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T IWTECDUCTION

The slumins besring eospounds in jortland osments are gemerally
btelisved to resot under a varlety of conditions with ajuecus solutions
of sulfates to form the sulfonluminates of seloium. Tev of these double
sults having the eompositicns,

a0 Algly+ 3CaS0ge TAHHC

and

Wals AlgTy s CoB0g s 12HaC
have been considered to bc the produots formed in hydratinmg portlend
cenents. The mm- salt contalning the equivalenos of thres moles of
(S04, nd known varfcusly as "sement bsoillus,” *high form, Ettuingite,
snd triculfete was disooversd by Cundlot (1)e The exeot CaDialy0g:CaSC,
molar retic was leter estsblished by iicheelis (?), Flein snd Fhillipe
{3)s snd zany others. The moles of hydrate water are waricusly given
se 31 to 3. leroh, Ashton snd Fogme (k) prepsred, and determined the
| m&onium._ and orystmllogrephio propertiss of the doudle salt ocontein-
ing the e uivalence of 1 mole of CaSC,. This double selt is knewn as
the 'Imr rum‘ or mmlfam. Later ﬁyiiﬁt (5} snd Forsem {&) observed
Qf‘hm tm bm;mn!tim and eryetallographie pwmrﬂu. ‘b&t’t ?ﬁmt N W
.' wisble to obtain the molar somposition nwim far tm mml ntn. A
diffioulty inherent in the preparntion of this product has been its
metoat-ble nature. Thus, Nylins (5) wes unsdle to prepere the compound
f‘m‘:mmss solutions of Al,(£0,)}y snd Ca{CH},, however, no Jdifficulty
was experienced 1f the Al,(4150C, molar ratic wes maintsined et unity in
the sterting sixture. Jones (B) and Forsen (&) observed that e high

Jime conventration wes essential for the formastiom of the monosulfate.
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2.

The sulfoslorinstes are of intere:t with regsrds to theories
of the early retoiions of sebtiing of esnent puutes, amd [rom the elsnd-
eint of the disintesreiion of comerste im ruliste kesring water. leo
o eeneiderstion of the aboeve findings of the Jdifferent fnwestigstors
gup;ests thet the monvsulfste may be forsed ep s metsstsble product
whieh may persist as sueh for indefinite psriocds of time, finmlly
howsvsr, oonverting te the trisulfeie. It {8 interesiing te note in
this comneoticn thal vericus speeifiecxticoe limit the 00, in cements
to sbove 2.0 perdent. This linftation is yrwdiéwﬁaa on cbsorvelions
by Eetes {16) snd others, that larger wdditions of the sulfates of
cslcium cause undue expensicns in hydreting cements. The cause ol thie,
although bellewsd, (17) to be duc to the formslion of presusably the
trisulfate, say equally s »ell be due to the sarly fermsiion {atout =4
hours (11)) of the momosulfate with & later converelon of this phese to
the trirulfate. This conversicn is theorstlicelly socompasnied by a
positive volume chenge. From this stasdpoint the fermatien of the
monosulfate with & later okenge to the trisalfete ip hylrating conents
mey result in umdesiruable volume chenges.

In order te underst:nd meore fully the tehuvior of thegse double
selts az probable metastable and stable rroductis in hydreting ewnpents,
an investigation semeerned with ithelr formation and ige ef faate of ﬁg{%

on thelr é&&ii@h?i& wep carried gut ot the Yetionel Fursau of Ttundurds.
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In tiwse, the Eall, wee sdded slovly darin, jpreefipfteiion.  ‘etercinwil ne
L snd % were fdentiesxl to Fo. 3, ? wnd 3, except that ibe bBelig sclation
wag udoad es rapldly as possible. The results for the lstier deteraina-
tions, sitheugh slightly hizh, 7 ports per YO0, were oonaldered salise
faotory, spd scecrdingly the Fell, sclution w38 added rapidly in suleeguent
detersinetions. ZHo 4ifflculty weg exjerisnsed during Filirsiion.

L 0. e grode oF Ala(GU, )ye18F,0, oconteining “.1 psroent fres
Halily wooowrding to the munuliotureres snslysls, =es dlssclved In dlstilled

v

waters neporsale nil,uols of the zoluition were snelyred, res;ectlvely,
For £lyCy and Slge The results in woleg S04 [2r sole 2lyly we ap fellows:
leterninntion Ho. 1 » 3 &
§0g/A1aTy N3 3008 24370 Pe950
The 41,0y wes doteraineble on duplioete wli wots tx 1 purt gur 1970
In deterstnstions 1 end © the Eell, solution wus wided slowiy, sand in
T wnd L, rajpldly te the alﬁiaéc}a solution. Jesulis row deterpinestionsg
1 ungd 2 wwre conslidorsd o be closer Lo the true wvalue, zud are used ip
8ll comput«tions belnyg, respectively, Lel¥€ go tlaly and F.300 go W0y
ik 3itare
fotassius sluninste was prepsrved by slowly sdding pure azstsllie
alurinun in erecss to s 1 percoent sineous solatien of 0% which had teen
freed of V,""ye The systes wis vocled snd protected cywinet 70, of the

gdr. The solution wfter rew-fion weg Tiltered, diluted «iih distiiled

wnter, spd snebilized with s slight sxeesg of "UHe 2nnlyels in tripilest

]

of luefl mle wll uols showud, reg;eotively, (ol 340, Celdd9, L840 ge
£halge

sodiuwe eluninsie wsas repered Ly the sbuve method, ihe sclulion
shoeing, on duylierte swmples, («1085% and Telf89 pe Aly0, per Mol mle

adinuot.



7.
4 satursted soluticm of e. p. !lﬁﬂ;wul plio;é in ; ceresin -
lined flask, emd at the end of 10 ényl Wy dcoaatod thraugh 2 G % Jons
gless orueidble. No pcroc;tiblo 1ess !a wnight of ths pluse eru;ible -
oocurred. Anslysis of verlous lots or salutlons for silice showed (.10
to Celh pereamt S1C, of the anhydrous prodwot. The a. ueous solutiom,

diluted to 7.5 ¥ with (Cp~free water, wes stored in a osresin lined flask.

Be Experimental.

Kixtures to yleld the expsoted solid phases »ere prepared Ly
earefully aliguoting the squecus selutiens, or weighing the solids, in
desired proportions. CQOg-free water was used for dilutiom purposes.

In all preyarations the w.uecus solution of alumina w»as {ntroduced ag
the lest componcnt, the final voluwe of the mixtures belng 1000 ml. The
preparstions in well-stoppered pyrex flesks were stored in an air-bath
thormostet mafntained at 25 + .1° C. To faoilitate the sttaimment of
e;ullibrium the aixtures were frejuently shaken {(generally once s day).

The courss of resotiom waes followed by miorosocple exmsination
of lmslllportzous of the solid phazcs, which were withdrewn frox the
flasks from time to time. These presipitetes wers sefureted from the
agueous phaze by filtrsticn through « C 9 Jena glass orueidle, then
washed suocessively with aloohol and cther, ard Iinally dried over
snhydrous CeCly, for abtout 13 bours. The erysteilogrephie properties
best suited for the ilentification of the solid rhases were the indices
of refreotion end the oharsoter of slongation. JSinece other phases in
sddition to the sulfeoslumircies had to bde ovnsidered,their oryatellogrsphie
sroyerties, as compiled by ¥yliuz {85}, and others ed designated in the

following tetle , are presented at this time.



a.

Chursoter of Nlongution

Trisulfete We 1,469, €2 1 459 Fegative
dunosuifete W= 1,804, E£% 1.48% ‘ositive
KUl e 110 5o 1%ig0 W= 1,519, £ 500 resitive
Bl 0 ilglge 170 W= 1.878, €= 1,503 tositive
el dalget iyl 1.6Ch {izotropie’ -
Flalgenyg 17 lek7=1.49 (isotropie’ -
ilqlgeny (17) 1.92% {frotropto} -
Cailill, (29} W= 1,57 £ 1.545 -

An interesting observsiiom with regard to the sulioslumitisbes
wat Lhe orystellisstion of the monosulfste on the wslls of the flask,
shorous the trisulfete ghoved no tendenoy to sdhere to the zings.

Sinee s cusntitstive Lranefer of the trisulfuvie was poseible undsr sueh
eireunstences, sdvantsge wes tubon of this for ldentiflostion purposes
ne disenssed luter.

The mixtures were Piltersd efter 4§ to 17 sseks, nvxea)t in
f'sw instunoss s noted in the text. Heosuse the attainment of euul=-
ek riun 1& of'ter very slow, the ey688 at shioh the warious rixtures vere
flitersd are reyorted in the telles slonmg with other pertirent da%te.

2 Pi{ltering arpsrstug, to provide protectinn syninmet the T4,
of tke etoosrhers end to faeilitete the trensler of the preofpliste
From the rosetiop Plask to the plass crueltle, was set up «& shown in
figure 1. The sujernetent solution, when swirled Ly luparting e sliyht
rotary zotion (in the horizontul plune) to the fleek, served se the wash
liguide The connsotion to the wuouun %nw; was provided with e pateccook
#0 et ths suction flusk after purtisl evweustion could be olosed, thus

rroventing sericus evapersiional losses in the numercous Insiumovs when
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filtretion wes slowe The asximuem time to Filter ome liter of the mixture
wus #ix hourse After flitretion sws vowpleted, the preeipitete waos
thorou hly weshed Pour times with zlechol, then Tour to six times with
sthyl ether, und fleelly dried over snryirous Tally to constant weight.
Sines thre thesretlesl suss, ssguring one sclid rhere, could Yo romputed
from the smoumte of il,Ug to renot, the observed msss of Lthe precipltate
=48 uged Tor ldentificeliom purposes in & nusher of insteoroes when the
crystols rere sub-uiorcseupie in size.

The s.uscus phese was &l uctes es fellews for ohosdosl anelysies
G0 mle for algligs the filtrate of which [efter the il;iy detersinetion]
wns ugsd, totally or in purt, for Tel; and ?5& ®le or 1lwos ?@r wlge The
solutioneg, after s~idifiecation, were e¢vsporeted down Lo 190 ml. in [rapse
ri len for the anulysiss The (H™ concentretion war determined imuecdiziely

sfiuwy fPiltreiion.



Pﬁ, .

131« STLPQALDUIWATES A3 STABLE AND NETASTARLE FRODUCTE.

The experiments nﬂ,ns»a portion of the investigstion were
eoncerned primarily with mwwaﬁwt %aar»aaaﬁrt am the geuanwwwnvs as 8
metasteble phuse snd its solubility, (2) the ,w&mmwn:w of the trie
sulfate, {3) the ocoexistence of the trisulfate snd a e:uo«a& sluzinate,
snd {4) the prveipit-tion of the Bomauswmuaq,ai 1 naanu¢wm~y,mwnutﬂw~as
solutions sontuining exocess sullste. .

| The dste are reported im Telle 1. The aoﬁmauwa»aan of the
ueunnubm,a»w&aesu. as grums per liter of Cal, Algly and 20y, are
given in columns ©, %, end L respectively. In aouawa $ is reportsd the
ejes at which the mistures wers filtesred. Columms €, 7, 3, and § giwe
the somposition of the mauesus phase se OR” (equive/1.), Cat, 21y0,,
snd 505 (4+/1s) respsetively. The molar cemposition, TaCIAlaCyiiCy,
of the preeipitates is reported in column 10. The sclid pheses and the
saounts of these estimated mioroscopiesily are listed im column 1l.
In thess mixtures the UsQ is the totml of Ca(CB), and Cailg. The Alaly
was introduced as XAlCy end the fiasl e ueocus phese, therefore, contalns
some I(H. This smounts to sbout C.CC? equi. of OK™/1.

The oe!ﬂe-w«uas of the soiid phaces mono_mnagw;pw% eomputed
frem the knoesn smounts of' the comstituents in the preparstory and {ina]
solutions. The results of ennlysis of the splid pheses as reyuired te
supplement the ocomputed rstios sre given in the text.

gixtures of series 4 were prepured so that the wuanwnmna molur
retioc in the wqowa«»ao«m salutions was neurly equsl @v ueity, and the
Cai{C¥)y waa decrensed {rom neer saturation to n.v.m' Cal/2s 48 regutde
the @eseoanan«uaazo% f0ye the solutions af'tsr resotion sinmulate those

of the s usous phsge of hydreting ocements, except for the sbsemos of
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11.

large smounts of sikeli hydroxidee after the gypesum had baen mors or
less coapletely removed (11) as the sulfosluzinmate.

Fxaminstions of those rolid phases at wverious times siter
ssparetion showed that the monosulfate formed in wl)l mixtures, end
persisted ag such in Al to A% for about 4 weeks bafore conversion te
the trisulfate hed started. The preeipitste in 45 showed no {ndiscation
of conw:raion even at & weeks, whereas, the monosulfste in Aé and A7
bagen oomverting to the trisulfute and monosulfate of mean index of
1.51=1.57 at, respeotively, ? woeks eand ? days. The conversion in A7
. wag ocmpleted in wbeut e day, but in A€ the rete of conversien of the
éaneaulfégq was v;rf alow. | |

The computed compositions of §h¢ solid phases rof1§o£ the
presence of two phases, the estimsted smounts of whioch sre given in
column 10. The fsot that mo second esolid phuse wppesred in mixture 45
snd the mesn index of the seolid phsse prevent in this mixture end other
mixtures of serfes % was 1.51«1.%9, somewhet higher than that of the
monosulfete, noosssitnted v osresful cheek of the fwaulta. Mresot
anelysis of the precipitete geve the composition, F.90C Tal11.00 A],0,%
082 504111.5 ByC, whioh f2 in zood agreszent with the computed results.
In en sttampt to acocunt for the rrestionsl moler retie. o duplioste
aixture wes prepared, but riltered 5 minutes sfter preparstion. Iirsot
analysis of this sclid pheee gave the fellosing compoaitien: 3~9@ Cali:
1o00 A1404185.850,111.8 0 which agrees, within limit of error, with
the abeve. The momosulfate (4) was prepared sidultansously with the
latter preperstion, shewing the sorrect molar ratfo (2.96 Ca0:l.00 Al,Cgt
Ce99 5Cg)s and alse having the refrsctive indises reported in litersture.

Apperently the product formed &n series 4 1s not ithe menosulfets. Since
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simtlar disorspencies in the molsr retios were cbserved lster, preci-
itate 4% wil)l be considered ot that time.

The results of thia ssries show thsat a prodact of a slightly
different composition than the monosulfste is formed and parsiste, se
presunsbly & metasstable phass, for relatively long periode of time.

The Al,Cy found in solution mey be econsiiersd as spproaimsting
the solubllity of the new product. whioh is refsrred to as the sonoe
sulfate. The g. of AlgOy/l. are plotted ageinst corresponding smounts
of Col in g+/). in figure ?. The sclubilities of the sulfoanluminstes
are compared in the following scetion.

Hixtures of series B were parpared for the purpose of determining
the sclubility of the trizulfate in comtact with solutions containing
Ce?C go £0g am Cadly and deoressing smounts of Ca{iii}g. The trisulfote
was the only solid phase found microsespiosily.

511 flltrates were enalysed osrefully for al,04. couplets
aralysis being made of filtrates Bl, B? end BE8. Computaticn of ths
eomposttion of precipitete Bl showed that an excese of Tal was removed
from solution. Also it was observed that the mass of preeijitstes
Bl to BE wae sbout 1 to 2 percent bigher than the theoretical. The
yresence of s second solid phase was indicuted, snd annlysis of preeipi-
tates 7 and 56, whieh showed wolar ratios of, respsctively, $.90 CaGs
1.00 AlglggPeBU 50y and 5.30 Cabile (0 AlaGgiPe T8 §Cg. Suggested G40,
from the pyrex yless o8 a contsminant. This constitusnt during snslyeis
would be counted Iurﬁply es AlaCy whioh ie the reference aﬁupaa«n@ in
the esmputution of the molar retios. In order to escertain the extent
of this contaminant and its menner of combination, precipitstes El, ET7,

snd S (the letter, althoapgh disaussed lster, was inclnded becouze its
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mass wes about L percent higher them the theorstiosl) were swrefully
anslysed. ippreclatle smounts of 010, were found in El erd C%, but the
#olar ocomposition of those precipitates wes gtill pot vorrect ss en
oxcess of Ual was present. Tt wes assumed that PCale2iCq.4igC {11)
yreefipitated es sn independent phece, snd the meler compocition of the
trisulfate was ecomputed from the anslytical resulis correoted for the
smount of Cal mnd EoG required for the ssswsed compound. The results,

resyeotively, in percentajes and melear compositions are as follows:

Ferocentuge delur Composition
B B7  ©5 B p7 cs
$10, - Ga®  0u1C  CeTE . - .
M40 B 8ot 7097 1.00 N R
a0  27.60 27.00 27.67 5.96 5,95 - ko
50y 19.30  19.46  19.19 . 9.9¢ 2.02 2.07
’

RgC kel 4%.% k.19 AT N.? 1.9
*HeC teken by difference. '

The computed compositions, on the assumption that 2Cal.580gqeLF,0 18
formed, are within reesonable limfta. It fs interesting to note that
CaCmblyly =540, conbinations (?3) are precluded beosuse the witéﬂruw&l
of 4laly + uiCy {rom the reported saounts of 51,03 would bedly distort
thke molar ratic. for the trisulfste. It eppears, tberefore, that the
trisulfste iz stable ageinst solutione euntxln&ug £4Cg in eullibrius
with 2Cale£1C,.Hu0. This 15 reflected by the very low sclubility of
the $risulfete. | |

The tnlubliiﬁy of this compound, es grams sl,Cy per liter, sre¢
plotted agsinst oorresponding smounts of totel CaC in g./1. in figure 2.
Although the solutions oontsined C.20 g. of Gy as CalC, per liter, the

ocoamon ion dose not have a deteotshble offect om eltering the solabllicy,
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us the present writer (?4) had observed previcusly thet in the sbsence
of exssss &0y in solution, 20C ml. alijuots of lime solution, in contuect
with the trisulfete, snalyzed for C.000C go £1,04 over s range of Cel(K},
conoentration extending from C.b to 0.9 g. Cu0/l. Lerch, ishtonm srd
Bogne (L) reported "moma® for Al 0, originsting from the trisulfste
rleced in satursted Na{OB), aolutiam} end Forsen (11) roported values of
€.00CE, Co00CC and 0.0COC go Algly/le for e.zm solubiiity of this oompound
in u saturated Cs(0),-CaSC, soclutiom. 4s oan be seen from gleure

snd Table 1, the trisalfate is h}ﬁﬁiy*13;51@#2»'1&:c&iﬁtieut_orjigiyﬁngf1 o
Ca(CH)}y ooncontrations. E | h

The solubllities of the two sulfosluminetss are yiven in figure
P. It is seen thet these twe double salts approsch the seme solubility
in solutions mesrly seturated (1.1 g. Cat/l1.) with respeet to Ca{CH)g.
Although the ;m2&¢d for the "momosullste’ represent omly sn :=pproximation
of the solubility of this oumpound beesuse of the presence of the trie
sulfete, the trend msnifested, novertheless, indicstes thst the solu-
bilities of the two Porms et the hlgher Cal aanaawtrutimﬁa are of the
sume order. This mey scooumt in part for the ulow conwersion of the
wonosulfote to the trisulfete.

Uixtures of nerfea C were prepared so that the Ca( concentratien.
a8 Du{CH}g, would be near saturetion after reseotion. The Cail, oom~-
sentration wes progressively Incressed up tc neer seturation. Peosuse
the solutions contuining the high 50, concentraiions wpproxizete, in
composition, the aguecus phase of hydrating cement pestas, the products
formed in this region are of interest to theories of early setiing.

Thus, Follvr {15} eleimed that 4{Cal.2l,(yelV,0 was formed when early
setting of cemsnt pastes wes sucosssfully reterded. Forsen (11} belleved

that the formation of tha.monawuifatu soocunted for retardstion of esrly
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setting. The orystels formed im solutions oomtsiming the higher lime
end pypsum concentratiens are extremely sssll.

The mixtures in series [ wers filtured =t 7 weeks ofter prepa~
ration in order to permit the erystals to develop in sisze. The masses
of the precipiteten sxoeeded by 7 to § psresnt the theorstieal maai.
and this is.asarikaé to the formstion of a dioalecium silicate ar a
second solid phase. This letter phase is known to exist in submicreseopio
erystals or us an smerphoue masa, snd this may aeeount for the fallure
to find it in the finely erystalline mass of the trisulfste.

The filtrates vere snalysed only for il,0,. The ssounts of

Eaé ané &0y in the aguecus pheses wvi. ecomputed and are isgerted n
Takle 1 for purjores of dieeua‘idl, ‘

| Up ﬁn‘u ennaeﬁtriﬁiaﬂ at'&phs ge Cal per liter the triszulfete
precipitated immedistely from sclutfon s spherulites of nesdles. It
was notoed, not only in this series, but In ell preoipitstes exsmined,
thet the trisulfste origineting as & converslon ;roduct wus aslways
present as individual needles relatively much thicker then théue of the
spherulites, except =s moted telow,

The »olid vhase sppsering at first in the aixtures (5, C6 »nd
C7 was wory fine grailned, and {ts mean index ocineided with the meun
index of the momosulfate. After s few days the precipitete btegsn to
convert to a gel-like phuse heving s bluish tinze and genersmlly appesring
like hyirous =lumina. Attempts to filter off a portion for micrcecopis
exsminetion resulted iB w pertisl pesssge of the wolid phese through
8 G Jena glass filter. Jiorcsooplc enalysése were inconolusive ss e
whethor this new phuse wss the trisulfete. Since this occurred in mix-

turgs whose s.wesug phese efmulntes those of sement rustez, o nusber of
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sdditionsl miXtures were prepared %o ckserve the ohenges nmore sclosely.

To 1 liter lots of sclutions satursted with teépe&tlta Ca{CB)y
and CaSC, were added C.0840 g« AlyOy as XAll,, snd the mixtures treated
as follewe: | |

50lid Phases

1. Plltered immedistely ‘ Nonosulfate

2. Geeded with 2 mg. of trisulfate (C%) About 50-4C mixture
end filtered immediately of ? sulfonluninaetes

2. AlgCy solution sdded simultsneocusly Inly trisulfete

with “seeding® solution of trisulfste
{trisulfate propared as in %)

4+ Filtered at 4 weeks (not seeded) Cnly trisulfate

S D0 g EgSC, added (ot seeded), and © caly triculfste
filtersd at 1 wesk

In oxjeriment 1 the mixture filtered readily, § mimutes being
reoculired to éiltor 1 liter; the {1lsrete wae olear end analysed G.0008
g 5lgly/1. The solid phase wus identified es the monosulfste, msicro-
scopieally, ohemicslly (1%.1% 504 to theorstiesl of 17.9%). end by mass
of the preeipitete. In experiment ?,twe mg. of dried trisulfete were
disperved throughout the acintiun and the Alyly was added rupidly. The
preoipitute had o bluish tinge, ?squir&d S hours for filtration, psssing
partislly at first through the G? Jens gless filter, and efter washing
und proper drying had a mess {ndiouting a %0-5C mixture of the two sulfo~-
aluminstos. In experiment 3 o suspension of trisulfaute ori;insting from
& mixture ld&ntlaul to C%,end containing about 3 mg. of the solid phass,
was simultanecusly sdded with the aluminate solutiom, the flusk with
comtents being shsken after sdditiom of esoh drop. Filtretion snd
the sppesranss of the solid phuse were the guse as in No. 2, but the

precipit -te consisted ersentinlly of the trisulfate ss indlested by the
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observed moss of .01 g. to the theoretioa) of 1.0? g. Experiment &
wns ths seme as Wo. 1 except that the mixture wes filtered st L weekse.
ts indiosted by the suelling of the procipitete, abost 3 weeks were
yulred rcr'tho conversion which sterted at eboxt 2 days. ?iltratimn
was slow, but the filtrete was olenr indiosting thet the erystals had
gromm in size although the solid phase appesred gelstincus. The maszs
of the produot agrsed with the theoroticsl]l for the trigulfete. In
experimsnt 5, 20 groms of ¥, .0, were dissclved in a liter of sstursted
Cal{Cl}p~CaSty solution, the mixture filtered, ond ihe aluminste sclution
sdded. Canvurﬁto# ef the monmosulfete began im about 20 hours, and appwared
to be‘aanplﬁﬁo in § to & days as indlectod by the mmss of the [lacoulent
.prnﬁxpltata.‘ ?53 ulxﬁuQ@ was {iltered ot 7 days, a sunll portion of the
80l1d phase passing through the glass filter. As shown by the cbaerved
Q&gﬁ. eoﬂwarqian‘cf tﬁ;'mﬂ;aaulfmkﬁ wus oomplote. '
U: Ca ﬁhﬁ tssis of thQ uSé;i obacrvstions, 1t is ocomoluded thst
the monosulfute is formed im solutionz pesrly setarated with respect
to Cabtly wnd ﬁc{éﬁ},. The phase, ui%hﬂﬁgﬁ zotustable, nay pereist us
stuch in the presence of sxeess sulfate and the conversion is relatively
slow. Cinoce the CaS(, in cement pastes is eembined in about 24 hours
(11} es the sulfomluzinate, the possidility of the monosulfete persisting
in hardening cesents is grestly snhunoed ss shown by the results of
series fe The Bseding” of the egquecus phese with the trisulfute to
relieve supersaturation with resjset tc this ocompeund results in the
- jmmediate formeilion of the stable rhase. To what sxlent this mizht
cocur in hydrasting cements {g 2 matter for conjecture, depsunding on the
reintive rates of sclutiom of the partioipating ocomstituents. Thuas, in

sixtures C1 to CL, et lower CeSU, oannuutratignu. the trisulfate preoipi-
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tatad wﬂiyapmwcwu._ Therefore, sxeluding the i{mmediate formsiion of the
trisulfaste, the monosulfate s formed in the presence of excess sulfate
in hydrsting cements regardless of the wns.awsa of 5aC snd HegaC. These
two letter constituents, although dissolving in part as KCH, are
immadiately converted to eeqq&awaauasm sulfstes vwﬂawl excess pypsum
present (15). | . |

The sbove resulte are »a aocord with Forsen*s (11) observetion.
Howsver, in the osse of hizs alkeli~free coment, wwt,aaiamnvmano;au- |
pretont as a asarumeuwa phese. There exists the posaibility, ﬁwenawono.
that the expansion of oconeretes made of ocesents nmaw in mqﬁnwl iz due
to the formastion of the monosulfate as 2 metastable phese with a later
conversion te the trisulfate.

Forsen {11) has advanced the theory that *felse” settimg occurs
if the trisulfate i formed, the prefaremntisl formation of which he
¢soribed to the precence of Ca304,1/7Hy,0 in the ocement. Falss setting
is a "s:1idification” of the amﬁoﬁwnapwon paste ﬁw»er may ocour & few
seocnds, or few minutes, after amixing, btut whioh oen be worked cut by
s further mixing for s minute or two. A given ocenment may exhibit this
pbenomena dey after dey, while another will show it one dey and not the
next; snother will show it efter long storamge, altheugh originally not
manifesting 1t. Im view of the experimentsl evillenoce that the trisulfate
appears immediately whem the CaS0, concemtration iz low (mixtures Cl to
ChL) or whem tho lime comosntraticn is low (series B), there exists the
possibility that in arwapus fnstences preeipitation nuoleii of the tri-
sulfate sre formed with the ecuseguence thet the trisulfate iz the only
sulfate bearing compound formed durimg the setting of the cement-wuter

mixture.
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In gsaries D en sxcess of nlumina owsr that required for the
formation of the trisulfate was sdded, the molar ratio of Alyiy il
wes meintained at 1:7, and the quantity of Alyalg sas KAIC, wsa progres-
sively ineressed in mixtures D1 te DS inclusive. Tha originel Cea{CH},
ooncentration wes near s:tnrutien {117k 2o 1.086 g. Cal/l.)e Sufe
fioient Cal was present to combine with the sxoess AlCy to form e
ssleium nlumirste. Thus, the compounds 20a0.Ala04 8H,0, CaC. Algly. 1880,
snd 4CaC.41,04¢13H,0, have been reported (25) as motasteble phases which,
depending on the composition of the aoiuttan, may persist as spuch for
various periode of time. The steble fors of these, known as the isotropic
or isometric or hexshydrate aluminate, 15 the compound, 3aC.Al,ylg. 68,0,
It Yelongs to the cublo systom, whereas the others bslong to the hexagonal
system. The end products expeoted im this anrisukﬁpyh. therefors,
‘frusyansivgly 3¢5Q.AA,@,.6H,G end trisulfate. In or&ﬁr ta.cxpdéiho the
miorosooprie identifiestion of the aluminutes, mixture D1, whieh had no
edded sulfate, was preparsd. o

in this mixture very smsll hexagonal orystsls were first
‘formed, whose mesn refraotive indéx of 1.53-1.84 suggested thst LCal.
412041900 was the preduct precipiteted. In 3 %o & weeks the atabdls
aluminste began to form, snd et 7 wesks the conversion to this product
vas estimated to be wbout T0~90 pnruint soupleted. To preserve &
portion of the metustable produot s en aid in {dentifying the aluminetes
in the other mixtures, the mixture was filtered st 7 weeks.

The trisulfete snd a seocnd phase in submicroseopie orystals,
ef positive oharseter of elongation and mesn indéx of 1.52-1.%4, indi-
esting » saletum sluminate, were jresent i{n mixtures 07 to LS, inclusive,
from the “ine of yrereration until filtersd at 12 weeks. The high asen

roflrepifve indey  oeluded the presence of the mouosulfste. Analysis



of the filtrates prﬁolﬁdta the presence of metestasblis selcium sluminutes.
Bessey (?5) bus showsn that their soludbility is in the order 9! tenths
of grems of AlgC,/litsr instesd of the few thousandths observed here.
?ha‘aoagletc chomicel anslysis of the filtrates snd the computed

ccmpound oompositions are given in Toble 1. The nvbruap sﬁ%voanncntrnticn
of C.0017 g./1. in this series, end the average Al,C, concentraticn of
D.006Y ge/1e in sories B, compute to an 504/A1,0y molar ratio of S.
This value, within limit of experimental errors, agrees with the theoretiosl
of 7 required for éka ocongruent solukility of the trisulfnte. Cn this
besis 1t eppesrs that the trisulfeis is congruently soluble in the two
series of miztures. Since the solid phese in eddition to the trisulfate
ts neither a metastsble sluminate, nor the mcnosulfste, nor the expected
stable ulusinete, Cel.Al,04.6H,0, It probably is snother speoies of the
aulfosluninstes. This compound is either ineomgruently seludtls, or if
oengruently soluble, 1t must have w low 50,/Al,05 molar retio. ividence
given later shows thet sulfoaluxinates other than the monoroifute and
trisulfete are formed.

 The results om the reaction of solid 4Cel.nla0ge 19,0 with CalC,
in contueot with » setursted lime solution {s of imterest from the stamde
peint of the mencsulfate as & metmstable phese. Two pross of 4Cal.Al,C,.
i26,0 were pluced in liter lots of seturated lime szolution, end 1uo:uus:ng
smounts of CaSC,.2,0 were added. The rreparations and recults after

¢ weeks sre presented in the following table.
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Fraparstory ¥ixturs Results
& -

Loa0- & Eeolee $Cy

Alply~  Call, 804/ /0150y in Crystalline Phase

lﬁﬁae folne
E1l 200 29 < Eone lonosullste
B -?-66 k8 1.0 Hone . Bonosulfate
9 2.40 77 1.6 Trece Honosulfate ¢ trizulfate
E & 2400 1.4 e Truse ¥onosulfate * trisalfute
ES 200 1.47 % Large Trisulfate * Ca{CH),

The hexsgonal plates of the ornlelum u&ustngzt hydretos remuined unchenged
in miztures 1, 2, and 7 st 1 week, except for a lowering of ths refresctive
index; this wus nlso true for the original solid phese ifn & and §, but
in these two mixtures needles of the trisulfets were present. 50 ml.
eliquets vithdrien from the five mlaxtures showed that «ll sulfute has
comnbined fn Fo. ] snd 2, but inoressing emounts were found in, respectively,
Ho. 3, § und S.

The mixtures wose filtered at £ weeks, the results of miecro-
scopio exuminstions en the eclid phesess were surprising lasofer as
Ca{Cl)}y wns abaent rom No. 1, P, snd 7 Apparently the CalC, moiscule
entore the UCnlealalge1MaC lattice, the compositions of precijlitates
Yo. 1 and 7 belng, respectively, &.?ﬁtﬁ-ﬁlgﬁu.éﬁeg and &.3?&&.&1,635.9$€5.
The refrsctive index wes 1.%0=1.5% Jones (17) obtained wpprexizstely

_ the ssue oompounds from the remoticn of 2CUsAlglye34,0 with Ca(OH), snd

| Caiifige  These compounds will be someidered later with otber semtors of

the solid sclutiom serlies.
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aoaaﬁaw«wwmv# is fixed «s = oonstunt (m given wertiesl distencs as e ulv.
OR \J.w. 9@@ the »aeﬁnwsr« waaae in the . usterrary system Cale=il,{g=iCg=
a0 v ama N P »oategma roevﬁwea of these points et veriocus CH™ ana;,w

centrations delinee 9&a glven w@ﬁs&vn% in the auqﬁz¢QU@asoaa gwgnss. The

amm,aauusﬁntmnyuwo »nwésj:cw the three phases, spooificelly either the trie

sulfute or vonozulfate, as the scampoeition of the s meous phese 1s warted,

irdicutes awa.saw»aao of stability of the remeining double salt.

Be wnoeawnwc.

The mwocaaawﬁ in Wuaunhnum the aixtures .sm following the
resotions wes thet uased previously, nevely, snauam rejuired smounts of
| CaltB)y, Aly{iCy)g, (or Saplly * CeBl . PH,0 ¢ Reyity) and Ral0R), so thet
the desirad pheses would appear. Per e port of the study 1l,(5C )y,

‘ (Co1095 go Alya04/1. and 2450 m..m@u\w»w in the presence of exoess [l
yleldad the two sulfonluminates. a:»ugr.mwcb Calklye 2y wore used
alternstely with the Adg(iCg)se & 0s pe grade of HeqSC, was used for
inoressing the salfate concentratiom im a few presperstions.

511 mixtures were stored im ocerevsin lined Plssks to provide
protection azsinst contumination from the glass. Thie materiml ;uve

jo0d service when certsin vntoeu«nns.* were obsarved.

Y1t lesst 100 ml. wn molten oereain {10C-110° C.) were pleced in a 1}

liter flosk prebested to w@@fwwﬂs Coe The {lesk and &ﬁuwsya: ware permittec
to ocool spontsnecurly 1n the luborstory air, »hile #a»wm gently rotuted
aaxwﬂw the solidifiostion of the eeressin, csre bein; taken to cltain s
hr»nmw_yang costing on ihe nexk of the wwamw with the remsinder of the
surf'uoe mudwwm no aWna,uﬂaﬁu. ﬁma eosted flaske upon reeshing room
tomparstars we re pleced in the colorimeter to presv:nt orseking cnused

by susden temperature ohenges,
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Ce 50l8d Solution leries: [Cal.ilalyelaC = JUa0eAlp0giCy o 128,00
4 number of exploratory mixture: heving such emounts of 2lgly

end 50y to form 1.7 go of the trisulfate, but contsining verious wacunts
of ¥aCH, yielded no trisulfute sbove e concentretion of Ce?% e,uive of
¢H"/1s % new phase having e wesn refraotive index of stout 1.52 was
formed which snelysis shoved to have e varisble S0g/21,05 molar retio
ef less than usity. fince solid Ca{rEly wes prtaeﬁt. the totsl composition
of tke phase e¢ould not be determinad.

| In order to ascerteln the composition of this solld phase, wnd
to determine what effeot KelH hnﬁwan the ﬁ@afklgﬂ,Lraxtu. & nusber of
mixtures were preypersd whioh yiéldod this product in a pure forme The
initial composition, except for the NaOH, of onch mixzture wes C.}0Sk g.
4130y w6 Hadlly, 0.1798 g. of CaSO, as case',.mﬂd. end Co? ge Cal as
Ca{C¥}a por liter. The mixtures were shaken for 1C+20 2inutes and then
filtsred. Although the smounts of Ce{0H), sere in excess of those
rejuired for asturstion, soms supersamturstion was permissible, ss Cal{l),
preoipitates very slowly (27} from supersstursted solutfons. The oompo-
sitions of the s0lid and liyuid phases are given in Telle ?; precipitates
No. 3 to Ho. 3, inclusive, were obtainsd by the sbove proeedure. :iinve
the 50,/ Algly molar ratioc waried from (.68 to C.?? for the solid pheses,
whose Caf/Al, 0y ratio was close to 4, and thus suggesting a solid solu-
tion series, u«dditiomal sclid pheces were prepared Lo eomplets the series.
Fumbter 1 is the monosullsate prepared socerding te the msthod of lerch,
ishton snd Bogne {&}. Eoe 7 is the ¥o. 45 mentioned previously, Ho. 9
was obtained by the descmporition of l.? g of reshly preeipitated tri-
sulfate [CS), in sn Ged N NalH solution, over & peariocd of 4 veeks.
Number 1C wee prepared from e mixture whioh wes the same es Ho. 3 to ¥e. 3,

exoart that CaSl,.25,0 was not sdded, and the HelH oconeentration was o5 Ne



Table 7. Yembers of sclid solution series: 73Cel.ilglgeCa{CH)yal2K, 0~
"‘,{?&ﬂ. ’i}\q‘{)gq CQ?’ C?&a 1"“:,1{‘

Yolar Tomposition of Composition of
jolid These dgusous hese
fun Cal  Alyly, L0y Bl CH™ Cel Alal g S0

Ho. @ﬁui'./ig gn/lq &9/19 g,/i,

o rs e A e

1 -1 10 Ce99 174§
o~ 1. 5C 1.8 -35 i1 ﬂ.ﬁlﬁ Le W33 Celiily? Qgﬁlgﬁ
kd L4 1 GG «£7 Tols « 17 154 olid 9&?&?

& 3;9& I'H@ !&ﬁ 11.7 .?Q? oik& -&699 qulg

6 LeCh  1e0C ob3 17.% <25€ C1h3 L0OBE L0kéL

7 19L L0000 o131 177 o B « 15k o114 837
8 (La0Y®  le00 - - €29 .11 L0300 R 233
9 {het3® 1.0 07 - . TBO 0 « S0 o =)
i &-?in?z.:a o 13.¢0 « 520 111 N e o

() Cea{lH), present, L0 moles al sscumed.
(b tulfuate mot adied in Yo. 1.

1.50
1.51
1.52
1.52
1.52
1.53
1.53
1.53
1.5%
1.5%
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at 9¢¢® €. Igaftiom st 110¢° C. rosulted in s loss of 0.

The ohemiconl composlitions of the uoild phaeas and the gredual
chenge in the refractive inmdex sugzests e eolid solution series, heving
as and ﬁﬂ&kﬁrﬁlﬁcﬁﬁ-ﬁlgﬁgaﬂb&ﬂ‘ol?ﬂsﬁ and 4CaCealglge128,0. Inm order to
have more substentiwl proofl of such a s«ries, Xeray diffraction jatterns
were obtuined on preeipitates 1, 2, 5, 6, 7, 8 end 10. lome 4ifficulty
was expericnecd im ebtauining well developed limes in the speotrum psttern.
An exposure of 45 hours wes reguired and cven then the linee were some~
what blurred. 4n objeotiomatle hatit of these zinute oryetals is their
rronounced tendeney to sgplonerate psrrallel-wise making randem distribue
tion wery difficult to oktein. This may sccount in pert for apparently
smsll shifts in the cell sizes ltetveen some of the semples. The intere
Flenar speaoinge betwsem {{i) planes vwers computed and wre plotted in
figure 9 ageinst corresponding moles of &G,‘fbuné in the solid phese.

It 1z sesn that the cell sise decrsases #ith Jecrsmsing number of S0g7
ione in the molesuls. 2lmo it wus obscrved that spectrus lines of both
end zemlers vere missing im the pattera cbtsined on the intermediate
nonters. The Seray evidonos, thereforve, Indieutss that o solid solution
tories best sxplsing the observed data. The ond memnters formulated as
follows, TCaCeilglyeCailyel12MoC and IR0 AlyCyeCalCh),-121,0, shkow that
one 5Cq™" 1% replaced by 7 CH™ in the momosulfute moleoule. The ameunt
of this replecement increeses as the CH™ nanaauﬁrﬁtinn is inorensed in
the s uecus phase abtove C.27 B for the piven conditicms.

The sppsrently homogeonsous solid pheses just discussed, those
mentioned previously (25, £1 snd E2), end thore reported in litersture

are schematioslly compiled in Table ? as members of yossible solid sclue
tiom serfes. It is quite probsble thet the unidentified new yphase found

in series D telongs in i’.hin sohezutie outline.
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Tabls Frobable solld solution series btetwesn the eslojum siuminste
hydr:tes snd the sullfosluninstes of celeium.
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28.

Jones {13) in attempting to loonte the boundery 20ef.AlaCye
8H,0=trisullfate by shaking s0lid 2raleAlylig3Hgl with ajuecus sclutione
of wirious CeliCy comvenmtrations observed that up to & certeln iniitsl
oonoentretion of CniC,, the trisulfate did not appesr, but the CaSl,
was romoved from solutiom. The oryetsls of 20nC.81y0g.81,0 showed no
apparont ehunges except for s lowering of the refractive iaﬁat. The
solid produst showed s composition of TalsilglyifQy * F.911.010.4" te
.2:1.C10477. By inoreasing the Ca{CH), in the starting mixtures, Jones
cbtained solid phases having more them the oguivelonve of L moles of Tal,
€o fou Ba? CaD1leC AlgOg 10062 30y The latter phuses appurently sre
menkers of the save series as Wo. £1 and £? obtained in this atudy.

Jomus ex;ressed the view that thess pheses wafa ﬁt@hﬁblﬁ menbors of w
#0l1d solution series. asssrsom (73) prepared m‘yautnsalqiun sluminate
| of the formula 5CRC.Ala04 (tr 504 ). 2PHaG. The eompound 6Cel.AlyCy x Uyl
is & hypotheticusl one znd §8 merely isserted ss sn snslogue to the irli~
sulfeute in Teble %.

In the folloving eeotions of the peaper the formatlion of epparently
steble products having $é,/%1g0, molar retios of less then unity ere ocne

sidored se possille compounds in hydreting cesents.

L. Tesults and Diseuselon of Bound:ries.

The data coneerned viih the boundsries «re reported in ?ab;a Le
In colusna ?, ¥ und L sare given the econposition of the sterting nistures
in go/1., in column % ere listed the apges st whiﬁ$ the mithr«u were
filterad, oolusn € gives the (H” somcentretion obtained by titrsting the
filtrote. In volusns 7, 8 snd 9 are reported, rctptét!vuly. the go/ls of
Cally Alylg and 505 in the syueous phese. Column 10 gives the computed

molar eemposition of the solid phuses.
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29.

In view of the fuét that s mesber of a solid solution series
had to be considered as a thirﬁvaolié phase, which has & wvarisble index,
and further is submieroscopie in size, other mixtures in addition te
those conteining Cu{CH},, trimulfete, snd momosulfate wsre prepasred.

Yt was hoped that the precipitete Cree of the trisulfate would yield sn
SGy/41g0s ratio whioh would serve ss s supplement to the usager imforume
tion obtained by zioroscople cbeservations on the momocsulfate. Although
this wes realizoﬁ'ia part, bydrous Al,Cy in wery smell smountas eppearsd
as & third eolid phase. ?h. asount of this phase vﬁn hirtly obaarved
microsooploally, but wes indiosted during snalysis by a faint tarbidity
izported to the solutlion when the precipitete was dissolved in dilute
BCl (1:2C). The moncsulfete wus nai prosent as a stsble vhase in the
roported sirturps whioh comteined less than C.15 equiv. of CH"/1.

Hydrous Algly, trﬁaﬁlratt. snd Ca{CH), were found in mixtures contuinimg
CeCS and Col? equive of OH /1. The hydrous Alsly wes mot found im mixe
turss whem the CN™ ooncentration was lower than C.05 equiv./l.; however,
the analyticsl results geve o lower 5Cy/AlgC; moler ratio indlosting the
possikility that this phese or some other phase was present. The 3lg(y *
Rgl hed & warieble index, being, penerully, batwean‘l.sﬁ snd 1.%5. Jonos
{13} reported a zesn index of 1,575 for Alglyg X Fal precipitated in the
presanoe of sulfato.

The stable trioaleium aluminate, Cal.Ala04+6H,0, was not found
in sny of the presipitates.

The menbers of the solid solution series are referred to as
*‘sonosuliate” for leck of a better nems. Aithough the imdices of thie
produet uéuld not be determined with eny degres of ecertainty, the msen
index wasg aatimﬁt@d 50 be sbout 1.92 to 1.54. The monosulfste appesred

a8 & setnsteble protuot »ith ruspeot to the trisullste im & nusber of
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pompound 3°ale AlglyeCaliC . 1210 had formed. Liowever, et 4 rwels, the
refrective index had inoressed to sbout 1.%9%, and & few orystals of the
trisuliate =wre present. LDuring the nmext L weeks the mmount of the tri-
gulfute, estizmnted mieyosacninrnlly et 1 to § :eroeut, d4id oot inersese
in amount. . nslysis of Lhe jrecipltaie pave un aﬁ,/ﬁla;, zolar ralio
of 1.1 Tongideripg the suell nmount of trisulfete pressnd, this ratle
deervased Lo about 9, may be comtiiered to arproxizate the 0y /11,04
rutio of the monosulfste ;rerent in the [reeli ftete. “hRis indicente:r
thet imereesing the {(, In the & uecus pheee Ipereaces the relulive
smount present in the erystsl luttice. Thus, at en (%7 ecnoentrution of
Co% € ulve/l. prectpitetes 1L, 21, snd 19 revresent o serle: of monoe-
salfstes showing 5f3f£1g£§ retios of s resrootlivoly, «%, itlel, 7e%e [eowuse
mixture 1k wis not seeded ovripinully. snd the sulfwte conosntrstion of
the w. uwcus hese sppesrs high, 1t 1g sulsitted omly tentatively ve =
odnt ob Lthe Curve.
7. boundery: Ue(ifly=?1305 x PyC-monozulivte.

T™his is not & boundery im the true senze of the +ord bteoruse
the mencsuliste is u cvmpound of & woriedhle composition. Thue, the
s oot phuser of mixturss 1%, 20 snd 71 are richer in sulifete than the
otherse The smount of 2140y X Tal was szall In sll thece rrepsr=tions.
Eixtures 20 and 71 wero originelly nesrly the sore as 18 ond 1%, resrects
ively, sxoept thet mere "Iy =66 present. 7his 1z refleoted im the
nigher 1 0(g 51,0, molar retio of precipitctes Yoo 13 ard 19 compered to
resputtively, Yoo D0 osnd 21,

wizturss P2, M med Th.

ttteapts to escertein shiftz In the molar ratio of “uliilaigt iy
with time wre rsproscnted by mizxturss ™, 2%, snd "4, the latder of »bhish

contuined no sulfstse Moo 27 and M7 were identicul, cavest thet the



former wag Piltered &fter 19 ainutes =rd the latter ufter slx woeks.
Treciritate 2% end 24 were diseclved in dilute HCI, filtsred imnedinlely
to obtuin a sepuration from the hydrcus Alaly, sand them snslysad.
ireaipltnte 22 vse froe of 4laUy ¥ Hels The rosults indiente thet ths
CaC/hlaly retiec remsing close to hef, but the deeresse Im the [0;/31,04
ratio may indizete e changes in the 6olid phece. The differenve, however,
is alaced within the lisits of experisentel error, wnd pending further
gtudy & conolusion that the (g 31y 4 ratle of the yreoipit: te chanyss

#ith time ecaumnot te mede.

Yo Interpretetion of dote and sppliestion of Tindings to syster
crsentewablor.

Trhe eompesitions of the e uscus 7 ase s5 mals rareent of s,
AlgaCy and 0, negleatirg the “a,0 end %y0, were comiuted and mre
rregented in eslurn 11 of Table 4. The detea for the bound - riez Tail H e
trisulfute=l,iy x o0, snd Ca{(P],~trisulfaste-noncsulf te sre plotted
in fl;ure hoe In this {igure the date are “resented in one ;lure, toe
mole jereent of Uel, Aly04 end &0y sre :rojweted om the bture of the
prisme The v-lue for the CF ecmeentration, as eyulwalonte jwr 1lier
of Weill + Cu{l#}.,, eorrespronding to esch ;oint in spsce wue jrojected
on the ».11 of the ;rism, which ss presented fn fipure L, wes rotsted
throuph 9r° into the horizontal rlune. Ko differentisticn ie made
betvesn the teo honnderies ;resented {n flgure 4, es it iz jrobille that
the extention of the toundsry TelfM ) -trisulisto~nonosuliste »ill te
elose te thet of the Boundary CallV} «il,0, x ¥, 0=trisulrate.

The mtsence of WaleAla0peCFa0 18 rether surgrieing, wnd sines
some of the wiytures, now L 1/2 monthe old, do not skow thie rhese »hen
i, 18 elye resent, thers existe the poseibility thet 10 mey mol upjpear

w8 & phoge in the prezence of Fullt end sulf:te. “herefore, in sij;lylng
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the findings of this gystem Lo the syslem oocment~',{ vonelderction ls
only given to the phesss found in the preciplteles.

“hen eencnt and sater rewot the oxleium swiuainste of the
cement ccxbines, in ebout o4 hours [11), with the svelloble Tui’ 4 wnich {is
Angufficient b ouentity o oonbive wits all the slumine s& a sulfo-
wluminnie. hen the excouy suilete hed disejpesred fram the s uecus
phagse, tre balsnose of the sluminste =1l]l oontinue to renct, and on thre
sssumption that ac other constituent sorbines with it, the ssount: in
solution will frerscse over thise defines by the Louhdsrye usuus
rhages contnining up to Cef equlve (H™/i. will hsve compositions stove
the toundary Ce/CB) etrisulfeto~monorulfote, end the trisulfste, if it
hed Yormasd, will dizeppesr. Ap S0gzepsor mand;ﬁlfa!u will be precipftatod,.
Thu f?afflgﬁa nolar ratio of the lattsr »il1l depend upom the nomrosition
of the s.usous phase. On the basle of this study the smount ol hydrous

slumine ocexisting with the ILl;~poor monosulfsate »1ll be sacll.
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Ve CUMBAPY

l. The compound MWaleila(ge10n 0 4e1%Ua0 forms w8 v netestatle
pheze in comtuot with solutfoms of varying Zaili), comrentreiivme, end
in contasot w1ith golutiong nearl; seturaied wilh respect to Oa. 0., and
Tailge™fig’e In the shnence of excers suliute it persists for =ecks us
a compound of w varistls composition before converting Yo the stalle
trisulfsrge 3 preeipitetion nuclell of the frisuliste wre present, the
monosulf=te will not lorme

"e . g0lld enlullion ssries is fermod tetween ITRC. ALyl ola{iF .
17750 nnd el lgUgeMa Uy 17Ha! in the Nrecenco of Fallie The amount
of sulfute in Lhe orysial le tice cvevreacws with incremsing (57 conoentrue
tiorn in the s ueous phave from shieh the produst is preaipitsted.

7. The boundury: Ce{lH)g=trisulfste=-lgiy X ful wuis partinlly
definud, snd tho toundary: Ca{il)p-trisulfatoesonosulfnte {.l1g/ 1,04 1)

p - S o -~
wns defined betszen 01 comventrstion of Te1% to 0% e uiv./l.
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AR TEACY

The sulfonluminstes of oslefum, CeCsilyCye?CaSTqe H,C and
Wale AlyCy. Cablq. 10140, named, respectiwely, btrimli‘&m‘ and monosulfete,
are puuerslly ksliswved to be formed in hydrating cements. The sulfate
bearing compounds sre of inters:t to theories of early setiing of coment
psstes, and slsc are lelioved to be the cuuse of the disintegrstion
of cenerete in sulfate besring water.

An investigaticn comverned with the metastability of the
monosullete, snd the effeet of Halll on the egsilibrie of these double
sslts was carried out. A produot sisulating the monosulfute wes formed
and was found to peraist for seversl weeks as presumsbly = mﬁtasiuﬁlc
rhase in contsot with sclutions poor im sulfate. Im & solutiom, nesriy
satursted sith respect to Ceff, snd CalCH),, the -Wuifﬁo fomad &8
s metaztable phase which econverted rether slowly to the trisulfate.

The monosulfsie does not fomm if precipitation nucleii of the trisulfete
are present. The shemicel composition of the wmonosulfate is warfasble,
the compound being probebly a member of &« solid solution series.

In the presence of Nall & solid azolution series, with Ll
Al,05+ CO{CH ) ge 17740 and o0 AlgOyeCailee1254C a8 ond members, wus found.
The smount of G0 im the orystal lsttice deersssss with imoremsing
smounts of CH™ im the eenteot sclution. The bounderies, Cal{(H)g=31ly0, X
HaO-trisulfate, end C¢{aﬁ),vtrisulfnte«éaanbarc ai solid solution series)
were located, im purt, im the flme-oompunent syntem Caleilyly=i0g-NHeyCw
a0 at 25° €. applicstion of the findings of this system to tho systen
cement ~wuter, indiocstes that mexbers of the sbove solid sclution seriss

are tﬁa‘sglragu‘htarigﬁ“gdipohndﬁr1: hydrating esments.
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