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There are meny substances which effect the volume change
of cement during setting, but the lack of time has limited

The effect of salts, or electrolytes, is shown, varying
not only the valence of the cation, btut also the valence of the
enion, A relatively small portion of the existing salts was
employed in this work, but they were so chosen as to give a
complete pleture of their effeet on the volume chenge of cement,

The use of organie compounds was limited chiefly to those
containing « OH mu, in any combination and quantity,
although other compounds we exemined in lessor detail,
Although the effect of these compounds is not too elearly
understood as a vhole, the information obtained is of great

8 indieates the purpose of this research and the content
of this thesis,



HISTORICAL

When water is added to Portland cement, there follows a
series of resctions, the explenstions of which have been sought
by chemists for s great meny years, Meny theories have been
developed, each contributing to s fuller understanding of the
processes involved.

Serious consideration sbout the nature of the hardening
process following the resctions of hydration was not given
until the studies of Le Chatelier (22), He belieoved that setting
and hardening of cements are due toi

1.

2,

3

Se

The solution in water of an anhydrous or partislly
hydrated salt.

Resction of the dissolved salt with water, to form
& higher hydrate,

The precipitation of this hydrate due to its lower
solubility and consequent development of a supere
saturated solution. '

The formation of very small but elongated crystels
during precipitation vhich favers interlacement
and large contact surface.

The specifie properties of high cohesive and
sdhesive qualities on the part of the precipitated
erystals,



Michaelis (28) developed a theory that the hardening of
coments wes due almost exelusively to the formation of
colloidal hydration products, This colleid theory may be
sumarized as followss

The asetion of water on cement brings sbout twe types of
reaction, First the solution of lime, aluminates, sulfates
and other compounds in the cement, From this solution there
are precipitated various erystelline products, as ecalcium
gluminates, ¢alcium sulfosluninates and celeiwn hydroxide,
This gives & material possessing some strength but not at all
resistant to further disintegrating action of the water, 4is
soon a8 the limewater has reached a definite concentration it
aets on the caleluneimpoverished silicates and forms the
hydrated celeimm silicate, Because of the low selubility of
the silicate it forms e gel which fills the pores of the cement
and mskes the letter impermeable to water, The gel is soft, but
the inner mess of the eement graing eagerly withdraws the water
from the gel end in that way the surface becomes hard, The
great strength and water resistence of the cement are thus
explained as due slmost entirely to this gel formation end its
drying out by the inner suction of the cement grains.

Both theories have had their chempions end likewise
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diffieulties have srisen, The tendenmey today seems to be in
favor of the erystallization theory, although the important
part played by amorphous materials, as shown by Michaelis,
is elso recognized, This has been mmtad by Mseda and
Yemene (24%).

The reaction of Portland cement with wm is essentially
the sum of the reactions of the individusl constituents,
modified perhaps by the interaction of the compounds or their
products, The mntiang according to present )mowledge, may
be shown schematically as follows:

Casty, *2H,0 ikt - 3 Muﬂ@g}gs m«tn Hs0
L] L]
SMM’—”MMW\»WM eq.

3 Ca0*5102 e
2 Cobeltitg /3 Ca0+2 8102 8qe +Ca(0H)s

% Ca0sAlp0yeFep03 — 5.3 CalsAlp03 8qewt CalsFeply ade
As 8 result of the various theories, Meyer (27) came to
the following conclusionss
1, The initial set is attributed to the hydration and
erystallizetion of the tricaleium aluminate,
2, The fipal set is csused by the begimning of the
decomposition of the tricaleium siliecate, The
tricalediun silicate also contributes to the major




3, Herdening is caused byt
8)s Contimstion of the dee
triealeium silicate,
b)e Crystallizstion of hydrsted dicaleium siliecate,
¢)e Slow transformation of hydrated dieceleium
gilicate inte snhydrous coleiun silieate end
lime,

An ghnoymal type of eget which occasionnlly tekes place 1s
¥newn as felse set, The causes for this condition have been
veriously explained. Bogue end Lereh (&) observed that the hemie
hydrate of celelum sulfate is capable of introducing e eondition
of rigidity in cement pastes by hydrating to gypsum, Whitworth
(3%) also observed that this false set was due to the formation
of fine erystels of hydrated celeium sulfete,

Ouick setting, se explained by Roller (31), is brought
ghout by a deficiency in caleium hydroxide, permitting the
formation of the sulfealuminete,

A theory, also developed by Roller, was that of retard-
gtion of set, The direect hydration of tricaleium sluminate
proceeds with formation of the hydrated caleium sluminate, In
the presence of & high concentration of caleium hydroxide, the
hydrated tetracaleimm aluminate will form end deposit as afilm

suposition of the
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_on the grains of the tricaleium aluninate, This formation then
 slovs down the normslly Tapid hydration to celeiwm slmninate

hydrate and so retards the set. Thus caleium hydroxide is the
primary retarder of the set of Portland cement and eny sgent
which will bring sbout the formation of celeium hydroxide in
the paste sets s a retarder, Most soluble lime salts function
in this manner,

The effect of substances on the setting of Portland cement
has lead te & great deal of investigation, Rohlend (30) attributes
all changes in the time of set to the formation of catalysts,
vhich mey be either positive or negative, The reterding sction
of gypsum is explained as due to @ neutrelizing of the positive
catalytic ection of the alkelies, Yemene (37) also explains the
sction of caleium sulfate,

Other retarders than the various forms of caleiwn sulfste
have been suggut&d end used (5), Celeimm chloride has been
investigated by Deutrebande (7), Ferrari (10) and others (29),
(29)y (32)y (36)s A dilute solution of calcium chloride functions
to retard the set, but in concentrated solutions, crystalline
ealeium ehloraluninate is formed which hestens the set, This
is due to its hastening of hydrolysis and consequent increase
of caleium ion conceniration,




t!mt suger m.m erystalline famuw during end
mmm reterds the processes of setting snd hardening,
Othor organie substanees (2), (33), (35} have been found
to veterd the setting of cement, ,
£lkall compounds, however, reset with MMM hydroxide
end so remove it from solution, Therefore they sceclerate the
sot,

The frmetion of alkalies was studied by Rrdshl (9) end
Orimm (15), Alkall sulfates and silicates have but 1ittle
produce a flash set, '

The setion of sodium chloride was found by lerch (23) to
be similar to that of ealeium chloride but to a lesser degree,
vhile Grin (16), (17) showed that the chlorides of magnesium
iron mx)g elwnimm, and barium accelerate the setting of
Portland coment, mm&msammmwhnmm
studied (19),; (20)s

Lerch (23) eenfirmed the eecelerating setion of alkall
hydroxides end found thet the effeects were due to the action
of the alkeli hydroxides on the gypsunm with the formation of
alkeli sulfates, The effeets of the alkali hydroxides would




then be similer to the effeets of the alkeli sulfates, The
effoct of sodium carbonate wes slso found to be similar, with
the preeipitation of celeium cerbonate and the formation

of sn alkall sulfate,



Portlend cement exhibits certein physicel properties such
a8 1te volume change (1), (13)y (26)s The cement grains eve
setod upen by water and inereese in voluwme forming an smorphous
or gelatinous mass conteining some crystelline products, s
Michalis' view is adopted the gel is formed by the coegulation
of moterial which has first dissolved forming a superseturated
solution, while amother view is that 1% is directly formed
by swelling of the cement to form a gel as water scts on 1%,
swelling cen be produced by erystal formation alone end is not
nocessarily a sign of gel formations The gel mess probably
remeins wnchenged in volume for a long period if kept wet, but
on drying it undergoes e contraction end refuction in woter
content which ere both irveversible, The cement gel may therefore
be regerded as initislly formed in an unsteble condition,
oecnpying o greater volume and eontaining more water than in
1¢s steble stete, The gel thus has an inherent tendency to
shrink and give off some of the weter it egontains, vVhen the
cement, which has set, begins to dry, the gel is changed into
an spperently steble condition end with prolonged egeing, with
~ growth in sige of the individuel silicate gel perticles, an
epprosch towerds true erystel fornation
paticelly is as followss

This process diesgrem
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In order to obtain the results wanted, it was necessary
to comtrol the adbove process. These results were the incresase
in wolume of the cement, meaning that the irreversible shrinite
sge to form a steble gel had to be hindered, This shrinkage,
which is caused by drying, was reduced by the addition of
excoss woter, The cement - water retio which was considered
adequate was four parts - six perts by weight., This mixture
was to be used for cach subsequent run to act as a control
semple, :

The systemjeement plus watoer, as a vhole undergoes a
diminmtion in volume, vhile the volume of the solid matter
present incresses, The final total change of volwse incresse,
as found by Gessmer (11) wes fifty percent, The work of Anderege
gnd Tubbell (1) showed a similar change.

The totel incresse in volume of the eontrol sample, which




is evident from eny one of the succeedi
1y with the historical

fifty pereent, agreeing rather el
findings,

g grophs, is almost
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It wos necessery, to prevent the cement fyom setting, to
construct s plece of spperetus whieh would contimally keep
the mixture in motion,

A wheel, tvelve inshes in diemeter, welded to & pulley,
four inches in diemetor, wes mounted vertically on a stesl bar
held in place by meens of two clamp holdors mownted on ring
stands,

Anothor pulley, one inch in diameter, attached by & rave
nide belt to the first pulley, was pert of the driving system,
This system, consisting of & w&a&ﬂ three hundred sixty - one
(361) ohm resistance cormected in parallel to a one - fiftioth
(1/50) horse pover worm - geaved motor, turned the wheel at
controlled by verving the smount of the vesistance placed in
the eireuits

The centpiners were ten milliliter gradusted cylinders,
from vhich the bases had been removed, The Volwios were correcte
ed in order to sllev the wreadings to be consistant, Vhen in
use, these cylinders, corked, were easily and quickly held teo
the mixing wheel by spring clemps, The wheel wes equipped to
hold twelve of these eylinders at onoey so placed thet the
wheol was in balence,




» compatibility of the reedings was further enhaneed
with the use of & hand centrifuge, also capable of holding
 twelve of the cylinders. The cement was thus thrust to the
bottom of the cylinders as they were rotated st the rate of
twelve hundved rvevolutions per mimute, for one minute,

The readings, which were teken at eonverient time intervals
and plotted are to follow, but briefly I shall outline o
complete run, which required forty - eight howrs,
For convenience, I shall discuss only the use of one
semple, the control.
1s 4,00 grams of regular Portlend cement are placed
into each of two eylinders, A and B, which are
~ then corked to prevent the collection of molsture
from the air by the cement,
2, Into cylinder Ay 6400 milliliters of distilled
water is placed, shaken by hend, end placed on
3. The eylinder is removed at frequent intervals
(overy fifteen minutes for the first three hours,
rotatedin the centrifuge for one minute, the
voluse is read, and then the cement in the eylinder




wihe

1z sheken loose. The tube iz them replaced on the
wheels

by Cylinder By with 1ts 4,00 grams of eomont and 6,00
milliliters of vater, is placed on the wheel eight
hours after the start of eylinder A, This permits
the obtaining of contimuous readings over the
mmuamtwmmwmmmmw
mamwmw*

%s The volume readings arc then taken every one or
two hours for the remeining forty hours,

Ge Upon plotting the volume readings ageinst time,
the graph 1s obtained,




EXPERIMENTAL RESULTS
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The following table shows the effeet of sodium chloride
~on the volume change of cement during the process of hydvation.

TIME VOLUME OF CEMENT
hy, min, Ho0 0,10 M O20M 0,50 M 1,00 M

o NaCl  Nacl  NaGl  Mec
o 15 3.50 3.0 3430 3.35 35
o 30 3438 3.38 3425 3430 343
0 4 3:32 335 3425 3430 3440
1 0 3430 3435 3425 3.30 3.%0
S 3430 3,35 3.2% 330 340
i 3 3.30 3.0 3.30 3.32 343
1 W 3430 3.0 3.35 3435 305
5 9 3430 3.5 350 3.h0 3450
- S ] 3430 3.50 3.h5 3.50 3453
e 30 3435 3455 3.55 3460 3456
2 b 3435 3465 3460 3.70 3.60
3 0 .40 3.68 3.6% 3.75 3475
3 30 355  3.80 3.80 3490 3:95
o0 250 3.9 3493 4,05 Ly
30 3.5% 4,00 k08 %420 %30
y - » 3.60 %20 k18 4,30 %, 50
y 3 3.70 W15 %e20 b0 k.60



hr,

W g 3 O

15

17
18
19

21
22
23
24

3 &K

29

min,

30
0

L
o

o O 0 O © O O 0 O O O D O O D O

360
3.89

3.50

3495
by 00
L6y
he?75
%.8%
%95
5405
5410
Sel5
520
Fa20
5e25
5225
5425
Fa30
5430
5e35

010 M Ds20 M 0,50 M 1,00 M

W25 W30 N5
%430 k.35 k50
boko Lyko %y 50
boks LN Le5Y
4,50 he50  hebo
%75 495 5405
4,85 5.00 5210
b5 505 5,15
5o 00 510 520
5410 Sel5 5.25
Fel0 Gl 5#30
5420 5,20  5.35
5e25 5e20 5435
5e25 5e25 540
5e30 5425 G440
Fa30 530 Fel0
5433 5430 Ge3
5235 He30 Fek3
5037 5#35 Sole5
5ok 5435 Gelt5

HaCl
s
k.70
4,78
k.85
4,90
5430
530
Je35
510
5450
5450
5455
5455
560
5460
5s60
562
5465
5465
565



ul?*

hr, min, Ha0 0O M Q20 O50 M 1,00M
' RaCl FaCl ‘HaCl M
5&35 5,:3‘ ‘5&35 5450 5,70
540 1 5035 He 50 5470
BH0  GME 540 5e55 5e70
R 545 500 ’5&5‘5 5«70

30
31
32
33

ngq

The previous table shows the actual measurements which
" were obteined for one complete set of runs Involving one added
salt, namely sodium chloride, The results of all the other
" puns will not be shown in the form of this table, for reason
sonvenience and economy, The succeeding graphs will suffice
" to show the effects of added substances on the wolume change
- of cement, |




EFFECTS OF SOME ELECTROLYTES
GROVP I

1. The effect of sodimm ehloride eewwe~ HaGl

The teble on pages 15, 16, and 17 and figure I
on page 19 show the effect of sodium chloride on the
volume change of cement,

The use of sodiwn chloride in Portlend cement
ghows that the salt sets ss an aceelerating sgent for
the gsetting of cement,
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2, The effeet of caleium chloride wwwwee CaCly*2 H,0
Figure 1I on page 21 showsy in graphical form

the effect of ealeium chloride on the volume change

of cement,
The sction of ealeium chloride on the setting

of Portland eement cam be shown to be one of

aceeleration,
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3s The effect of sluminum chloride wswwws AlaClgel2 Hy0
Alumimm chloride has similer accelerating sction
on the setting of cement as the salts previously
nentioned,
_ The setting of the cement is accelerated te such
an extent that the concentrations employed had to be
very smpll, A concentration greater than 0,10 M ceused
quick setting due to the formetion of gelatinous
aluminun hydroxide,
Pigure I1I on page 23 shows the effect of aluminum
chloride on the volume change of cement,
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GROUP 1I

1. The effect of sodium chloride www«w~= NaCl
This has been shown on pages 18 and 19

2, The effect of sodium sulfate wwwe-we  lNap80)¢10 Hp0
Pigure IV on page 25 shows the effect of sodium
gulfate on the volume cheange of cement,
The addition of sodium sulfate has an accelerating
action on the setting of cement,



mﬂ}'u

ol

ot

ﬁ.mgxu dwir

_ |

og oz

=

O¥HoI-*0S¥°*N WOl 0>
O’HOI'*06¥eN w0z 0 %
0’Hor-*0s¥®N wogo &

O’HoI .*omfwu woo'y
0 Skt

ot

|

|

u._.mu..dm Ij_aom HLiLim wz.:..O\/ N1

X

ql

¢

1)

u—uZtIO

%2,

£

.

|

["w] juUdWan 40 DWNOA

i




- 26 -

¥, The effect of potassium ferricyenide =~ KyFe(CN)¢
The addition of potassium ferrieyenide (potassium
iron (II1) cysnide) and its effect on the volume change
of ecement is shown in figures V and VI on pages 27 and
28, |
The type of curves obtained here wes not evident
from the other salts which were employed in this

rosearch.
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4, The effect of potassium ferrocyanide - K Fe(CN)g
The effect on the volume change of cement vhen
potassium ferrocyenide (potassiwm ivenm (II) eyanide)
is mdded is shown In figure VII on page 30.
It 1s evident thet potassium ferrocysnide is as
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FIGURE VII
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GROUP IXX

1, The effect of methansl  weesee cryon
e effect of methanol (methyl slechel) on the
volume chenge of cement s ghowm in figwre VIIXI on

page 32, :
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CHa0H
Pigure IX on page 3% shows the effect of ethylene
glycol on the volume change of cement,

From this research it appesrs that ethylene
glyeol has sn sccolerating astion on the setting of
cement in dilute solutions, but a reterding sction in
concentrated solutions, This latter offect is espeelally
ovident with the pure material,

2, The effeect of othylene glyeol wmewees
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3. The effect of glycevel e gmn
Ci,0H
The effect of glyverel is very similar to that
of ethylene glycol, but even to a greater extent, A
mixture of pure glycerol and cement could not be
used, however, beceuse of the very viscous mixture
Figure X on page 36 shows the effect of glycerol
on the volume chenge of cement in graphicsl form,



FIGURE X
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0
h. The effect of sgetone ~eowew ms.’é;cgs
The effect of scotone on the volume change of
cement is shown in figure XI on page 38.
The effeet of acetone resembles the effeet of
methanoly in that both heve reterding setion on the
setting of cement,

- 17 -
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GROUP IV

1. The effect of formeldehyde
Pigure XII on pege 40 shows the effect of
formpldehyde on the volume change of cement,
Pormaldehyde in dilute solutions sppears to
have a slight pecclerating sction on the setting of
coment, These lower concentrations produced a white
materdel on the gides of the containers, ineressing
in smount with deereesing concentretion of formalde-
hyde, This material did not m, decompose, or give

The 13,#& ¥ solution of mw.mm produced a
very great pccelerating setiony which is due to the
probable formation of celeium formate,



FIGURE XII
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Figure XIII on page 42 shows the effect
levulose on the volume chenge of coment,

Excopt for the very lowest concentration the
solutions above the settled cement were yellow, This
yellow color, which wes else formed when levulose
was sadded to caleiwm oxide, must be produced by the
oxidation of the levalese,

A false sot ocourred with the high concentrations
of lovalose when added both to the cement snd to
ealeiuwn oxide, With the aid of a microscope this

snomenon wes seen as followst
(2) A donse mass of small erystels was
: poducing the set and the
in velune of the cement,

{b) These small crystals decressed in
mmber with the formation of larger
mam:m It was this sction that

Ag & vhole, ma.mw this formation of false
got, levulose sets as o reteRding agent for the setting
of cement,
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The effect of pentaerythritol on the velume
change of cement is mot too well understood, Figure
XIV on page W shows the effect in grephical form,

As a vhole pentacrythritol appears to set as a
retayding mmi for the setting of coment,

In the higher concentrations s phenomenon similar
o felse setting ocours, but not as pronounced as in

the case of levalese previously mentioned,
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Figure XV on page %6 shows the effect of de
mernitol on the volume chamge of cement,
m”t mx W lﬂm “ poneontye

WWW&W*M&WMWWW”&WM
coment,
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5. The effect of d= sorbitol eeee~ mmmmmm%a

EEEEE
POEOOO
HE HEHE

$Maﬂmtwdwmeﬂamﬁuﬂmmummm
of eement, figure XVI on page 48, is very similer to
the effect of d- mannitol,

This sinilerity would be expected since d-
mennitol end d= sorbitel ere very similar in thelr
structure, differing only in the position of one
«0H group.
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e The effect of SUCYOEE  wwwwew Cyolinn0yy

Pigure XVII on page 50 shows the effect of
sucrose on the volume change of cement,

It is evident that sucrose retards the process
of setting, snd in the concentrated solutions it
decreases the volume of the cement tremendously.
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GROUP V

1. The effect of calgon wesews Tiag (P04 )¢ ()
FPigure XVIII on page 52 shows the effect of
calgon, @ water softencr, on the volwse change of
coment, 55
The action of this materisl on cement is not at



FIGURE XVIII
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2+ The offect of verscns eeewws

The acid versenme, or the disodiun salt abbreviated
Napll,Xe2 Hy0y is used for the determination of the ; 3
totel hardness of water, This material Imm a complex with
ca** and ug** soms,

The effect of this material on the volune change
of cemont is shown in figure XIX on page 5%, The action
is not clearly understood and an explenstion of its
effect is not possible, '
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The fellowing will show in tebulated form the effect of these
added substances on the volume change of cement, The measuree
ments, which are in milliliters, equal the final volume proe
duced with the addition of the meterinl less that volume found
with the sddition of water alone,

TABLE 11
GROUP I
HO, COMPOUND
b g 0405 M 0,10 } 0420 M 0,50 ¥ 1,00 M
1. Hacl — 40,05 40,00 40,15 40,30
2, CaClpely0 = 40,25 40,20 40,70 m.hs

3 &12016»13%0 "0;85 &1;2@ e PO -

GROUP 1X
N0, COMPOUND
’ 2 ’ 0,10 1 0,20 M 0.25 M 0,50 M 0,75 M 1,00 M
L, Necd 30,05 40,00 o= $0,15 ~= $0,30
2, NoyS0,+10H,0 40,20 40,25 == 30,60 == 30,80
3 Ksﬁlmﬁ’@ 40,15 40,00 $0.00 "ﬁuw 40,40 WQ’.@
e W’wﬂ)@ M&W WQW T - «UMM T ee




GROUP 111 |
O, COMPOUND

0410 X 0,20 ¥ ma M 1,00 ¥ PURE
1. ~CHyOH $0,00 40,05 <0,15 <0,25 <2.45
2, (CHxOH)y 40,90 $1.30 41,35 40,00 «2,97
3¢ (CHyOH),CHON 41,33 40,63 1,27 «2,72 =
bo CHgCOCHS <010 0,25 «0420 «0,30 -2,40

GROUP IV
o, mmm

Ga@ﬁ M 0410 H @*3{3 M 0.25 M 0.% H :.,w M PURE

A

1.
24
3
by

‘ 0401 gms 0405 gms 0420 gma 0,50 gma z.w e

R
1. Calgon "’ang «0,10 41.30 42,18 wwlﬂ
2, Versene «0,25 =015 40,10 40,45 41,85



‘ sCussIon

The effect of the slectrolytes in group I, page 55, on
the setting of Portland coment has been explained heretofore
(7)9010)5(25) 50294 (32) 3(16) 4 (17)5(23) » 1% was found that the
secelerating action which they had on the setting of the cement
was greatest for alumirum chloride, followed by caleium chloride
and then sodium chloride. This indieates that the higher the
positive valence of the eation, the faster will the material

~ The results of this research shov the same relative effect.
The cation with the highest positive valence show: the greate
est inerease in volume of tho cement, and the ecation with the
lowest positive valence the smallest inerease.

The electrolytes in group II, page 55, alsoc have an
accelorating action on the setting of cements This scceleration
is groeatest for the salt with the snion of the highest negative
valence and loast for the salt with the anion of the lovest
negative valence. The action of potassium ferricyanide is not
in eorrect order, the reason for which is not lmown

With respect to this research, the anion with the highe
est negative valence produces the largest inersase in volume
of the cement, and the anion with the lowest negative valence
the smallest inerease,




The reason why these eloctrolytes have the effect which
they do on the volure change of the cement, is probably bee
cause of the amount of wmtor vhich is held by fonie hydration,
cules held due to this attraction, and therefore the greater
the increase in volume of the cement,

m@m«twmmmﬂﬁmmnMQMﬁWmh
a8 easily oxplained as does the effect of the clectrolytes.

The oversll effect of those non - electrolytes in group
II1, page 564 i one of solubility or dehydration. The pure
materials do not permit the cement to hydrate and thereby
decrease the swelling of the cement tremendously,

Yamane (35) expleins this retarding effeect for methansl
as belng due to the dlfference between the supersaturated
solubtllity end the normal solubility of calefun sulfate, This
difference 1s smaller in methanol then in waters The same might

the volume of the mﬂ, mﬁm entirely as a dehydrating
agents The other materials, however, inerease the volume of
the cement in the lower concentrations,

The non - electrolytes in group IV, page 96, present the



presence of & chemleal reaction vith the probeble formatien
of ealelun formate. |

When lewnlose was added to the cement, a false sot ocoure
reds The reason for this is not clear tut probebly is the result
of a complex formation, A chemdesl reaction also was noticed,
the oxidation of the levilose producing a yellow colers

 The adddtion of sugars to Portland cement has been lmown

for many years to retard the setting, It has boeen claimed by
- Durchartz (6), and others (8), (12), (18), that this retard-
ing action is coused by the delay the suger produces in the
erystalline formation during the hydration,

The addition of the salts in group V, page 56, have not
been investigated thoroughly enough for a conelusion to be
 atdurately drawn, One would have ewpected the voluve of the
coment to deerease, mwmwmwwmm
catt tons, This, hovever, wes not the case and the theovy
M:LM is digprovens
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From the results of this vesearch, there sre certain
roints vhich are clearly brought out,
Vith the eddition of electrolytes to Portland cement, the
following conclusions are drawn:
ERoUP I
1+ The higher the positive valence of the cation
the move rapidly the setting is accelerated,
and the greater 1s the inerease in volure of
the cement,
GROUP 11
1¢ The higher the negative valence of the anion
the wore rapidly the setting is aceelerated,
and the greater is the increase in volume of
the IM'M
liotes Potassium ferricyanide appears to be the
exception, as night other uni - tri valent
salts, :
With the eddition of non - electrolytes to Portland cement
the eonclusions are as followss
GROUP ITX
1. Acetone and methanol set as dehydrating
agents, Yamane's (39) exvlanation also glves
reason for the effect of these materisls re -
sulting from the solubllity of ecaleium
sulfate.



sa s

GROUP IV

1. The addition of formaldehyde produces &
cherieal reaction with the formation of
caledun formate.

2« Lewlose causes felse gel formation, and
oxidation produces a yellow color,

3. Sugars retard the setting and decresses the
volume of the cement because they delay
erystelline formation during hydration.

The effect of the salts in group V is nog understood and
more investigation is necessary.
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