Thc compound NCsA3 was prepared as described by 
Newkirk [4], except lha t after heaLing once at 1,200° 
C the preparation was autoelavecl for several hours 
at 300 psi before repeated healing at 1,300° C with 
inLel"venil1O" o'rinding and sieving. Microscopical 
examinati;n ~nd ch emical analysis indicated that 

1 Figures in brackets indicate the)ite.-ature re[crences at the end o[ this paper. 
2 As usual in papers dealing with portland-cement compounds, tho abbl'eVla

lions C [or CaO, 11 [or AhO" N [or Na,O, and H [or H ,O will be used. 
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The weights of the samples for t hC' heat-of- olu tion 
detennin aLion were in t he proportions required by 
Lile stoichiometry of the equation for a weight of 1.42 
g of C3A. First' the NCgA3 wa dissolved i ' ~ the calo
rimeter and the final rate of temperature n se deter
milled to complete the measuremenL of its heat of 
solution . This final rate became the initial rate for 
the CaS0 4 experiment. The sample of anhych ite was 
introduced and tho dC'lermination was completcd. 
This procedure was followed also wiLh a n ew acid 
charge for the products on ~he right si.d e of the 
equa tion. Thus the fi nal calonmetcr solutlOn for the 
measurements with lhe reactants was of the same 
composition as t hat for the pr oducLs, and no dilution 
experiments were n ec~ssary. The exp~rimentally 
determined energy eqUlvalell t of the calonmeter and 
acid ch arge was used in computing the heats of so11:
tio n of NCgA3 and C3A. For CaS0 4 and N a2S0 4 It 
was iacreased by 0.28 cal/deg, Lhe estima~ed llC'~t 
capacity of the solid previously added. Smce tIns 
increase was less than 0.1 percen t of the total energy 
equivalent, the error introduced by this approxima
tion was negligible. 



I 
~ 

TARLE 1. Heats oJ solution in 425.0 g oJ HC1 ·26.61H20 

N a,O·8CaO·3AJ,03(816. 51) > CaSO,(136.15) > 3CaO.AI, 0 3(270 .20) > Na,S O, V (142.0U» 

Sample number 
------------------------_._--;-------- ------------

Sample 
weight 

Heat of 
solution 

Sample 
weight 

H eat of 
solution 

Sample 
weight 

H eat of 
solution 

Sample 
weight 

H eat of 
solution 

---------1--------------------------------------------
g callg g 1 ____ _____________________ 

1. 4220 733. 52 0.2415 2 _________________________ 
1. 4233 733.81 .2382 3. ________________________ 1. 4254 734. 05 . 2385 4 _________________________ 
1. 4262 734. II . 2378 5 _________________________ 
J. 4276 734. 25 . 2407 

Avg _____________________ --- -- ---- .--- --- 733. 95 -_.- ----_.-.- ---S. D .b ___________________ 
-.- -- -- -- ---- --. 0.13 -_.- --- --.- - ----

callg q 
- 13.00 1. 4200 
- 12. 88 1. 4189 
- 12. 36 1. 4220 
- 12.83 1. 4215 
- 12. 32 1. 4228 

- 12.69 -.-- ----- --- - .--
0. 14 ------------ ----

callg 
736. 43 
735.49 
735.27 
735. 92 
735. 91 

735.80 
0.19 

q 
0.2515 

.2518 

. 2563 

. 2526 

. 2549 

callg 
- 32.43 
- 33.02 
- 32. 82 
- 32. 66 
- 32.35 

- 32.66 
0. 12 

-L>.H __________________ _ kcallrnole 
599. 28± 0. 106 

kcallmole 
- 1. 728 ± O. 019 

kcallrnole 
199. 110 ± 0. 051 

kcallrnole 
- 4. 640 ± 0. 017 

> Numbers in p arentheses are molecular weights. b Standard deviation of t h e average. 0 Corrected for C,AH,. 

3 . Heats of Solution 

The results of the measurements of the heats of 
solution in hydrochloric acid arc given in table 1. 
The negative sign before values in this table indicates 
that the heat of solution was endothermic. The 
value shown there for CzA when corrected for the 
calculated C2AH6 impurity becomes 736.9 cal/g. 
This value, which was used in computation, may be 
compared with some previously obtained results. 
In 1930, Thorvaldson , Brown, and PeakeI' [2] obtained 
736.0 cal/g 3 for the heat of solution of 2.86 g of CzA 
in 600.4 g of HCI, 20H20 at 20° C. In 1939 Cirilli [7] 
obtained 735 .1 cal/g for the heat of solution of CzA 
in 3.5 N HCI at 25° C. Recently Coughlin [8] 
obtained 738.0 cal/g for the heat of solution of 1.43 
g of CaA in 1936.2 g of 4.360 M HCI at 30° C. These 
four values, including the one obtained in this work, 
arc in reasonably good agreement. 

No data were found in the li terature on the heat of 
solution of sodium sulfate in hydrochloric acid. 
Two determinations in this laboratory with larger 
samples (1.42 g) than were used for the data in table 
1 gave values of - 32.38 and - 31.87 cal/g, respec
t ively. 

Newman and Wells [5] obtained - 12.75 cal/g for 
the heat of solution of CaS04 in HCI, 26.61H20, and 
Southard [9] obtained - 12.28 cal/g in 2.03 N NC!. 
These values are in substantial agreement with those 
in table 1. 

4. Heats of Formation 
From the heats of solution in table 1, the heat for 

reaction 1 at 25° C is calcula ted to be ilH1=+4.85 
± 0.19 kcal/mole. To determine the heat of forma
tion of NCsA3 the heats of formation of the other 
three members of cq 1 must be known. 

The heat of formation of CzA is given as - 861 
kcal/mole in Circular 500 of the National Bureau of 
Standards [10]. This value was used in computa
tions. Although Coughlin [8] gave the value - 850.04 
± 1.23 or - 853.46 ± 1.23 kcal/mole depending on 
t he value used for the heat of combustion of calcium, 
these values appear to be low by 3.18 kcal, twice his 
value for the heat of formation of C3A from the 
oxides. 

, T he value given in 20° calorics b y Thorvaldson , et aI. , has been recalculated 
to th e t h ermochem ical calory of 4.1840 a bsolute joules u sed in t his paper . 
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The heat of formation of Na2S04 V was obtained 
by measuring its heat of solution in water to form 
N a2S04, 1000H20, the heat of formation of which is 
- 331.215 kcal [10]. Five determinations gave 
- 293.0 ± 2.9 cal/mole for the enthalpy of solu tion 
at 25° C. Coughlin's value at 30° C [11], - 628.2 
cal/mole, was calcula ted to be - 302.2 cal/mole at 
25 0 C. The h eat of formation of N a2S04 V was 
taken as - 331.215 + 0.293=-330.922 kcal/mole. 

The h eat of formation of CaS04, anhydrite, is 
- 342.42 kcal/mole [10]. From these values for the 
heats of formation of CzA , Na2S04 V, and anhydrite, 
and the heat of reaction ilHl ' the heat of formation 
of NCsA3 from the elements at 25° C is calculated to 
be - 2576 kcal/mole. 

5. Summary 

The compounds 3CaO·AI20 z, N aZS04 V (thenar
dite), N a20·8CaO·3AI20 3, and CaS04, anhydrite, 
were prepared, and their heats of solution in HCI, 
26.61H20 were determined. The heat of solu tion of 
N a2S04 V in water to form N a2S04,1 000H20 was 
also measured. From these and other data in the 
literature the heats of formation of N a20·8CaO· 
3Al20 z and N a2S04 V were calculated to be - 2576 
and - 330.92 lecal/mole, respectively . 
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