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I# . tXTt& wcntm

fkm aluain* hearing m&p&m&s 1b Portland oesente ar® generally  

feoilevod to  reeo t eader a v a rie ty  of oonditioas *ltl» o^nootis solutions 

©f e o ifa te s  to  ferst the su lfosltw instos ©f ealoiusa. To© of thee© doehlo 

• a l t s  having the eaBpoeltteas*

%*&* 0 * 6 * *  f i t #

SB#

9C«D# 41*%. 0sl®4 . m *C  

hsvs boon ©omaiderod t© bo th* yrodoots formed in  hydrating Portland 

esnsnts* Th® double s a l t  oostslatn j; the *<g*toBisnso of th ree  Belas of 

C«$©4, sad tasmi variously  as %e»oiit heel H ue, * *M # form* '* gttotiig tt** 

and tr ls« lfs it«  «a* discovered by Caadlot (I)* The s*«ot C«0tiU3t%iC»SC4 

s» la r  r a t io  wm l a te r  estab lished  by H iohaslls ($}, Klein and P h illip s  

0>* and atany others* Tho so los of hydrate water are variously  given 

os $1 to  ff» harsh* Jfcahton sod legpe C|) prepared, and determined the 

eoatfosltien, and ©rys t  *1legreyhl© yroyerties of the double s a l t  ©outslu­

ing the  equivalence of 1 so lo  o f CaSC4* th i s  double s a l t  is  known as 

the  *low fora* o r  issoosolfoto* to to r  liylin* (5)> Fersen |6 )  observed 

th# sob# :««po*11 i  oa and e iy s ta lle g re iM e  p ro p erties , hot fo re i  (?) was 

tm&bi© to  obtain  the o s ie r  ooapsettles* re^ttisosb-'-fler thsv n«nos*lfate* .4 

d if f ic u lty  inherent in  the preparation o f th is  yrodttet has been i t s  

n e ta steb le  nature* Thus* Bylin* (5) was enable to  prepare the eenpound 

f re e  aapeou® so lu tions of 4% (8®4 }s and £•{©!?}„» however* no d I f f  le n ity  

was experieiMMkl I f  th« 4l4C%*S% so la r  r a t io  was aalntniifted s i  un ity  In 

the  s te r l in g  mixture* donee (8) and Person (&) observed th a t a high 

lis ts  m vm m trm ttm  was e sse n tia l fo r the formation of the ne&esulfete*
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Tho ouXfeolonlnmtos o re  o f  in terest w ith  rogsrds t o  thoories 

o f  tb* os rXy rofeoiioa# of so ttin g  *f ooownit p*stoo9 *»d fron ih* fct&nd- 

> o ia t o f tbo dioistogrm tioa of eonoroto la  eulfmto booting w&tor* Also 

o oencldoratlon of tfco abew* findings o f ths d ifforont law sstigotors  

suggoets that tho aoaosttXfoto assy bo foraod s* * aotmstobXo p ro d u ct  

wfcioh asy y o rsir t as soeh f o r 'indofintto porlod* of tins* f ia o l ly  

fcovowor* oonwofttag to  tho tr tsu lfa to . It i t  litteror<tlog to aoto in 

th is  moimoot ten that.various »jpoetfio*ti©»* U n it  tho 0CS in  oononts 

to  shovo ? .0  pordont* Tfci* l t a ita t ie a  i@ pf*nitootod on obsorvstions 

b y Sotos (16). and e t h e r s ,  t h a t  larger additions o f  tho su lfa tes  of 

eoXciiitft cause undue espaasicns in bydr stin g  eeiaenfcs* Tho cause of th is ,  

although bellow ed,(X7) to  bo duo to tho formation of presumably tho 

tr i* a lf» t« , nay equally ms woXI bo duo to tho early  formation (about 7h 

hours (11)5 o f tho non©sulfate with a la ter  eenwerete* o f th is  pbaoo to  

tho tr iiu lfa t® . This ©onwarsiea i s  th eo retica lly  aooonyeniod by s  

p osit I wo w l w  ehaage* Frost th is  standpoint tho fem stio a  of tho 

a ^ io s u if a t ®  w ith  & la ter  &hm&* to  tho tr lsu lfa t#  in  hydrating cements 

ismy resu lt in  undesirable woluao eha&f.ee*

In order to  undorotund more fu lly  tho tohmwlor o f these double 

omits ms probobX« n e ta s tab le  end stobXo froduots in hy4r»ti»|, ooaonts, 

o n . investiga tion  concerned with th o ir  fe m ot ion and tb s of foots of SToCH 

o n - th e ir  e q u ilib r ia  woo carried  out ot tho Hatto n a l Bureau of Stoadardt*
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fee

In the® *, th e  BtClg was slow ly dariny  f r e e ly i tu t to n *  Vetera.; oat i .qs

k end 5 were id e n t ic a l  to  $*» I ,  V and 3, excep t tfe»t it© h e s o l u l l o n  

was added *.« ra p id ly  a* p o s s ib le . The r e s u l t s  f o r  th e  l e t t e r  d&ts-ruina­

t io n s ,  a lthough  s l i g h t ly  M yh, T p a r ts  per K<T, ware considered  s a t  I f  

f t t t 0ry» and accordingly the heCljj ®ol«tion » ©d rapidly in ®al»e<*uer»t

d s t * us l a s t  I etja • Ho d i f f i c u l t y  wo* ex p ert eneed during. f i l t r a t i o n *

A o- y. pr^de e f  A l$(sc*)t • IdK^C, © ontainlry C*i p e rcen t f re e  

HgfiG* eooerd lag  to  th e  ntmufmotorer** was d ti» o lv ed  In d i s t i l l e d

water* twp&r&Le a l iq u o ts  o f the  s o lu t io n  analysed , .re sp ec tiv e ly ,

for A1*C8 fend &&$• The result® in  feeloe SCs per »®le 1̂.304 are as follow® 5 

.D eterm ination tto* 1 ? 1 4

S0,/A iaoa *.0C1 3*005 2*970 ?*95<-:

Tho Al.aCs was de term inab le  on d u p lic a te  aliquot®  to  1 p a rt j:«r I f  CO*

In dote ruination* 1 end 9 the E«Cla so lo t  lea was added slow ly, m d In 

9 &nd kt rap id ly  to the f'l^(h€4 )$ solution* result® fro» deterrtnations  

1 and 9 were 00a*I4®red to ho o lesor to tho true value, and are used In 

a ll  computations t« l» £ , resp ectively , ii*1^6 £• Al*C?a and 9*&CC | ;. v«Cs 

per lifer *

Fetassiua elim inate was prepared by *lowly adding pure mtm.lll® 

eleelisu* in esrees® to  a 1C percent aqueous solution, of tiV- which bed Veen 

freed of ’'V'Tg* The aysten v^g cooled sad protected ay el net CCa o f the 

»ir# The solution' of ter * lea • was f i l t e r e d , d iluted with d is t i l le d  

water, end stab-ill sea with * s lig h t  etoeg® o f  V'CB* Analyst® in tr ip lic a te  

of lc*CC il l .  e l l  piois showed, r*#}eetively ff C*fdl|C-, 0*Cd39# C*f.44'-- £*

codiusi a lue inate  «os prepared by the above s&rtsued, the so lu tion  

shoaln^, om duplicate s^epies, t*lc53 and C*IC55 £* Al3Cs per K*CC si*  

aliquot*



a s a t u r a t e d  s o l u t i o n  o f  ©* p* ISftOH m * p la e o d  l a  ft 0 e r o s in  

l i n e d  f l e s h ,  end a t  th o  oad  o f  10 day# was d e o * » to d  th ro u g h  e 0 5 done 

g l a s s  o r a e ih le *  Its p e r e e p t i b l e  l o s t  i s  w e ig h t !* t  ih S  g l a s s  © r u s lb le  

o c c u r r e d .  A n a ly s is  o f  v a r io u s  l o t s  o f  s o lu t i o n s  f o r  s i l i c a  showed €*10 

t o  0 .1 k  p e r c e n t  SIC# o f  th o  a n h y d ro u s  p r o d u c t .  Tho a .uecu©  s o l u t i o n ,  

d i l u t e d  t o  7*$  II w i th  €t>3~ fro o  m t o r ,  m o  s to r e d  in  « e e re s lx i  l i n e d  f l a s k .

S. Expor Inositol*

f ix tu re s  to  y ield  tho expeeted. so lid  phases were proposed by 

c a re fu lly  o ilquoting  tho aqueous solutions* o r weighing tho so lid s , In 

dost rod proportions* CGg«frso mfeor m e used fo r d ilu tio n  purposes*

In o i l  preparations the aqueous so lu tion  of nluntna was introduced os 

tho lo s t  cooponont, tho f in a l  volume of tho eixture# being 1000 ail. Tho 

proporation* in  well-stoppered pyrex flooks wore stored in  sat *i r-hath 

thensosta t maintained a t 7$ +, *1° C* To f a c i l i t a te  tho attainm ent of 

OiUilihrlun* tho aix tore*  m ro  frequently  shaken {generally one* ft day)*

Tho course of reset Ion m s  followed by niorosoople examination 

o f  sn a il portions of the so lid  phases, which sere withdrawn fros the 

fla sk s  from  t in e  to  time* Those prootpttate* were separated frost tho 

aqueous phase by f i l t r a t io n  through « G % done g lass  oruelb le, then 

washed successively  with alochol and other* and f in a lly  dried oxer 

anhydrous C*Clt  for about IS hours. Tho erystellogreph ie properties 

best tu ited  for the 1d en tif1eation o f  the so lid  phases m ro the Indians 

o f refraction  md the eh«rester o f elongation. Since ether phases In 

addition to  the sulfoaluasirates had to bo oo&sldered, th e ir  © ryste I lop rephi e 

properties, as compiled by Slylius {$ ), and others ad designated in tho 

follow ing table , are presented at th is  time.
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£fefer«oter o f F.lo«&s»tio©

T r ls u l f a te

Monosuifate

4,0-a t .  A Xfj'- 3 • 1 ̂ 4j|!

<4>*« 1.463* 1.459

l.5o4* £ • 1.4&5

£« 1*5*9

(4)* 1. 598* £* 1*503

Begatiso

Positive

l o s i t ! v ®

o a ltiv e

X . 606 (1softrop'io) 

1.1,7-1*49 Cisotrople)

1*5^5 {ieotropio)

^  * 1.574 6*  1.545

Aa i n t e r e s t i n g  o b iW K t io B  w ith  regard  t o  t h e  s u l f o a lu o i f ia io *  

was the c ry s ta l lis a t io n  o f  th o  monosu lfa te  00 the wall* o f  the f l a s k ,  

whereas the t r t s u l f a te  showed n o  teudoney t©  adhere t o  the g ig # ® , 

wtnee a 5d<mtltatl«e tran s fe r  o f  tho t-r lsu lfm i©  was pooslfclo under &ueh 

elrewiistaxt&os* advantage was to k en  o f  th is  fo r id eaU fio n tlaa  purpose* 

as discussed la te r .

th e  n ir tu r o s  were f i l t e r e d  a f t e r  4 to  It? weeks* excep t in  at 

few in s tan ce*  as noted  in  tho t e x t .  Because tho a tta in m en t ©f e*ul* 

llk riups i s  o f te n  very  slow , th e  ages a t  which th o  e a r l  ©us R’lx tu r e s  were 

f i l t e r e d  a r e  rep o rted  in  tho  ta b le s  along w ith  o th e r  p e r tin e n t d a ta .

k  f i l t e r i n g  a p p a ra tu s , t o  prov ide p ro te c tio n  age* In s t  the  rx* 

o f  th e  atoosphere and t© f a e i i i t a t e  th e  t r a n s f e r  o f  th e  p re c ip i ta te  

fro®  t h e  r - a c tio n  fl& sk  t o  tho  g la ss  c ru c ib le*  was s e t  u p  m  shown i n  

f ig u re  X* The su p ern a tan t s o lu t io n , when s w ir le d  fcy im parting, a  s l ig h t  

ro ta ry  motion ( in  th e  h c r l io n te i  p i arse) to  th e  f la sk *  served  m  th e  wash 

l iq u id .  The eonaoo tlun  to  th e  waouua pm p  was provided w ith a pet*»©oek 

so th a t  the  s u c t io n  f la s k  a f t e r  p a r t i a l  evasuatloB  cou ld  X© closed* th u s  

p re v e n tin g  s e r io u s  ev ap o ra tio n * ! lo s se s  in  th e  nuaereus in s ta n ce s  whoa



Ascarite

■ 0.5 in. Glass Tube
Ascarite

Ring dam p

F iiter - Jena G/ass 
Rubber Band
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Fig.i. Filtration Apparatus.
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f i l t r a t i o n  w«# s lo w , fit® ®*xiiRsni tie®  to  f i l t e r  on® 11 t o r  o f  tho f ix tu r e  

was «ix  hour®. Aft#? f l i t  ra tio n  sr## t © opiated, th*  } -r«# ip lt« t#  was 

tho rough ly  w*th#d fo u r t t» # s  -*lth « l* o h c l# th en  fo u r to  rTx t in e s  w ith 

e th y l eih*?r, *»©<4 f in a l  iy  d ried  over *8hyfrott9 to  © eastan t w eight.

Gin©* t t #  ? h # e r* tia e l ##«*, esso^lng  one s o lid  pltftse, oould to  eonputed 

fro »  th# fc&ounts o f Al^Cg to  r##©t, th® observed ame# o f th #  p m o lp lta t#  

was tt9*4 fo r  id e n t i f i c a t io n  purposes In  * n u sb tr  o f  lB&tanoes when th #  

c r y s ta ls  •*#*# stxtHolorosoopIo in  sis® .

Th# * tu«Ott* |'h#«* *** # li-iuet«o  «# follow # fo r ofcc&ioal an a ly sis*  

.$CC #1. fo r  th#  f i l t r a t e  o f  which ( a f te r  th #  Al#c* d e te ro in e tlo m )

tr*» u sed , to  t o l l y  o r  in  p a r t ,  fo r  CaGs sad ?5t-! * !•  o r  lea#  f o r  GC*. The 

•© lo tio n s , a f t e r  a c i i i f i x a t i o n ,  were evaporated  domi to ,1 C t »1. in  prey#** 

r * ‘ ion  fo r  the  a a e ly s is .  fh# fii* concen tr» i ton wee determ ined in n e d la te ly  

a f t e r  f i l t r a t i o n .
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large amonats o f a lk a li  hydroxides a f te r  the  gypsum had heei* mere o r 

leee completely romowed (11) as the aalfoaltsmtnai*.

Kxaninaticfts ©f these solid  phases e t werioffts time* a f te r  

separation showed th a t the momosulfata feme© Is  e l l  m ixtures, end 

p e rs is ted  a* sueh la  Al to  k$ fo r about 4 week# he fere  ©oarersIon to  

the  t r ls u lf a t*  had started* the p ree ip ita te  Is  &5 showed so indieatiom 

of oorsv- rfclon even ©t i  weeks* whereas, the  mo&esalfat* in  Afe and AT 

began eeowertixig to th e  t r !  su lfa te  m& mcmosulfat© of neon Index of 

l*5l~l*5S> ©t« respeetlwsly* £ weeks end T days* th e  e o f t tsn im  in  A? 

tree .completed In  about e day, hut In A6 the  r a te  of ©omwerslsm o f the 

moneemIfsfce was eery slow.

the computed compositions of the so lid  phases re f le c t  the 

presence o f tea  phases* the estim ated amount* of whloh ere given in  

ooluea 1C* The fe e t  th a t  no second so lid  phase appeared in  mixture *5 

m i  the seen Index of the so lid  phase present In th is  mixture m i  o ther 

mixture* o f se r ie s  A was l«5l«l*$P* somewhat higher th m  th a t  o f the 

monosulfate, necessita ted  a carefu l ekm k  o f the  resu lts*  D irest 

analyst* of th* p rec ip ita te  game the composition* 1*10 CaC-*l*CO *l9C$t 

0*8? $C$tll«5 %C* which is  in good agreement with the computed results*  

fa  an attempt to  aooou&t fo r the frae tio a a l molar ratio* a dupltsate  

mixture was prepared* hat f i l te re d  5 minute# a f te r  preparation* f lro o t 

analysis of th is  so lid  phase gar® the following composition: 1*90 CeO* 

1*0€ t$5-SOga 11*8 Et C which agrees* w ithin lim it of e r ro r , with

the who we* Th* menosolfate (4) was prepared simultaneously with the 

l e t t e r  p re p e rttia a , showing the eorreot molar ra t io  (%*$& C*0tl*rc Ala€8 

0*99 SC*), and also hawing the  refractIw e indlees reported In l i te ra tu re  

Apparently the pro duet formed in se rie s  A i s  not the noaosnlfete* since



I?4"

• to i l* *  in tho wolwr r e t io i  wore ofc#*rv#4 labor, proof-

*5 wlH fc© eon# if#  rod set that tl»«*

Th* *»##lt# of tbt® M Fici #fe#w th a t m $roda«t o f  ® s lig h tly

d ifferen t composition than th# »«no#ttlf«t# i t  f®mm4 m& p e r s is ts , a# 

pirMiMithXf « ««t#st*1>l# pfe#s#t fo r rs ls tlw s ly  long. period# of bin#*

Th# Al^C* fow d  in  so lution  »#y b# ®«a#ld#r®ii .*# approximating 

tho so lu b ility  o f th# now product* whloh It referred to  to th# ®vm~ 

•a lfs to *  fh# $* o f AlgCy/l* or# p lo tted  ng«laot oorvosjpoadlag amounts 

o f €o0 i& $*A* la  ftgor# t .  th# s o lu b il i t ie s  o f th® solfooluolnwt##

or# oonp«rod im th# fo i lowing section*

Mixtures o f  sorio# 8 w#r# fwrpar#*! for th# purpos# o f dot® m ining  

tho so lu b ility  of tho tr lsn lfh t®  la  contest with solution# containing  

C»?C g* S09 os CaSO# #ad Oo#r®a#ln$ amounts of C»(Ci!)s * Tfe# t iisn lfo t®  

w*s tho only so lid  phot® found alovooooyloolly*

All f t I t  rot## «#r# «B#lyt«4 o»rofo lly  for Al*C*» #enpl«t#

«»alf#t# being »#d# o f f ilt r a te #  B2* 8? #»d 18* C#»p»t*tte*s of th# 

composition o f pr#eipit«.to hi showed that *n #x##ss o f  C#0 «*## removed 

fro# solution* Also f t  woo ©bt#rv#d that th® mm» of preelp list##

61 to  I t  was stout 1 to  t  percent higher than th# theoretical*  Th# 

pro##®®# of ® second so lid  ph*## wo# ind icated , sad aim ly s is  o f  preeip f-  

tot## W  end i t .  which showed so lar  ratio# of* respectively* $*$Q C#C;1 

1*11© &1$&3 ̂  #**SC sad *J«$© Co© $ 1 * CO 41^0  ̂f 7  ̂ SO#* suggested <SiÔ  

fro* the pyr#x gl*#o a# a eoateainttnt* This constituent daring e n sly s is  

would b# ooaated la rg ely  ## Al«$s whloh I# th® reforests® eoaponant la  

th# «oapat#tioa of th® *©l»r ratio#* In order to  osoortsla  th® #*-t#»t 

of th is  ooB%#»ln«st end It#  «#nn«r o f eonfeiimiloB, precip itate# ®1, i?* 

m 4 C5 (the letter*  *ltbo*gb diroussod la te r , was lneisd#d beeattse i t s
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nass *r»* about 4 pwrsent h ig h e r than  th e  tfceo rstlee l) were earefuX ly  

an a ly sed . ipjireeleble enowst* e f  £10® were found in  Ml end C5, hu t th e  

» o litr  cosipoelticm of th e se  j» reeip ltetes we* s t i l l  n o t servant as an, 

ex ea ts  of CaO was p re se n t. I t  wax assumed th a t  TCaf.3 1C8 . 4n*C (11) 

p re e lp it& te d  as  an Independent phase, end th e  s ta le r  o o ttp o e ltlo a  o f th e  

t r i s u l f a t e  was eoapeted frow th e  a n a ly t ie a l  r e s u l t s  sorreeted fo r  th e  

amount o f  C«0 and K^G re q u ired  f o r  th e  assuned compound* .The re s u lts *  

r # * f « e t i? e ly y in  pe reea tag ea  end m olar a re  as follow s*

Fereentage Molar Composition

El 17 05 11 17 05

SIC* . c .ia 0.10 0 .7 t ea • m

A # * • .>*,?! 7.71 1.00 l.CC l.CC-

CaC £?.€*> 5.»4 5.75 4.01

sct l t a o if .4 4 I f .  11 7 .f6 1.07 1.0?

%c* k k .n 4$. *4 44.45 in . 7 11.7 n . i

taken by difference*

The eenpniied ecttspoeltf ©»»« os the a#*«*»pt3ei* th a t  7CsC».£iC8*4l!8C is  

formed* are within reasonable H a lt s .  I t  Is in terestin g  to  note th at  

CaC*AlttC8 -S 10a eof&hlnatisns ( l l )  are preeluded beeause the withdrawal 

o f  Al*C9 * &iCg fros* the reported waounte e f  H a€ s weald badly d isto r t  

th e jsoiar ratio, fo r  the t  r ise  I f  a te . I t appears* therefore* that the 

t r ia i l f s t c  i s  stab le  against solution* containing 1108 In equilibrium  

with ?CaC.£lC8.KgC. This i s  refleeted  by the wary low s o lu b ility  of 

the tr ia u lfa te .

The f o ia U U ty  o f th is  eoapeund, as grans ^ l8Cv per lite r *  are 

p lotted  against eo rre iponding aaounts of to ta l CaC In g*A . in figure 1 . 

Although the so lu tions contained t-*?C g. of so* as CsSC8 per liter *  the 

eosmon Ion does not hare a detestab le o ffs e t  on a lter in g  the so lu b ility *



H .

m  th# ?v#e«nt w rite r  (jMfc) had observed previously th a t  In th# •fcsone# 

of ex®®ss m a In so lu tion , ?CC al* «di%uei# of 11*# solution. In contact 

f i t !  th# t r l w l f i t t ,  analysed for  O.fCff g. 41#% ovsr m rang/* o f  C#(tK)$ 

#Mi#«ntr*tlsfe ©stnfcdUig from f-h  to  0 .9  g. C«oA* Lsroh, Ashton sad

2#xn# Cl) reported "feo®«* fo r  '11$% o rig in a tin g  fro# th# t t i« a lf* t#  

pl*##d In #sto.rmi#d f*(0R)t  so lu tion i end Forson Cil> reported value# of  

O.COCSf C*C0©0 «nd O.OCOC t* 41$%A* fo r th# so lu b ili ty  o f th |«  •' ett»|wwid 

in  a sa tu ra ted  Ca(0&)#«CaSQ# solution* 4# can b# ###» from gigur# ? 

and ?#bi# 1, th# t r lc o lf a t#  Is  highly ihablubi# in  •©lotions of varying ; 

€*(C8}# mmmwtwmtlmB*

tbm so lu b lli t t# #  of th# %wo fculfoslmslnai*# ar# given in  fignr#

?• I t  1« ##«B th a t  tb«e« two double sa lt#  approach the s«&# so lu b ili ty  

in  so lu tions nearly  #*tur»t#d (1*1 g. Cat:/,I . )  with r##pe#t to  €%{CH)$. 

Although th# values fo r  th# *Wno#olf&t#* r#yr###ni only an > pproxlaatioa 

of th# so lu b ili ty  of th is  ovmpomd hm am a  o f  th# pr###»e# of th® t r i -  

•ulf*t#» tho trend *#v#vtfc#l#»*t tadi##t#s th a t th# solo*

M ll t io s  of th# t«# fonts # t th# higher C«0 #«»MM(fit ration# or# of th#

»«*• order. This any eecount In part for th# slow eonosrslsn o f th# 

asttM nlfst#  to  th# t r ls u lfe t# .

Mtntnr## o f  «#rt#s C ##r# yr#g>*r#d so that th# CoO ooao#tttration* 

#s C # C 0 H )$ *  would ho *»nr ssturotloh  a fter  rseotlon . Th® C # S %  #©»** 

•ontrotion  was prog*##sir#ly in©reused up to m##r saturation . i###ns# 

th# solution# omtoltti&g th# high $0# em & m t rat ions spproxinet#, in  

compos ition* th# •>*«##«• phee# o f hydrating ©«#«ni pusi##* th# produets 

foro#d l»  th is  region am o f i s t s r t s t i a  theories of early  so ttin g .

Thus* Poller C I S )  elelsted that 4C#C*4l$%.11I$© ### fe  rated «h«n early  

so ttin g  of oonont fast®# wo# suooossfu lly  retarded. for### (11) believed  

that th# formation of th# nono#ulf*ts #o##«nt*d for retardation o f early



s e tt in g *  ?h© c r y s ta l s  foraed in  solution©  s e a t  aim la g  tte# h ig h e r lim e 

*ad gypsum ©onee n tretIone mm ex trem ely  eaell*

The mixture# la  »er|e*  C war® f ilte r e d  « t 7 *##k# e f te r  prepa­

ration la  order to  permit th# eryetel*  to  6«t«k p  la  alto* the me#«e« 

o f  the p recip itate#  exceeded hy ? to  t  percent the th eoretica l am®#, 

end tfci* Is ascribed to  th# fem rnttm  o f  a dteelolms s i l i c a t e  as a 

•eoond so lid  phase. Bit® le t te r  phase Is known to  e x is t  la  subslorescogio 

cry sta ls  or m  m  amorphous »*#», md th is  may aeeeuat for the fa ilu re  

to  find i t  la  the f in e ly  cr y s ta llin e  mess of the t r l s a l fate*

The f i l t r a t e s  were analysed only fo r Al^Og. The amount# of 

CaO and S08 Is  the a$aeeas phases were eenputed end ere Inserted la  

Tehle 1 for purpose# o f d lteutaion .

%  to  e ee&seiitratlon o f 0. kS f* CaO per l i t e r  the t r i s u l f a te  

precip itated  immediately f r o m  m l u t l & m  es apherulite# of need les. I t  

tree noU-ci, not only la  th is  series*  hut in e l l  p recip itates exanined* 

that the tr is u lfa te  originating as « conversion produot wa# alway# 

present es Individual needles r e la t iv e ly  attach th icker then those o f the 

sph em lltes*  except m  noted helot?.

The so lid  phase appearing e t  f ir s t  in tho mixtures ("5* C€ m<$

Cf we# very  fin #  groined* m d  i t #  n#«n Index eeiaslded with th e  neon 

index  o f th e  a o n o e u lfe te . A fte r  « few day# th e  p r e c ip i ta te  fcegaa to  

co n v ert to  « g e l - l ik e  phase hoeing  o h lu is h  t in g e  end goneroily appearing  

l i k e  hydrous & lunlne. Attempt# to  f i l t e r  o f f  o p o r tio n  f o r  o lo roeoop io  

exam ination resu lted  in  e  p a r t ia l  passage ©f the s o l id  phase th rough 

e  01 Jen a  g lo ss  f i l t e r ,  ttlereseople aaalyeae were l& coneluslve «# to  

whether t h i s  new pteo#e wo® th o  t r l s u lf e W u  Sines t h i s  occurred  l a  mix­

tu r e s  wh©## aqueous phase slsntlate* th o se  o f  m m m t pastes* « n eater of



add itional mixtures were prepared to  « l w m  th® change* m r ® olesely*

to  I  l i t e r  lo ts  o f seltthleas saturated  with respect. to  Cm{Cf 

and CaS©* t o r t  eddied 0*0$40 g* AXf09 a* XjfclCg, and th# mixture* trea ted  

a# fo llo w ® »

 ______ Solid the®#*

I* f il t e r e d  immediately

0* Seeded w ith  o mg. o f t r l s u l f e t e  CC5)
ersd f ilte r e d  immediately

*• so lu tion  added simultaneously
with **o*dtag* solution o f t r i  su lfa te
C tr lsu lfa te  prepared ae la  C5)

4* F ilte red  at 4 week® (aot seeded}

5* P® &• IgSO4 added (mot seeded}* end 
f i l t e r e d  « *  1  week

la . experim ent 1 th e  m tx ta m  f i l t e r e d  r e a d i ly ,  5 m inutes being  

req u ired  to  f i l t e r  I  l i t e r ;  th e  f i l t r a t e  was d e a r  and analysed  C*f:CCd 

g* A lgC ^/l. th e  s o l id  phase was id e n t i f i e d  a s  th e  n e n o s iilfe te , micro** 

s e o p ie d ly ,  ch em ica lly  (1$*1£.SO* to  th e o r e t ic a l  o f l?«9j£)» and by ease 

o f th e  p re c ip i ta te *  . l a  experim ent ? ,t« e  eg* o f d r ie d  t r i s e l f a t *  war# 

d isp ersed  throughout ■ th e  so lu tio n  and th e  Al^Og was added rapidly* The 

p r e c ip ita te  had a b lu is h  t in g e ,  re q u ire d  5 h e a rs  f o r  f i l t r a t i o n ,  p a ss in g  

p a r t ia l ly  a t  f i r s t  through th e  03 dene g la s s  f i l t e r ,  and a f t e r  washing 

end proper d ry ing  had a m at* in d ic a tin g  a 50*50 m ixture o f th e  two s u ite *  

o lw ln e te s *  I s  experim ent 3 a  suspension  ©f i r l s u l f a t e  o r ig in a t in g  from 

s  m ix ture  Id e n t ic a l  to  t$ , and co n ta in in g  about 3 mg* o f th e  so lid  phase, 

was sim ultaneously  added w ith th e  do m in ate  s o lu t io n ,  the f la s h  w ith  

conten ts being shaken a f t e r  a d d itio n  o f each drop* h i I t  r a t io s  and 

th e  appearance o f  th e  s o l id  phase were th e  »m »  a s  in  ho. 3 , h a t  th e  

p r e c ip ita te  c o n s is te d  e s s e n t ia l ly  o f th e  t r l s u l f e t e  as  In d ic a te d  by th e

V en een lfe te

Ibeot fC**$G mixture 
o f 3  s e lfe e lu n in a te s

Cnly t r l s d  f a te

Only t r i s u l f a t e  

Only t r i s u l f a t e



observed a«s© o f  1*$1 g* to  th© th eo retica l o f 1*0$ g* Exj^ris&ent 4 

was th© »*»© as  to# 1 ©weept th a t  th© mirier#- was f ilte r e d  a t  I weeks* 

indicated by th© s o e l l ia g  ©f th© pr«elplt© t© » about t  week# were 

r e t ir e d  for the ©onwrsiom whfeh started  ©t ebewh ? days* F i l t r a t i o n  

was ©low, to t  th© f i l t r a t e  was ©leer ind icating that th© ©rectal* had 

grown in ©i£© although th© ©olid phew© appeared gelatinous* Th© mast 

of th© product agreed with th© th e o r e t ic a l  for th© t r i e u l f n te *  In 

experiment 5* gr«©s of S^£04 ©or© disso lved  In  © l i t e r  o f saturated 

Ctt(C!I)s '-CaSC4 solution* th© mixture .filtered* and the alumia&t© solution  

added. Ce®versl©» o f  th© monosulfate began I s  ©tout 90 hours* ©ad appeared 

to  to  ©caplet© i s  $ to  k daps «*# indicated by th© etas# o f  th© fls© oulent 

proelp lt* t© «  Th© mixture was f i l t e r e d  ©t ? day#* © s o s i l  portion o f th© 

so lid  ph&s© passing through th© g la ss  f i l t e r *  i s  shown by th© observed . 

sash* eottworsftm o f --tti©.:’flMno©«&î .©t© was ©osfUt©* ■

On th© h s i i  o f  th© show© observations* i t  Is  ©Gaeluded th a t 

th© moaosulfet© is  formed In so lu tions nearly  sa tu rated  with r©speet 

t o  CaS04 and C©(C<8)** Th# pbas#* although  «©taet#bl©» «#y p e r s i s t  as 

such In th© prssaojf* o f ©x#### sulfat©  and th© conversion  i s  r e l a t iv e ly  

slow. Elmo© th© taS04 in  m m m t p a s ta s  i s  oonhinsd In shout hours 

(11) as th© sulfoaluminat©* th© p o ss ib il i ty  ©f th© monosulfat© p e rs is tin g  

In  h a rden ing  ©©a©ixts i s  g rea tly  «&h©ne©d as shorn by th© r e s u l t s  of 

se r ie s  A* Th© hssdim g* of th© aqueous phae© with the trlsu lfftt©  to  

rail©#© supers at u r a t io n  with rasp#©! to  t h i s  compound r e s u l t s  in  th© 

immediate formati«n &f th© s ta b le  phase* To whet e x te n t t h i s  n ig h t  

oeomr in  hydrating cements i s  a m atter fo r  ©onjeetur©, depending on the 

roiatlv© r a t e s .of s o lu tio n  of th© 'partlelpstlm g. c o n s ti tu e n ts*  Thus, in 

m ixtures Cl to  04* a t  lower C©S€# ©onoetjt ra t  ions, th© t r i s n l f o t©  p ree lp i-
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19.

la  serf## 0 m  o f  alaetaa e w r  that repaired for the

fe r a a t lo a  of tli# t r l s u l f a t e  was added* the a e la r  ratio of Al^CgtSQg 

was a*tat*ifto4 at !»?, and th# quantity of Al*&s as lAIOa was progres­

s iv e ly  Inereesed to a tx tw e s  01 to  05 inclusive* The orig in a l Om{<M}t  

concentration w*s near saturation (1*1^4 to  1.086 g . CaCAO* Suf­

f ic ie n t  Ce© m s  present to  ©cabin© with the exeess to  fora m

oaloiua e lu n le a te . Thus, the eoapeosui* £ C a G .k l^ G g I C s C *  . IdBgC, 

and 4C#0» Alg0j|« 11Ea0 . haw been reported C?5 ) ®* n e t**tab le  phases whleh* 

depending on the  com position o f  the so lu tio n , nay p ers is t  a# ssefe for  

various periods of time. The stab le  fora o f th e s e , known os th# isotrop lo  

or leen eirto  or hexehydrabe alu»iaat#, i s  th* oonpeund, bCeC* AlgOf. 6Bg0*

I t  be longs to  th #  cab le  system* where** th #  o th e r#  belong to  th#  hsxegenal 

system# Th# sod p roduct#  expeeted  So t h i s  «#ri«is »# r« , th e re fo re ,  

/leftpeetlvely $C#C# AlgQt . 6H*C sad t r i s e l f s t e #  J» o rd e r  t o  ex p ed ite  th #  

■ io rosoop le  Id o n t l f to a t io e  o f  th #  e lun tsia tes*  m ix ture  01* whl®h had no 

added s a l fa t* , was prepared*

l a  th is  ntxture very  sm all hexagonal c r y s ta l*  w®r# f ir s t  

’ formed, whoa# eeaa refraetlve  Index of 1. 59~1»54 suggested that ACeO* 

AlfOg. l 1Bg0 was th# preduet precipitated* la  % to  4 week# th# s ta b le  

alualmate began to  form* &ad at ? weeks th# e©aw©r#icn to  th is  produet 

was estimated to  be about t®-f0 pereen t #e»pl#t«t* to  pres© rv# a 

portion o f the n e te e te b le  prodoot as m  a id  la  id en tify in g  th# a lu tttnstes  

l a  the other mixtures, th# mixture was f ilte r e d  a t  ? weeks.

Th# t r l  su lfa te  and a  seeend p h a se  l a  s u b e ie r o s e e p le  c r y s t a l s ,  

o f posit le e  efcnraeter o f # Iongat ion and seam in d lx  of 1«5?~1*54» tn d i -  

e a tln g  a o a le iw  s lu s t ln s te *  m m  present in  m ix tu res  fc? to  »5» i» # ln * i# # #  

from  the 'it a# of F ra p fc ra t le u  u ntil- f ilte r e d  a t  17 weeks* Th# high Jtesft 

r e f r e e t i v e  l a d e s  ;; * .-> e lu d e d  th# p r# s# a o #  o f t h e  n e a e s u l f a te *  A n a ly s is



of the f i l t r a t e s  precluded the presence o f n e te s ta fe l# 'eeleiam alenlnat***

Beeecp (?5 ) &»• aheam that th e ir  so lu b ility  i s  in  the order o f tooths  

o f  grans of AlgOg A lt e r  instead o f the fe e  thetisasridtlis' observed he re*

The complete chemical analysis of the f iltr a te *  end the compmted 

occapouGd composition* ere given In Table X* the average SO* ooaeentretion  

of C.OC'î  g*A* iii th is  series* end the ev&reg* concentration o f

0 . OCOT g*A» Is  ser ies  I ,  compute to  e» SCg/Al*0g molar r a t io  of 5*
This value, within lim it o f experimental errors* agree* with the th eoretica l 

of 1 repaired for the con grace t  so lu b ility  o f the trism lfate*  Cm th is  

bast* I t  appears that the t r i  su lfa te  Is  congruently soluble i s  the two 

ser ie s  o f  mixture*. Since the so lid  phase Is  addition to the ir ls u lfa te  

I* n eith er a mete*table alem tcate, nor the memosulfate, nor the expected 

stab le aluaimate, 9CmO* *1*0*•$H*0 * I t  probably 1* another species o f the 

swlfealemimate** This compound i s  e ith e r  ine<mgr mostly so lu b le , or I f  

congruently so lu b le , i t  most hare a low S0 f  / t l 40g molar ratio* Evidence 

g iv ta  la te r  shows that emlfoeliueimetc* other than the aemmealfetm and 

tr is u lfe t#  are formed*

The resu lts  cm the reaction o f so lid  4Ca0*l.XgOs *lSl$C- with Cfti04 

In contact with a sate rated lin e  so l e t !  on i s  o f in ter est from the stand* 

point o f the acmesoXfa te  ms a metaeteble phase* Two grams o f 4Ca0>^X308 * 

1^11̂ 0 were placed in l i t e r  lo t*  of saturated lime solution* mS increasing  

amount* o f f a S O ^ * were added* The preparations and r e s u lts a fter  

i  weeks are  presented in  the- follow ing table*



Preparatory # lx ty re  Peeult#

I*
4£a0-

UI«C

§•
CeS04

KoU«
sc ,/M »c ,

• 0»
in

so la .
C rystalline Phase

1 1 $ . 0 0 . . - . f t 0 .4 ieoe Menesalfa&e

I  * $.0© * * - 1 .0 I*** ■ IM e e a l f e t e

I 3 $ . 0 0 *77 1.4 fraee honeenlfat* * ir isu lf& te

c 4 $.00 1*44 1*0 T w e e «®n#i**ifiste ♦ t r t e e l f a t e

i  5 $.00 1.47 1*5 large T rieu lfa ie  ♦ t * { 0 B ) s

The hexagonal p la te#  e f  the ea le lia i alealnate  hydrates re**lae.d aaefeeaged 

In a is ta re #  1* $, and 1 i t  1 week, eaoept for a lowering o f the refraetlw e 

index i t i l l  wa# a lee  tm e  for the orig in al e e lid  fhaee in  4 5 » hot

I t  these  tee  mixture# .needle# e f  the t  r t f e l f a te  were present* 5c tl»  

e lf  <*«#&# withdrew* fro® the f ir e  * lx taree  shewed.'that e l l  su lfa te  hee 

eeafcined In f e .  1 and $* to t  Inert*#leg amount* were feond la* reep*ettvelyv 

He* I# 4 5*

The mixture# e e r e 'f i l t e r e d  #1 4 week*. the  re sa lt#  of *lore~ 

eeepfte exeeinetlan* on the so lid  phase# m m  su rp rising  Insofar a#

SaCOI)^ «*# absent frots to . I .  $* and 1. Apparently the CelSO* eeleeale  

enter# the 4CaC# ̂ 1^CS*13BSC l e t  t ie # , the eeapeeltlens of preeiplt& tes 

Se* 1 «is# $ respectively* 4*$C«C. Al«0». 6&C, end 4* ICeO* *1*0* • *$S€* •

The -ref ren t lee  Index we#. i.5$*l*5V  -de«ee (135 ehteiaed eyprexieately 

the  #%ee oeapo«md* free  the re net I on e f  $€#©. hl*0* . 8lit 0- with C*($B)a end 

These mmpemmi* w ill he eoaeldered la te r  with other neater# -of 

the  so lid  re la tio n  se rle e .
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C. Solid Solution S erie s * 4CnO.M3Oj1.raaC  -  hCaO. Al*Ot $0t .19®a0.

A nuatfeer o f ©xploratQry mixture© h®vim& sooh ©Mounts ©f M t C% 

u l  SCg to  fo m  1 .9  o f  th© t r ls u l f e t e *  tu t e o ate in in g  various amount® 

of ffaCK* yielded no trisu lfat©  above m ©oaoeniration of C.?5 ©quiv* ©f 

n r  A .  A new phase having © eean refractive index of about 1.5^ was 

formed which analysis showed to ha*© a variable &Og/M*C* molar ratio  

o f le s s  than unity . Sine© so lid  Ce(fP)tt was present* the- to ta l composition 

o f  th# phase ©on Id net he determined.

Ill order to  ascertain  ths oviposit ion o f th is  so lid  phase* end 

to  deteraino what ©ffoot f©OS had on the SCjj/M^Og ra tio , a msmb©r e f  

mixtures were prepaved which yielded th is  preduet In a pur© fom . Th© 

I n it ia l  eoK poeitloa* except for th© faOE* of each mixture ©as €.1054 £• 

4 la0f  as HeMC** 0 .1  im  g. o f  CaSO* as CaSC^.^O* mad £ .3  g. CaO as 

Ca{€ll5n per l i t e r .  Th© mixtures war© shakes for 10-fC elnutes and then 

f i l t e r e d . Although th© anouKts o f Ce'CH)* «©r© in  ©xoess o f those  

required fo r  saturation* see© supersetnrm t1on ©as p erm iss ib le * as Ce{CE)a 

p r e e lp i te te *  eery slow ly (97) frow supersaturated so lu tio n s. Th# eowpo* 

s it io n s  o f the so lid  and. liq u id  lea se s  ate glw«® in fa ll©  9} p r e e lp ite te *  

»©. 3 to  to . S , in c lu siv e , w»r# obtained by the above prosedure* dlnse  

the SCa/A l t Gs molar r a t io  v a rie d  fro® C.6S to  0.99 for th e  ©olid phases, 

whose CeC/AlgC* ratio  was ©lose to  4 * and thus suggesting a so lid  solu­

tio n  s e r ie s , additional so lid  phases **©r© prepared to ©oatplet© th© ser ie s ,  

ftawber 1 Is  th© nonesulf&t© prepared eeeerdlng to  the mat hod o f Leroh* 

Ashton aud Bogs* (4)» Ke. 9 Is  the  Wo. •en tlsw ed  previously. I©* 9 

was obtained by th e  deooupo®i t leu o f 1*9 g* of fresh ly  pr©@ipitat#d t r l -  

aulfai© (€55* in an O.d $ KeOft so lu tion , over * period o f 4 weeks* 

tta fe e r 10 ©«*s prepared fro® a mixture which was the sans© a s .to . 3 to  I© . d» 

©xoept that CaS04*9Ma0 was not added* and the 8©CH eonoentration was . 5  !?•



Table 9. Members ©f so lid  so lution  s e r ie s t ICeO.Al^0s .C a (O B .191^0-
7C*0. tt^ .C tS O * . l ^ f

Molar Coajpositio® of Composition of
Solid rh*ffs Aqueous fhase

F u n  C * G  
f t o .

wWna. i c nMMnmiin m u

A lj jO g » * C

■|»1,<**’WIII>.. *»-*«•* .■ m> ■ftwr-f'Hi'I'Hai • n»*

O H *
© :4u l  v . / i .

C eC  A l« |itj j
g . / l .  & . / X *

III mi M. M Iiaili II.I ill. .Tl III urt »  kW;M

s o «
E T ^ t .

1 7.96 l . o c € . 9? 19.0 1 ,5 0

9 l . f C 1.00 •&5 19.1 € .016 0.963 C .C 049 O .C 176 1.51
1 9*90 l . O C .67 19.0 .179 •  154 •  Civ.*© .0741 1.52

6 9*96 l . c o -65 11*7 .709 a * a .0099 .0710 1.52

5 1*96 i . c t -65 19*4 .766 .147 » c o a c .0166 1.52

6 6 .  C l l . c c •  4* I ' M . 7f 5 .141 •  CC86 .0461 1.55

T 7.96 1.00 .79 l - ' . i .  5t c - .156 .0114 • c -587 1*53
a C l . f M 1.00 - .  (77 .174 •  C 19C .0666 1*53

C is .o ) ® 1 *C 0 . 0 ? - .  7b  o .070 .  0990 . 9C 70 1 - 5*

i f f c .o r * * **
' 1 * ■’.’ € , f ; f 19.  f .577 .111 •  » r 1 . 5*

(a) Ca{OB.U present, 4*0 moles r*C assumed* 
(1) sulfate not *d?ed in  To, i c .
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At 9CC° C# Xgaition at HOC0 C. resulted in % lo ss  o f  SO*#

The efeaaleal eoaposlttotts e f  the so ild  phases end the greduel 

©hang,® in  the refraotlv® Index suggests e s o l id  so lu tion  so r le s , having 

as end »e®b«r® '9C«0»Al*0**Ce&0*#l?!f*0 and h£*&» *1®G* * Itl^O. 1m order to- 

hmvm mere substantia l proof of eueh e sari®#, X~ray dtlff raotion pattern# 

were obtained as precipitate® X# P, 5* &• 7* & end 10* tone d if f ic u lty  

m e experlaneed ,1m obtaining m i l  developed lin es  in the spoolrue pattern# 

An exposure o f b3 hour# wee required end even them the line#  were sen#* 

whet blurred* An objectionable bet It of there minute crysta l#  I© th e ir  

pvonenneed t«nd®m©y to  agglomerate p arrelle i-w ise  stajrimg rondeai d istr ib u ­

tio n  eery d if f ic u lt  to obtain# This may account in  pert for apparently 

email sh ift#  in  the ©ell s isa c  between some o f  the samples# Th® inter*  

p la n a r  spaaing# between 001 p lanes wet® eenputed and a re  p lo t te d  in  

figure f  against oorreefoadlag mole® o f  80* found In the ©olid phase*

I t  I s  seen that th e  s e l l  e ls e  door# a rea  w ith  d ecrees  la g  number o f  

lone l a  the a©l»©ule. Also I t  was obaerwed that spectrum lime# e f  both 

sad m a ters were m iss lag l a  th e  pattern obtained m  the ia te  weedla te  

members# The X-ray ev idence , therefore, in d ie a te s  that a so lid  so lu tio n  

se r ie s  best exp lain* the observed data# The end members fo rm ulated  as 

fo llow s# 5€aC#Al*08«CftS04#lM Q€ and 3CeD*£1*0**C a ( C l ! » Show th a t  

©me CQ4~~ i s  replaced by 7 Cfl" in  th e  nsneseifate  moleeule# The amount 

o f  th is  replacement in® rets • •  a* the CfT ©on®©mira t io n  i s  lnereased Ift 

th e  aqueous phase above 0*^7 I  for the given ©one! 1 tim e#

Th® apparently homogeneous so lid  phenes j u s t  d i s c u s s e d ,  t h o s e  

mentioned previously (AS* h i end hi?), and those reported in litera tu re

ar# eeheaftatloally compiled in Table 3 a# members o f p ossib le  so lid  sola*

tlo n  series# I t  i s  quite probable tfhmt the unidentified  new pfcese found

Is se r ie s  t> belongs la  th is  ash®oatl e 'o u tlin e#
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dsnos (13) .In ottftnyfclmg I t  looato th* boundary yCsUftl^Og* 

&Hg0*trl*ulfots fey shokiAg s e lld  7C©D*AlgCg• 3K9C oltfe m^umem solutions  

of w ir lou» €»S% ftsssontrotians cfesorvod th a t  up to  * ©#rioin I n it ia l  

oenssn tration  o f Cose** tlio tr lf tn lfo to  did not apposr* hut th© C«S04 

wo« rsoorod f t s *  solution* Th# orysto l*  of ^CaC*il4C%*dKt 0 shsood no 

apparent ofcangss oxoopt for a low#ring o f th© ro frao tlss  Imdol;* Th# 

so lid  predtoot fthowod a oonposition of CoCtAl^OgiSOg * 1*f tl*0tO*4* to  

1 *0 « l*C iC *tT *  ty  inoroosiag iti© Ca(eH}9 ' In th© sto rtin g  nl*t«f© s« Jonas 

tH i ln td  so lid  fbss#» l u r i i i  nors ths® th© of I so los of C«C»

#• g*» CaD'»l*C A2gOgtG«&? i% * Th# la t te r  yfcosos opp&rontl y  «r#

»©nh#r« of th# ®fe3s© s o r tos as lo« Ul m& t f  ©htmfnod in th is  study.

(lottos oxfrostod  th# #i#» th a t .thss© phono# mm- prohnhly soshor* of o 

so lid  so lu tion  »«rl#». am u so n  (tS ) prop&rod « pantsooloins &luminal©

©f th# formula ,$£#£* &A## (!*■ S%).T^H40 .  th# ©oapoutid 6Co0«Al9€g x %0 

Is o hypothotiool ©iso and I s  ®#roly in s# tt# i #s ms «n#lsgss to  th# tr l*  

it ilfo to  th Tohlo

In th# following s##tl©ns of th# popor th© fonM&ion of opporontly 

stoblo  p-rodnst* hosing S09/Al9C9 »©l*r ra tio s  of loss than un ity  or# ©on- 

sldorod os po»«lfelo ©onpounds In hydrating osssnts*

f>. 1# su it  cs and 01 sous e l on of Bossuftarlos*'

Th# dot# oooftornod # it-h  th# houndsr l# #  or#  ro yo rto d  In Tahl©

In oelssn* y* T and 4 or#- g lro n  th# ©omposttton o f  th# s to r t in g  m lxtaroft 

in  ft*.A** In ©olu*® 5 sr© l ls to d  th# og#t oh ©hioh' th# s ixh sro #  w#r# 

f i l t » r * d 9 o o ln m  4 gloss th® CB* ©©nooiit ra t io n  ohtolnod hy t i t r a t i n g  tfe# 

f l i t  rot#* In columns 7* 3 and $ or# ropertod* rosyoot is© l y ,  th# &*/U ©f 

CoO, A l9%  and S09 In  th# a%mmiu phono* Golwm 10 §!### th #  eenpiatod 

n o lo r .©sayosStion ©f th# s o lid  pho«©s*
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In v ie*  o f  the fa s t  that & member o f a so lid  so lo t  ion ser ie s  

had to be eon®id®red a® a third so lid  phase, whieb ha® a oariable index* 

end further la sttbmlereseept* in  sice* othor mixture® in  addition to  

th ese  oontoiAlng CaCC'H}9» t  r ise I f ate* and wm mm lt& kn  worn prepared.

I t  wa® hoped that % ho preolp itat# free o f  tfe* tr ie m lfa tm  would y ie ld  an 

$Gg/dl*Cg ratio  whioh would ®«nr® a« a supplement to tho nmmgmt in f ©ma­

il©® obtained by a io ro io o ft® observation® on tho m eaeam lfete. Although 

th is  was rea lised  In part# hydrous Alt % in wary sn a il amounta appeared 

as a third so lid  pfeass* H ie  ©mount of th is  phaso van b a re ly  observed 

m lero e e o p te a lly * hot was indicated daring a n a ly s is  by a fa in t  tu rb id ity  

Imported to  the so lution  whan the p r e s ly lta te  was d issolved  in d ilu te  

BC1 (1»*C). The moncsulfate was not present as a stab le phase i s  the 

reported m ixtu re* which eomt aimed le s s  than 0*15 e ^ u iv . of 0H~/l*

Bydreus t r ls m l f a te . - and CaCOl)  ̂ were found in  Mixtures eontaiming

0.05 and 0. IP e $ i iv *  o f 0»~A* The hydrous AlgOg we® not found in ®Im- 

bnms when the C8~ • assentration m * lower than 0*05 ®%ulv./l. i however* 

tho mmalytie&l resu lt*  gave a lower SOg/llgOg molar ra tio  imdlssrtlmg the 

p o s s ib il ity  that th is  phase or some other phete was present. The Al*C9 x 

RgO hod a variable index* being, generally* between 1*50 and 1. 55* dose® 

(1?) reported a me«m index o f 1*5*5 f o r  k lmC9 x fm0 precip itated  in the 

preeenee ©f s u lfa te *

The stab le  t r io a lo ln a  alumlmat* * bCaO*AlaOs . felgC*, was n o t found 

in any e f  th e  p r e s ip lta t * * . '

The member® o f  th e  s o l id  s o lu t io n  s e r ie s  a re  r e fe r re d  t o  as 

'teemmsulfa te  * f o r  leek  o f  a b e t t e r  sn®ae. 11 though the In d ic e s  o f t h i s  

p ro d u c t cou ld  no t be determ ined w ith  any degree o f  c e r ta in ty *  th e  m m  

index was e stim ated  'he about 1 .5 *  t o  l«5b* The memesulfete appeared 

a® a m atastab le  p r e s e t  w ith reepeet to  th e  t r i  s u lfa te  in  a mmmber of
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compound 3CmC* A1^Ch|*C«£C€* l£%C had termed* H ettw r, at k ‘«©eks» th# 

refr&otlv© index had iBorw?«d to about 1*S*$* end * few crysta ls  of the 

t r ls u lfa te  **©re present. Dori»£ th© next 4 week# th© amount o f  tho tr i*  

su lfa te , eati&Rted is ft © rose op 1 © a lly  at 1 to  S ■ ereent* did not lucreere

in  B o ly a i#  of tho p recip itate  $»*• *a SCg/Ala&i so la r  ra tio

o f 1*1. Considering. the small amount of tr !su lfa te  present* th is  ratio  

decreased to about -9* ®sy be eons!1©red to approximate the £Cs .A l9Cs 

ra tio  of the moaoauifete *rs*ent in th# preeipltrte* "’"hit Ind 1 cate# 

that in©reusing, the vCs In th® a^ueou^ phase lsereaces- the rela tive  

amount present in the crysta l la tt ic e *  Thus, at an CK~ ©eneentratlon o f  

0*5 e*ule* A* p recip itates 14* T l, and, 19 represent a ser ies  o f mono* 

su lfa tee  shoeing £€3/ £ l 3€* ra tio s  o f , resreet-irely, *9* *M* c#% because 

mixture 14 *** not seeaei o r ig in a lly . and the su lfa te  eon®eatration of 

the aqueous phase appears high, i t  Is submitted only ten ta tiv e ly  as a 

point on the sure©*

% boundary t CsCCA^-Jl^O^ x ff̂ C -saonosul fate *

f | l e  Is not a boundary In the true sees# o f the word because

the sonesulffete Is a oonpound of e variable ©capos i t  Ion* That, the

aqueous phase# o f  mixtures IS* IK- and 91 ere richer In su lfa te  then th® 

©timers* The amount of x T̂ C eat s&all in e l l  these prepsr«tlone.

Mixture# TC and Cl were o r ig in a lly  nearly the #*«© a# IS ar*4 19, respect­

iv e ly , except that atere .f-C* »#*# p rese t*  This is  ref looted In the 

higher k. molar r e tie  o f preoip itates **©• 19 end 19 compared to

resp ective ly , To* TO ©«4 Pi*

fix tu res PC* Cl sad ?*4*

Attempt# to ascertain s h if t s  in th© molar r*ti© of CaO**laOs 

with time are represented by mixtures Tf, 09, and *4, the Isteer  o f which 

eont»4&©4 no eulfvfc*. Ho* pf and fC were id e n tica l, & xoert that the



former m s  f ilte r e d  s f t s r  1.5 asiaatos and th® la tter  « ft*r e h  rnrnkBm 

t r®olpitat® Tl fend 7% ‘-mr® d i©solved in  dSlot© HC1. filt* r« d  Utfwdlfctftly 

to  cHfcla & sftpfcratloa fro® th© hydrous Al^O*. asd th©» analysed. 

I'rooipltat# 77 9>&& frm  of aI^C  ̂ a %C. Tte® resu lts ladIs#to that th# 

CftC/Al^C* ra tio  olose to 4*f# bat th# doerfta&ft 1® th# B€^/MSQ̂

r«tlo  »&f i&dle*tft a ohs&g® in th® so lid  jpfaasft* Tfco diffftrotio®* ho**#®*** 

i s  ftlaest within th# H a lts  o f ®xp«rl*ft&tfcl «rror, and psadlng further 

study # conclusion that th# SC*/!!*-** rati© of th® prsolylt^tft 

aitte tis© cannot to and®*

£• iBtorprfttfttloo o f  data and application of finding® to  systftir.

TH« «e*p©eSti<m» of th® apaoaua r.; as# «* mol# percent of “'#0* 

Al.̂ Cg arid nftgleoiir.g th® and w#r* eamrmtid and ar#

presented In ©©luisa 11 o f ?*fel« Th® data for th® bound‘-rt®e Cfe(hKK~ 

tri«u lf*t® -A l^c9 x Eaci, and t*{f<E )^«*tri stalf »tft-&©no#ulf **<hft ar# plottad  

in  ftgar® 4* In th is  figur® th# data ar® tr®s®iifc®d in on# plan#, tfta 

mol© j'eroant o f Cat# AlgÔ  and &Cg ®r® j.-r©j#©t«d m  th* taa® of th# 

prim# Th® O’felft# for th® 0$T concentration, at ®«ittliral«»t* per l i t e r  

of IfaOH * Cft(CE)^* ®orr®sp®adlag to  oaoh point in tpaoo wae promoted 

on tb« w*41 o f th# prisa* which at present®d in  flgnar* k» ®«s rot*tad 

through $f«° into the fceri*ont*l rls.ii®. i© d ifferen tia tio n  i t  »*£• 

bftiwe«a th# two feo&ftdarl©® pr*sftist«d in figure h* at It i t  prole 11® that 

th® © xtm tloa of th« boa®dtry C®(CH>a-trlsu ifato-m onotu lfat#  * t l l  he 

elot® to  that ©f th# boundary ^m(ov) ,-Al^Cg * -trlsulfftt®#

?h© ahftftn©# of ^CaO*Al^C .̂CF^O i t  rather surprising, and sinoe 

po^e e f  thr «.i3ft»ret# »©w I; 1/?  months old , do not shew th is  rfe*.a# #h«n 

rC4 Is a lso frs*«nt# thsr# e x is t s  th® p o ss ib ility  that It ®ay not appear 

m  a phss® in th# pr«?ft»o® of ImCK and sulfnt®# ?h®r©for®* in aj plying
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th* fl&diBf* of th l*  Btf&tm. to  the #y6t «*8 oeaeoi-h^C ocneideretioti i i  

only feSteii to the phase* found is  the p reeip it •£-•#•

'•hen eeiicut «u*d water react the e&lelua elueiuate of the 

eesie&t aoc-tin®#, i s  about hoar* (11)* «!th  the available Cat.?# ehiofe i 

vin *»ffie l#n t in  ^u^atity'to ooi&fel&e with *11 the a lu la e  m  * tu lfo -  

alys0i.5ss.te. -turn the exeesi? so lfa t*  he* disappeared from the e^atoi)* 

phase, t»-e hel&as© o f the fiiumint-te w ill  continue to r*»et* and on the 

*#*t*aptio» the* no other constituent oorfbioe# with I t * the momt& in  

so lu tion  w ill i&oreaae over thoee deflood by the totmiJary. •*̂ ueott* 

phases containing up to  0 .5  •*»!*•' C-lC/i* w ill have ccHSpoeitions stove

the boundary (OS ̂ r i# u lfa te « » o » e » tt ifa te  * and th® fcHsulfate* i f  i t
**

had formed* w ill  disappear. Aa SOs «.poor BKmoeolfate w il l  he precipitated  

The £fg/*l*C 9  molar r a t i o  o f th e  l e t t e r  w ill depend upon th e  oontfo*itloa 

o f th e  abused* phase. Ou the heel# of t h l#  s tu d y  the amount of hydros# 

alumina ©o#jrl»tiBg with th e  £0$ -poor nenosttlfate v i l l  he small*



1* Th® ©oapoond ^C*G. lCmJX4» 1?E9C fo ia a  *• « no tm oto tl*

plMk.fi® In contact with eo lation s of varying CaCCH)** ooitoent rot ion®* and 

in  contact » lth  so lu tions a©arl>- saturated with respect to CftC'fl^g 

Cab04*TH^f • In th® gheene© of exoes* suifwt* U  p ersists  fo r ««©ks as 

a compound of 6 Vfe.ria.ti* composition before convert ir>,, to  the stab le  

t r ls u lf  a?-e* I f  precip itation  nuoleii o f the tr isu lfa te  are pr^eni* the 

feonosulfet© w ill  not form*

*% ;, so lid  solution  ser ies  i s  formed between ĈmC# Al f̂ 3*C&(CF''

l / r and ?CeO* .AI3C3 l*HgC i s  th© presene© o f FmttU ?h© urnount 

o f su lfa te  in th© cry sta l la t t ic e  ceoreefies -»ith in©*easing CH" concent ra 

tlon  in th© a ,ueou& ph&oo from which th© product i t  precip itated .

*1. Th« boundary* C *(C H )#»trim ltaiim ~ '-lsQs x il^C was p a r t i a l l y  

defined* and th© boundary: Ce (C t£) „~ t r  1 s a i l a te«saon©«ulfate {JL>#A l* C B 1) 

was de fin ed  between C.It* concent r a t io n  o f C.15 to  C,*5 © su iv ./l*



v u  l i h  iccV' u-nr

1. Candlotz Bull* ®o®. eneour. imd. ast#»  3j># 6 345 (1390).

9>. I 'lo h M lle t  Toaind. f t g . ,  10 < <139®>.

9* * !•!»  «nd r h lU lp i i  ?*oh&* pap. Bur* of ftJa* , I©, h*9* (1914

4* Lorofc* &ad Begats Jour* of ?•©• Bur* of 7 , 715# (1 9 ^ ) .

5* ^yiin©* lot®  &e*d. Afeeea&i© t it , » , (19*^}*

6* fersofs: 1J, 11%* (1910)*

7* Kor»t< B&r&mm # t  C to, i&rl& {199*}, !'• $9*

3* Jon®©i .-./»£• CImmu o©a«at®* Stockholm 19%>, p. 791.

9* foyane&t * Zmamnt, £€, 101$ (1991)*

10. bo$n® *r<3 .Loroht la d . and -.«£• fh«au* £6, 597 (1994)*

11* '*’■orsan* :sy»j>* Cheat* Cobobt©» £toek-hola 1995, p. ©93.

I?* : • ' ohlfej'f@rt IMd« p* ^70*

19# Jocioet Par®. $©©• Tr^no* 2 5  C?)# 1434* (1**99).

14* Kaloti*ekt Jasper*  e»d ? r* £ o n tag t F©©k F ro d o o tt, A p ril, 1941*

IB . ‘o l h n  Ind. *nd *.*£. V h m .*  * 6 .  $$9, (1 9 * 0 .

16. Batons - ro e . A. ; . T. t .  J J  ( U ) ,  1^3 (1 9 1 5 )I ' I I 1!-. "43 ( 1 9 ^ - .

17* I.#* arid Cocoht HuMBistry of ;'e&cstt *rd '’cmor^t# r-*

•'mold and "'<m-i *m$ (London)* f u l l .

13. F U le lr a n d  and ia n d e l l : Applied Taorganio Analysis (19*9 ')• John 

i i c y  end ..one, p ib l .

19. Johnetone and Groves J .  a®. Cfcea. ,.,©c. «£, 9976 (1991).

?C. F l in t  »cd e ll© : J o u r , of : *©• Bur. o f ftd©. 11* 109 (199^;.
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Am*Acr

The smlfealwiln&he# o f ©oleiua, tCeJD*&Xt €ta. tll^C sod

^CeC*Al,?('3 .CaoC4 .Xrri.-,0 , Bested* tr ls a lfe t#  and aoao#alf*t#»

ere generally believed to  be fem e*  in hydrating eesteabs* The eu lfa te  

boering compounds ere e f  in ter est to theories e f  early  e e tt la g  e f  oeeeat 

p astes, end e lse  ere believed to  be the eeuse o f the d isin tegration  

o f ©onerote in  su lfa te  bearing water.

An in v estig a tio n  eonoemod w ith  the a e ta s ts fe ility  o f the 

•on eae lfa ie , end th e  e f  fee t ©f ff«0V m  the  e ^ a ll ib r le  o f  thee#  double 

e e l t e  wee carried  out, A product eUttslefcittg th e  stoaosuiffeie wee formed 

wad wee found to  p e re is t  fo r sever e l weeks ee preaiiBefely •  r e t e s t  able 

phase in  eenteet w ith  s o lu tio n s  poor l a  s u lfa te *  la  e # e lv tlo B t n e a r ly  

s a tu ra te d  with re s p e c t t o  CfefO* and Ca(CH)t# th e  -M tM ulfat#  fo rced  es 

» Betasta b le  phase whleh ©<m verted r a th e r  slow ly to  th e  t r i su lfa te *

The eoBosulfete does aot fora i f  p ree ip ita tiea  n u o iell o f  the tr tsu lfa te  

ere present* The wheal eel eoftpositloa o f the eoaosu lfete ie  variab le, 

the eoiapouttd being probably a aeaher of * so lid  so lu tion  series*

la  the presence o f £aC£ a so lid  so lu tion  se r ie s*  with ^G«0* 

dlftCs *Ce{C8}0*l9B4O sad 3 C « 0 * .Ga£04 . lPBa£ as end aeefcera, wee found. 

The amount o f $oJ* la  the ery ete l le t t io e  deoreesee with laereesia^  . 

amounts o f Oil* l a  the eea tse t solution* The boundaries, Ca(CB)^-Alt O0 x 

BsO~tri s u l f a t e ,  end € a { G S )s* trlsu lfa te *  (aaBbers o f  s o l id  so lu tion  se r ie s)  

were located*  in pert*  l a  the  flue-eeupeseiit eye te a  CeGw&igCg «*S0s - l a # -  

I!a0 «i ?5® C* A pplieab lea of th #  finding# e f  t h i s  eye*#* to  the system 

©esseut-^ater, ind icates th a t  aisabers o f th# above so lid  eo lation  ser ies  

•re th.® salffete bearing eaepQimda in  hydrating eeaoats*
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