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THE SETTING OF MAGNESIOM OXYCHLORIDE CEMENT 

HISTORICAL 

Sorel In 1865 discovered^* that when magnesium oxide 

is mixed with a solution of magnesium chloride, the resulting 

mass sets to a very hard product. The commercial advantages' 

of this cement were promptly recognized on account of its 

hardness, its ability to take a beautiful finish, and its 

binding capacity for foreign materials. With a filler of 

sand or sawdust it is used for stucco, flooring, etc. Sorel 
0 

himself did not make any Investigations as to the mechanism 

of the setting of this cement or even as to the composition 

of the compounds formed in the reaction. 

Previous Work on the Composition of Set Cement 

Until recently there had been little work done on the 

actual mechanism of the setting of magnesia cement. Most 

of the work which has appeared has been on the composition 

of the product or of the definite oxychlorides of magnesium. 

Bender2 prepared a paste by mixing magnesium oxide with 

a magnesium chloride solution. He allowed this to stand for 

six months and then analyzed it. Part of the material had 

been converted to carbonate by atmospheric carbon dioxide, 

and this he calculated as normal, anhydrous magnesium car¬ 

bonate. Deducting this from the analysis, he found the 

residue to correspond approximately to the formula MgClg*- 

5Mg0*17H20. Since it is not likely that the carbonate would 

^ Compt. rend., 65,102 (1865) 

2Ann. Chera. Pharm., 159, 341 (1867) 



be the normal aalt in this case, the above formula is 

probably not a true representation of the composition of 

the product. Also, if, as appears to be the case, Bender 

made his paste, allowed it to set, and then analyzed the 

whole, the formula has no meaning the composition being 

the same es the sum of the ingredients with the exception 

of the water content. 

Krause3** unsatisfied with Bender’s work, used a differ¬ 

ent method of preparing the oxychloride. He mixed magnesium 

oxide with excess magnesium chloride solution on a, water 

both, stirring constantly. After a time needles formed 

which he filtered off and washed with water. Analysis 

showed the needles to have the composition igCla* lO.lgO. 14H20. 

This, however, represents too high an oxide content, since 

washing with water decomposes the oxychloride, removing 

magnesium chloride. 

Davis2 analyzed the deposit formed in a bottle of 

"magnesia mixture" on standing and found this to correspond 

approximately to the formula M g&2•S«gO•lSHgO. He also 

w?-.shed his sample of oxychloride with water. He washed 

another sample with a large quantity of water and obtained, 

on analysia, a compound of composition between %Q.H2Q and 

4Mg0.5Ha0. 

xAnn. chem. Pharm., 165, 38 (1873) 

2Chem. Sews, 25, 258 (1872) 



Andrl^ boiled 20 g magnesium oxide with a solution of 

400 g magnesium chloride in 500 cc water, and obtained a 

deposit of needles. On analysis, the precipitate correspon¬ 

ded to the formula &gCl2*&&0•16H20. Andr^ recognized that 

water decomposes the oxychloride and probably analysed a 

mixture of oxychloride and mother liquor. 

Since all of the chloride can be washed out of Sorel 

cement, on account of certain theraocheisicsl data not given, 

and because the free magnesium o>lde cannot be completely 

converted to carbonate by carbon dioxide, Kallauner said2 

that no definite oxychloride was formed in the setting of 

Sorel cement, but that the cement consisted of aagneslum 

hydroxide with magnesium chloride in solid solution. Later3 

he stated that part of the magnesium chloride was held 

chemically and part absorbed, the composition, of the product 

varying with the ratio of chloride solution to oxide and 

with the strength of the chloride solution. 

Hof^ electrolyzed a solution of magnesium chloride and 

obtained a product which, after washing with absolute alcohol 

and ether and drying corresponded to the formula UgCl2*~ 

jjjMgO• l4HgO. By mixing magnesium oxide and magnesium chlor¬ 

ide solution, he obtained MgCla*5Sg0*13H20. The water con¬ 

tent or both compounds varied with the drying treatment. 

Probably the best determination which has been made of 

^Compt. rend., 94, 444 (1892) 

2Chem. Ztg., 33, 371 (1909) 

3Ibid, 31, 1045 (1913) 

4Jbid, H, 693 (1909) 



the composition of the magnesium oxychloride is that of 

Robinson and Waggaman-1-. These investigators studied the 

solubility at 25° of magnesium oxide in magnesium chloride 

solutions of varying concentrations. By analysing both 

supernatant liquid and solid residue and plotting the results 

on a triengular diagram, they found that the only definite 

oxychloride existing at 25° was MgCla• 3'<SgO• 11H20. This 

compound is stable in solutions of magnesium chloride vary¬ 

ing in strength from about ten grams of magnesium chloride 

per hundred cubic centimeters of solution up to saturation. 

Below the existence limit of the oxychloride, the solid 

phase is an indefinite solid solution. 

Xrieger2 stirred 5 g magnesium oxide into 200 cc mag¬ 

nesium chloride solution for two days and obtained a gelat¬ 

inous mass which he stirred up with 99% alcohol, filtered, 

washed and dried. This procedure yielded M6CI2• 2ag0• 9H-jO, 

but Krleger says that any variation in the method or con¬ 

ditions of preparation will change the composition of the 

product. 

Lahrmann^ has shown that the oxychloride prepared by 

Andre^, Davis-*, and Krause^ all have the same composition, 

viz., MgCl2*3MgO*7H2G. This compound is decomposed by 

*Jour. Phya. Chem., 13, 673 (1909) 

2Che®. Ztg., 24* 246 (1910) 

3Tonlnd. Ztg., ]£, 265 (1911) 

4 
loc. cit. 

^loe. cit. 

^loc. cit. 



water, 96% ethyl alcohol (but not by absolute ethyl alcohol), 

glycerol, ammonia, and pyridine* On heating, the chlorine 

and water are driven off, leaving magnesium oxide. 

Using the Schrelnmakers method3- employed by Robinson 

and iscgafflan^, Maeda and Xamane^ studied the system MgO-MgGlg-* 

h20 at 50°. They found as the stable solid phases between 

25° and 50°, MgO'BaO, 3MgQ-AigCl2*12H20, and agCl2*6H20. 

The limits of existence of the oxychloride-are 14,01-37-00$ 

magnesium chloride solution, but hydroxide can exist in a 

aetaatable condition in solutions as strong as 20.95$ mag¬ 

nesium chloride, and oxychloride can exist metastable in 

solutions down to 12.45$ magnesium chloride, 

Feitknecht4, who holds quite a different view from 

Maeda as to the mechanism of the setting process for mag¬ 

nesium oxychloride cement, has not found a single, definite 

oxychloride. He has prepared basic chloride in a number of 

ways and isolated and analyzed the product. He does not give 

the ratio of oxide to chloride used in preparing the oxy¬ 

chlorides, mentioning only the type of oxide, concentration 

of the chloride solution, and temperature. He filtered the 

oxychloride by suction, then washed it first with a saturated 

solution of magnesium chloride in absolute alcohol, then 

XF. A. H. Sehreinmakera, Z. physik. Chain., XI, 75 (1893) 
2 
loc. cit. 

x 
Scl. Papers Inst. Phys. Chem. Research, Tokyo, 4, 85 (1926) 

4Helv. Chlm. Acta, £, 1018 (1926) 



with dry acetone. After drying and analysing, the products 

show a molar ratio of magnesium chloride to magnesium oxide 

varying approximately from 1:2.5 to 1:7. 

From the above results we can conclude that magnesium 

forms one and only one definite oxychloride at ordinary temp¬ 

eratures, and this Is represented by the formula 3MgO.MgCl2*- 

11H20. However, even though mixed in the molecular propor¬ 

tions of this compound, set cement will not consist entirely 

of the oxychloride, as will be brought out later. 

Previous Work on the Mechanism of the Setting Process 

Less work has been done on the actual mechanism of the 

setting process than on the composition of the product. 

The process was first considered to be a simple solution of 

the oxide, conversion of the oxide to oxychloride forming a 

solution supersaturated with respect to this latter due to 

its lesser solubility over the oxide, and precipitation of 

needles of the oxychloride from the supersaturated solution, 

which needles entangle and give rise to strength on account 

of adhesion and cohesion. This theory of the setting process 

was first advanced by Lavosier1, to explain the setting of 

calcined gypsum, and later developed by LeChatelier. 2 

More recently this theory has been considered incapable of 

explaining all the observed phenomena in the setting process. 

Working on the problem of the setting of plaster of Paris, 

^Coaipt. rend., 17 fevrier, 1765 
i 

O 
Recherches experlmentales sur la constitution des 

morti&res hydrauliques", Paris, 1337 



C-avazzi observed*- that It was possible to form the dihydrat-ed 

calcium sulfate as a gelatinous precipitate. From this he 

concluded that the first step in the setting process was 

the formation, on mixing calcium sulfate hemihydrate and 

water, of an unstable gelatinous calcium sulfate of higher 

water content than the dihydrate. This then dehydrates 

and is transformed into crystals of the dihydrate. 

Traube^ alBO visualised the process as of a colloidal 

nature. His theory was based on the observation that the 

effect of electrolytes on the rate of set was comparable to 

their effect on the coagulation of sols-—their arrangement 

was approximately that of the Hofmeister series. From this 

fact he concluded that the first step in the setting process 

was the formation of a gel. 

Ostwald and Wolski-^ followed the rate of set by observing 

the change in viscosity of a plaster-water mixture with 

time. Their results indicated to them that at least a thin 

gel layer on the surface of the particles was formed. They 

promised a second paper on the subject which 'would give 

further data and discuss the problem from a theoretical 

standpoint. That this has never appeared would indicate 

that these investigators are not so sure that any gel for¬ 

mation is necessarily involved. 

Studying the effect of seeding with dihydrate nuclei, 

stirring, and adding foreign electrolytes on the rate of set 

of plaster of Paris, Seiser and H or elandhave shown that 

1 
Gaz. chlm. Ital., 42, II, 626 (1912) 
|Kolloid 2., 2£, 62 (1919) 5Ibld, 27, 78 (1920) 

Jour. Phys• “hem., 26, 1 (1932) 



the setting process is purely one of precipitation from a 

supersaturated solution, as postulated by LeChateller almost 

half a century before. evidence of gel formation was 

found, and the colloid theories of the setting process have 

been discounted. 

In addition to the application of these general theories 

of the setting process to the case of magnesia cement, there 

has been some work done on this material, in addition to that 

implied in the work cited in connection with the determination 

of the composition of the products formed as a result of 

the setting process. 

Grun1 has shown that the amount of magnesium chloride 

used in the preparation of the cement is only a fraction of 

that required to form the oxychloride, and also that the 

setting process takes place when other salts than chlorides 

or those of magnesium are used in place of magnesium 

chloride. For no apparent good reason, he concludes from 

these facts that the Betting process is not due to the 

formation of the oxychloride, but rather 10 the formation of 

colloidal magnesium hydroxide. 

The most extensive work Is that recently done by Sseda 

and his coworkers2 3and by Feitknecht^. Both Investigators 

1 
Hauptversamml. Ver. Beut. Steinholzfabr., May, 1925 

2 
laeda and iamane, Sci. Papers Inst. Phys. Chea. Research, 

Tokyo, 4, 35 (1926) 

Maeda, ibid, 4, 102 (1926); 95, 133, 141 (1926) 

3Helv. Chlm. Acta, £, 1018 (1926); 10, 140 (1927); 1£, 1330 (1930) 



have used the x-ray powder method of analysis on hardened 

products. Maeda found that the oxychloride (3itgG.agdlg. 12H20) 

exists in the crystalline state in the set cement. Magnesium 

hydroxide probably also exists in an imperfectly crystalline 

condition, but absolutely no evidence for magnesium oxide 

was found. According to Maeda, the presence of' crystalline 

materiel does not necessarily confirm LeChatelier* a theory 

of the mechanism, since crystals can exist in colloidal 

dimensions. 

Feitknecnt has made x-ray diagrams of a number of 

basic chlorides isolated from solution and of different 

samples of hardened Sorel cement. He finds that for differ¬ 

ent compositions of the samples, the hydroxide content 

varyl <g from 2.3 to 7 mols of magnesium hydroxide fier mol 

of magnesium chloride, he obtains diagrams which can be 

segregated into several groups or types. This indicates 

to him that there is more than one crystal structure that 

may be formed in the setting process, depending on the 

proportions of the reactions used, and that all the hydroxide 

la chemically bound and not present merely as a physical 

0tixture. For each of the crystal structures the hydroxide 

content can vary within limits without changing the diagram; 

but there is not a gradual change from one form to another. 

The diagrams indicate to the writer, however, that the 

material may equally well be considered as magnesium oxy¬ 

chloride with varying amounts of magnesium hydroxide, mag- 



nesium chloride, and water in solid solution or even adsorbed, 

the diagrams varying continuously with the composition. 

Doth Masha and Feltknecht have followed the setting 

process by measuring the viscosity change as the reaction 

proceeds, and find that increasing the ratio of magnesium 

oxide to magnesium chloride causes the viscosity %s increase 

to set in sooner and go more rapidly. Experiments1 temper¬ 

ature had the same effect, and ignition temperature used in 

preparation of the oxide acted oppositely. Feltknecht, 

and also Ber-e1, state that Increase in concentration of 

the chloride solution decreases the rate of set. :aeda 

finds this true at 30° and 40° but, the opposite holds at 

20°. 

From his results laeda concludes that the setting 

process occurs as follows; first the magnesium oxide 

dissolves, forming a solution supersaturated with respect 

to the oxychloride; oxychloride precipitates from this 

solution and colloidal hydration occurs on the surface of the 

minute crystals, the film thus formed, preventing the crystals 

from growing. 

Feltknecht has considered that a somewhat more com¬ 

plicated mechanism is necessary to account for all the 

observed phenomena. He assumes' that the first oxide going 

into solution forms with the chlorine a loose addition 

product of partially colloidal character, and that the 

1Sall, 19, 283 (1923) 



molecular structure of the oxychloride forma only slowly. 

In dilute solutions the adsorption complex is converted 

into hydroxide, this reaction being more rapid than that 

forming oxychloride. He visualizes the microscopic 

particles of oxide ay made up of smaller crystals held 

together by residual valence forces. As the absorption 

capacity of the solution for oxide must be exhausted before 

chloride will be adsorbed in the interior of the micro¬ 

scopic particles, on the small crystals, the more concen¬ 

trated the solution the longer before this occurs and the 

slower the reaction. 

EXPERIMENTAL 

Method and Materials 

In view of the unsettled state @s to the mechanism of 

the setting, process, it was decided to under taco further 

experiments on the subject. Since the reaction is exo¬ 

thermic, it was thought that it would be better to follow 

the reaction thermometries!ly rather than vlacosiaietrically. 

A diagram of the apparatus used is shown in figure 1. This 

consist® of a silvered lawar vacuum vessel 8,2 cm internal 

di-meter and 29 cm deep. The vessel is supplied with a 

snug-fit ting cor it stopper attached to a board which rests 

on the top of the vessel when the stopper is Inserted. To 

the stopper is suspended firmly a cor It ring which holds a 
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FIG. I 

Diagram of Calorimeter. 
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paraffined paper cup containing the setting cement. A aole 

through the center of the stopper admits a 100° thermometer 

graduated in tenths of a degree. 

A standard set was made as follows. 50 cc of an 

approximately twenty percent solution of magnesium chloride 

was measured Into a paraffined paper cup and 10 g magnesium 

oxide stirred into it, forming a paste. The cup with its 

contents was then pieced In the holder and the thermometer 

Inserted, the whole being then placed in the lewar Jar. 

The thermometer was now read at five minute in arvels 

until the temperature reached a maximum, and began to fall. 

Figure 2 shows the curves obtained from three such standard 

sets by plotting temperature rise againse time elapsed. 

These curves show the degree with which results can be 

duplicated. 

For the investigations indertaken, light U.S.P. mag¬ 

nesium oxide and C.P, magnesium chloride were used, 

industrial practice uses a magnesium chloride solution of 

about 22° BauaS, much variation from this strength giving 

an Inferior product^-. This gravity corresponds to a 

solution of about 2Vfi. The solution made up for this work 

was 19.3%, or 2.37 molar, or 2.51 aolal. Since it was 

found that the rate of set varies greatly with temperature, 

the materials were Kept in a thermostat at 25°, and the 

laboratory was kept at an appropriate and reasonably con- 

^Seaton, Chem. Age, 31, 17 (1923) 
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stant temperature. The magnesium oxide was kept protected 

from the atmosphere to prevent deterioration which would 

otherwise occur, due to absorption of water vapor and 

carbon dioxide. 

Effect of Seeding and Stirring on the Rate of Set 

It was first thought that if the setting process were 

one of precipitation from a supersaturated solution, the 

rate of sat should be increased by stirring or by seeding 

with appropriate nuclei, as is the case with plaster of 

Parish However, this was found not to be the ease. rigure 

3 shows © curve obtained from a setting cement sample 

which before being put in the Dewar jar had been stirred 

for two minutes by a Cenco motor driven stirrer running at 

full speed. Figure 3 also shows the results of two 

seeding experiments. In one case, 0.5 6 ground cement 

from & previous standard set was stirred into the magnesium 

oxide. In the other case, 0.5 6 magnesium oxide was stirred 

in the magnesium chloride solution for 100 minutes before 

the run was made. Microscopic examination of the chloride 

solution showed the presence of needles, and 100 minutes 

puts the reaction at a point on the curve where the effect 

as nuclei should be as great as anywhere. Figure 3 shows, 

however, that neither stirring nor either method of seeding 

used has any effect on the rate of set. 

Reiser and Moreland, Jour. Phys. Che®., 36, 1 (1932) 
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Re con c111a tIon of Results of'Seeding and stirring 

with the Proposed Theory• 

This apparent contradiction to the theory of precipita¬ 

tion from a supersaturated solution may readily be explained 

by tw factors; first the slow rate of precipitation of the 

oxychloride fro© solution, and second the presence in the 

oxide already of a Large number of nuclei. That both these 

factors exist ©ay be experimentally demonstrated. 0.3 g 

magnesium oxide is shaken with 10 cc magnesium chloride 

solution and filtered, if the clear filtrate is allowed to 

stand, a precipitate forms in about sl> hours. Even if 

needles of oxychloride are added it requires about three 

hours for a visible precipitate to form, demonstrating the 

slow rat of precipitation. The presence of sufficient nuclei 

in the magnesium oxide that seeding the cement pastes is . 

without effect ia Indicated in several ways. Addition of 

magnesium oxide to the filtered supersaturated oxycnloride 

solution prepared aa above reduces the time for a precipi¬ 

tate to appear, over the time required in the untreated 

filtrate, although in the small f.mount used here it is not 

as effective ©a the oxychloride needles. Zinc oxide had 

no effect. A nephelometric analysts of the magnesium 

oxide shows approximately 0.03$ chlorine. This corresponds 

to '0.06% oxychloride. This may appear to be a ne|li|ible 

amount but the standard plaster of Paris used in thu 
laboratory in the investigations on the setting of that 



material contained only 0.002^ dihydrste. The standard 

plaster set in 64 minutes, and this time could be increased 

by the removal of dihydrste, or very much decreased by the 

addition of dihydrate. In the case of plaster of Paris, toe 

time-temperature curves show an initial induction period of 

but slight temperature rise with time, and it is this inhibl 

tlon period which is removed by seeding; the magnesia cement 

curve does not show this definite inhibition period* 

Further Evidence Supporting the Theory 

The theory of precipitation from a supersaturated 

solution is also supported by the fact that the rate of 

reaction is influenced by factors that would Influence the 

rate of sol-tlon of the oxide, increasing the experimental 

temperature increases the rate of set. Figure 4 shows a 

curve for a run made beginning 5° higher than for the 

standard run. -he rate of set is lower with oxide of 
r 

greater particle size. Heavy magnesium oxide required eight 

hours to attain maximum temperature. The beginning of the 

curve for a set using heavy oxide la shown in figure 4. 

Effect of Varying Magnesium Chloride Concentration 

In considering the effect of the concentration of the 

magnesium chloride solution-, we must consider that two 

factors ere involved, viz., the effect of the change of 

chloride concentration oifi the solubility of magnesium 

oxide and its effect on the solubility of oxychloride. 

The crystallization process is governed by two things, the 
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rate of precipitation of nuclei, and the rate of growth on the 

crystal nuclei formed. According to Welmara1, the rate 

of precipitation of nuclei is dependent on a number of factors, 

the most im -ortant of which are the concentration in the 

solution of the substance which is to precipitate, and the 

solubility of this substance. .he rate of precipitation, w, 

can be expressed as 

1 - precipitation pressure _ ^Q-L 
“ precipitation resistance ~ ‘ L 

where K is a constant, varying with the conditions other 

than supersaturation and solubility, Q is the concentration 

in solution of the substance which is to precipitate, and 

L is the solubility of the substance. Q.-L is the absolute 

super saturation and (C5-I,}/L is the percentage super sa oration. 

The velocity of growth, V, on the submieroaeopic particles 

whos formation the above equation governs is given by the 

Mernst-Noyep equation 

V = D/S.O.(C-L) 

where b la the diffusion coefficient, S the length of the 

diffusion path, 0 the surface, end Q. and L as above, in 

the case at hand, Q, represents the solubility of the mag¬ 

nesium oxide end L the solubility of the oxychloride in the 

magnesium chloride solution. Hence the rate of reaction 

is dependent on the solubilities of both oxide and oxy¬ 

chloride. As mentioned above, ataeda, Feitknecht, and Berge 

^■"Sur Lehre von der Zuatinden der iaterie", (1914) 



have stated that at the higher temperatures the rate oi set 

is decreased by increasing the concentration of the magnesium 

chloride solution. ‘long with Msecs, the writer has also 

observed rate of reaction increasing with increasing concen¬ 

tration of magnesium chloride solution. Figure 4 shows the 

result of a run made with a 30% solution of magnesium 

chloride, ihila this run was started at a temperature 

slightly above that of the standard run, comparison with 

the curve for the run at increased temperature shows that 

the increased concentration of the solution has increased 

the rate of set. These observations indicate that at the 

lower temperatures, the Q-L value decreases with increasing 

concentration, et least in the region studied, end at higher 

temperatures the Q,~L value increases with Increasing con¬ 

centration, The only data available on this subject is the 

determination of the solubility of magnesium oxide in mag- 
f 

nesluai chloride solutions of varying concentrations at 25° # 

rs made by Robinson and Waggaman*. These data give a curve 

with two p Tnts of Inflection, although this may be due 

to experiments! eoror on one of the points. However, there 

Is certainly no reason to expect the isotherm for oxychlor¬ 

ide solubility, and the solubility corves for both compounds 

varying with temperature not to be at least U-shaped. 

^loe. clt. 

\ 



Explanation of the Vor. ing, Composition of the Bet Cement 

With asolid of as small particle size as is the mag¬ 

nesium oxide used, and a 20$ salt solution, we might well 

expect to find adsorption from solution taking place. This 

is indeed the case* 5 S magnesium oxide were stirred two 

minutes with 50 cc* of aagnesiu .< chloride solution and 

filtered through a Suechner funnel. The filtrate wa analyzed 

for magnesium and chlorine. Ihe results, expressed as per 

cent magnesium chloride, ere given in the following table, 

from which we see that either magnesium colorids or the 

chloride ion is adsorbed on the solid oxide, and also that 

magnesium oxide has dissolved into the solution. The 

Original After adsorption 

Magnesium 19.4 19.7 

Chloride 19.4 13.6 

/ 

adsorption comolex may give the definite oxychloride and 

in the earlier part of the process (before the solution Is 

saturated with oxychloride) this may contribute to the 

oxychloride content of the solution. This is probably not, 

however, the main factor in the formation of the super¬ 

saturated solution. Most of the adsorbed chloride remains 

as such or forms e solid solution with the magnesium oxide. 

Thus the fine! set cement may consist of a considerable 

portion of oxide-chloride complex or solid solution, which 



by the merest chance would be of the sane composition as 

the oxychloride. The composition of this portion of the 

cement and its ratio to the oxychloride formed will vary 

greatly with the conditions of preparation of the cement. 

The main body of the set Cvinent, however, will be magnesium 

oxychloride, formed by solution of oxide and precipitation 

of of oxychloride from n supersaturated solution. 

sumim 

1. The previous work: on the setting of magnesium 

oxychloride cement (magnesia cement, Sorel cement) has 

been reviewed. 

2. The work cited has established the existence of 

3:.?S0• iigC-lg• IIH2O as the only definite oxychloride of mag¬ 

nesium. 
t 

3* The theory of precipitation of oxychloride from a 

supersaturated solution has been proposed as the best 

explanation of the process. 

4. Leek of effect of stirring and seeding on the rate of 

set of the cement have been reconciled with the theory 

on the basis of low rate of precipitation and existence 

of nuclei in the oxide used. 

3. Further evidence in support of the theory is given. 

6. An explanation has been given for the anomalous 

behaviour of varying concentration of the magnesium chlor¬ 

ide solution, by pointing out that the solubilities ofi 



both oxide and oxychloride must be considered. 

7. An explanation has been given for the varying 

composition of the cement, based on solid solution or 

adsorption supplementing formation of oxychloride. 


