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yeur June 1950 « June 1951 under & research fellowship established at
m&mwwmauumwwmmmlm. The
research wes performed in the Dutterfield lsberatory at Union College
; under the direction of Professor Charles B, Furd of Union College. The
i | Horth Aperican Cement Corporetion wes represented in conferences by ¥r,
| Jonn J, Porter and ¥r, H, F, Kichline, To both of whom we are very much
| indebted for vany helpful suggestions and idess,
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THESIS

‘STUDIES ON SOMB REACTIORS OF PORTLAND CEMENT

dbstractt Studles are made on 1, mmmwwma.
m_» sawdust mixtures, 3, the effect of soluble corpounds on
corent, L, cement = latex mixtures and 5, ceremt « plastie
corpositions,

Oenernl Inbroductiont )mmm.mm'muumm

term for my subetance which ceuses two bodies to sdhere topether, The
binding together of stones wi'h g cerent to forw a solid stmoture has
boen used since the begimning of recorded history, The pyraride of Bgypt
erploying & cement between the stone blocks exhibit the santiquity of guch
conatructions HNo one knows when the use of cementing meterial was discovered
mnmmmxymmmmunmmunm

Portland cementy & type of cement (not & brand nave), is & comparative
newoomer to the long list of cementing reterisls, This cement dates back to
about 1825 and 4% hes been used extensively only in this century, PFortland
cevent is wede by hesting limestone with clay or and equivalent composition
to about 1L500C gt which tempersture certain reactions take place giving [
product known a8 “clinker"s The clinker is ground with 2 - 3 percent of
eypsumy which is added to retard setting, %o give portland cements The
WW“WMmMWW&%%ﬂmQ
and Cg3(A103)2, Portland coment is a hydreulic cement 1.0, 1t will form
under waters The setting of the cement is related to the hydration of these
compounds, the hydration of tricalefum #ilicate being of special importance,



. ] : 1)
The composition of portlasd cerent fs given in the following able.

Composition of Portland Cement

Oxide  Ca0 530y A303 Feply M0 80, 'la"a‘z”
Poreent  98.67 19-26 Lel1 2 Ouf  O=2,5 Oe

The opportunities for remearch m'mw cerent are wany, Sven
ummuwwlmim,mvmmmmwm
cement ray be satiefactorily conducted ﬁa.u collepe laboratory, The tepics
of research conducted st Union Uellese on portland cement includet

_ le An atterpt to Pind dnformation consewning the chewical processes
cceuring during the setting of portland cement,
2. Correlating the information with sore thesry of set mechanise,
3; in tovestipation of possible new uses for portland cement,
& Portland coment with siliceous agrregate as & structurel
mterisl,
be Portland cement with other inert agrresste as strustural
materiad with speeific properties.
¢s Portland cement with electrelytic and nomeelestrolviie
| additions for weried properties such as variations in tive
of setiing, heat of sebtiing, strength, density, coloryete,
de Portland coment as 2 reapent chemical, Yon struoturel
cherdon) uses,

Itmmhmtmmwﬂ‘ulmulm“rum\ thres,
new and extended uges for portland cswent, Five separate investirations Fisre

wndertaken and the five following sections describe the work eovered,




Thase aret

SIGTION I, « The wechanisn of setting of portiand sement,
BECTION IX » Pertland cemsubesswiust sixtures.
W?Wmo~?hum«fmmhwmupmm
SECTION IVs « Mixtures of portland cesent and latex
SECTION Ve « Conimt + pilastis sompesttions,




(1) 2,5, Boguet The Chemistry of Portland Cement, Vew York, Teisheld, o 19h7  *

(2) %% lgtimer snd Jo¥e Hildetwandt Foferance Sook of Wa MM,
revised edsy New York, Yaer{llen e 1910
pp 309 - 310



SECTION 1

~ The Yechanisr of Setting of Portland Cewent Pastes

A foundation work for the gemeral progrem of cerent research
sponsored by the North Awerican Cerent Corporstion, the literature sesrch
on the mechanisr of setiing of portland cement was continued, A detailed
search in Chepical Ahstrmcts for the period 1930 « 1990 was made and LS8
pertinent references were collected and classiffeds Althoush the problem
«mmmwntmmnmwwmmmmmxmu
1951, 1% is hoped that these references will be of use in subsecquent
irveativations,

i



SECTICE 1Y
_!‘M cerenteggudust rixtures,

tw: One hundred thirty blocks of cerentesswdunt corpositions were

prepeved and the effect of various pretresiwents of the sawdust, sdmixtures
to the meterial, and ouring conditions were siudied snd corpered se to their
effect on the trenoverase strength end herdness of the set and cured product,

(43)
 Introduotion end Historicalt Since industry is constently lecking for ner snd

better building poterialn, 1t 1o quite recssonable thet portlend corentesswiust
sixtures should be investignted, The theoretics)l objective of such an investiw
gation would be %o produce & malerial which would corbine %o sdventage the
propertien of wood end cerent {,e, cheapmess, lighiness, ease of working,
tensile strength, low thermsl conduetivity, sbility to take and hold nails,

snd resistance to vibration snd impact, The source of rew materisls for su?h
& product would bs almost 1imitless, since cement is produced on s lerge scale
snd sinee sawinst is resdily aveilable in trerendens quantities,

The use of sswdust with verious binders is not a new idea. Crouwnd wood
wes used in pottery in ancient Arsbla, The prectice of adding sswdust to
plaster for use in walls, roofs, ebe, hes been used for some tiwe by the
Europesns. The addition of sswiwet to portar for stuceoing fronte of houses
has found scesptance in Averics,

The use of sawdust se en sggrescte for porklend mtdambnkat/
least to the begimming of this century, During the last war cement-sswdunt
rixtures vere used for fabricsting walls of huts, foor finishes, lining
roofs snd other minor uses,

Theoreticelt Fortlend cement-sewdust miztures sve, as the nawve lmplies,
fundaventally somposed of mixtures of portland cerent snd sawiust, However,




SECTIOR IX

products made sivply by combining portland cemwent, sewdust, snd sufficlent
srownt of water for resction sre in generel not ssiisfectory, being wesk,
noneuniform, and hoxd S0 remase, These pdverse properties have been
attributed to & nunber of csuses, Tamnic seid 1z known to be detrirental
to cement, Thus tarning and tennie acid in wood might be expected to be s
hareful fector, Sugars are known Lo have sdverse effec's on the setbing
of cement snd likewise sther soluble cerbohydrates in cement right alse be
injurious, It is poseible that wood mey exhibit a buffering action on the
sarly steges of alkali formetion and alter the setting setion of the coment
when water is first sdded, In certein inetences aroretic oils present in
tirber sight affect the hydretion of the cevent,

Two gensrel trestrents have been devised to rinimize the sbove mentioned
effects and produce o gounder profuct. These are (1) pretreatwent of the
sawdnet and () adwixture to the comentesamdust mixtures,

Memuimlﬂnpnmmwmmtabmnmm
several catesories, tmuummlmwhmunnms

(1) Treatrent invelving pertial exidation of the wood (including
partial chsreing),
(2) Treatwent designed to waberproof the sawdust and thus prevent
solvent sction,
(3) Treatwent designed to meutrelizs with slkali, o precipitate
tannates or to trest with sulfstes,
According to Farker this lotter treatrent (item 3) has been the vost success—
fu) snd this breateent was wsed 8¢ & basis for further study, Parker suggeste
the following procedure for pretrestwent of the sswdust as under iiem 3 above!
Spdling the sawdust in weter
Draining end washing with water
Reboiling with & solutdon of ferrous sulfate in water,



SEOTICON 1X

Boiling the sswdust with water serves to extmmct soms soluble metertsls

Qolln wmm.mmmmmwmmmmuwmm
tillation, The addition of ferrouvs sulfste serves to precipitate tenning as
ferric tarmste (om oxidetion),

Frocessis involving admixture to the cement generally consist of
sccelersting the setling of cerent so that the weschsnlem of »ﬂmfﬂr et
under way before the harmful effects of dissolved mhsham ete, from the
wood have opportunity le sot,

Eaperimentalt The study of sewivst-sevent riviures vas bazed on cbservetions
of the products fowmed by the 'wo treatments cutlined sdove, namely (1) pre-
trestment of the sawduet and (2) sdmizture Lo the coment-sawdust wixture,
mzwmwmmummmummmm¢
mm»mmmm;mmmmmwmmmm
dust (pretreated or maw) with the dry cement and advixtuve (if dry), This
was done in a 600 »l. besker, stirring being done by hand with » swall round
m.unm:vmmmmgxmmwmmunm. “hen the
dry waterial had been mixed, waler fror sn sviometic buret plus sny other
liquid sdditions vere added, The mivture was thoveughly stirved for ove or
two rinutes and wes then poured into a standard rold formdng a briquette
MI‘. Mmmmmnw»mmu fire. The briquette was then

removed frorm the mold, stored for curing, and sent to the Cntskill laboretories

of the North American Cament Corporetion for testing,
mm‘wmmtmwmmmmmm Serveral
unsucoessful sblerple were made in forwing briouettes bessuse of the tendency
of the set briguetie %o atick %o the raterial (glavs) used s the base of
the rold, This dAfficulty wes solved by ueing the fallowing procetures 4
plece of wet cellophens Was stretohed smoothly over a piece of glass plate

16



approxiretely 10" by L%, The weld, which was open on the tep end bobtow, wes

well gressed with vassline on a2ll portions cordng in contact with the cement

and vas placed on the cellophane in the center of the plate, The cellophane

on drying shyunk slightly, forming & herd, very srooth bese for the »old. ¥For
had becope fire the rold was reroved end the briguelte, #t1)1 on the cellophane
and plate wes allowed to set thoroughly before il was reroved, The neceseily
of vemoving the mold froe the unset sewple, due to the swell supber of molds

avsilsble, made this specis] procedure necessary sincs s swall arount of serple
sticking to the xeld on vewovs]l would ruin the bricuette for shear tests, This
procedure wes sbout ninety percent successful,

The sothod of bofling and weahing the sswdust was as follows, The saw-
dust wee placed with an excess of water in a five liter reund bottem flask
which was placed off center over & gas “Ymrner g0 thet hest wos nob evenly die~-
tributed over the botton of the flask, This umewen hesting caused convection
currente to rapidly spim the sawdust in the flask, thereby preventing the
sewdust fror burning, allowing ruch more sawdust to he trested at once, and
sosuring equal Sreatment for all portions of the molerials After a given
tiwe the mizture of sawdust and wabter was revoved frow the heat snd wae
poured inte o lerge cloth bag suspended in a sink below two fauests, The
fanecets were then tumed on full foree, chuming up the sewdust in the bag
and thoroughly weshing the weterial, Yashing could be contirued in this
rerner for long perieds with 1ittle sttention,

~ The following rethods of trestwent of the sawminst before rixing with
coent were evployed:

1. The sewdust wee used raw i,e, e 1% cove frow the Jusrberyerd, Raw
sawduat wes nob competible with cerent in sirple cement- sewdust weter yestes,
The freshly rede rateria]l was vneven in texture snd hard to hendle. Consider-

ofl



SECTION 1T

sble patience wes requived to properly fill e rold with this material, After
weshing, 0,50% of yaw sawinst revained,

2. The sawdust was boiled in weter for ome hour, washed and dried, The
hot water drained fron the sawdust wes coloved & light browmm end on eveporation
left & poamy waterial., OUn boiling, the stear frow the flask hod a fregrent
odor indicating that some olld ete, were probably being stesr distilled inte
the atwosphere, The purpose of this procednure as rentionsd before wes to
dissolve solnble ssrbonates, ete, and verove sove volatile meterisl.

3., The sawduet was extrected with scetone, The meterisl wes placed in
& Sexhlet extvactor vhioh wss opersted for one honr at which tire no rove
colored rebtorisl was being extrocted from the sawiust, The acetone becare
yellowish brown after & few minutes of cperstion. A gquentitative determin-
ation in which welghed rew sewdust was extrscted with scetone for one hour
reroving all soluble colored material, then was extrscied for another hour wilh
fresh aceteme (ro chenge visidle), dried and rewelghed, indicoled that 2,8% by
waight of dry rew sawdust wus extrected, The purpose of extracting the sawdusd
with scetone was to rerove organic preduots not seluble in waber but seluble in
an orgenic solvent,

Le The sswiust was boiled in weler one hour snd washed se in (2), them
boiled in sn slectrolyte sclution (shour 200 g, electrolyte per liter) for one
hour, thorveughly washed agein snd dried. The purpose of this procedure wes to
repct gsove of the sdverse woterisls cherionlly and render ther hsraless, This
process wes intended prineipally te elivinste the deleterions effects of the
tennctes, The following electrolvtes were umed:

8¢ Forrons sulfate - the sawdust after trestrent retained 2 Lrown color.

be Vangamous chloride = the smwiuet «fter trestwent ret:ined a faint
brown tinge,

ce Cupric sulfete - the sewdust after trestment retained s light browm
aolor,



SRoTION 1T

dy Lead acatote « the somiust after trentrent retained an orange
colors & clondiness was noticed when the solubion of lead
 acetate was mode up weing tapwster, This wes probebly due o
precipitation of carbonates This precipitate probedly ressined
in tho treated sswdusi,

. Potessiun dichromate - the sawhist after treatvent retained a
dark brown color, possibly from partis) exidetion,

£, Sodium silicate = the sawdust after trestment reteined an
orenge oolor, After ashing 1,3% by weight of the dry trested
 sawdust vevained, (wee 1)

g» Sodiue tydroxide « the sowdust efter treatwent reteined an
orange color, After sshing 2,00 by weight of the drisd treated
sewdust rermined, (sec 1)

h, Ferrie chloride w the sawdust sfber Lrestrent retained a dark
brown colows £fer ashing 1,08 by welght of the dried treated
serdvst versdned, (see 1) The ash was voluminous and bright,

Adrixtures o the cement - sawdust wixtures were varlsd but special
attention was peld um:uummmmmmmmwm. tm
mmmmmmm&%nﬁm M,

4162y, NagS03, NagS0), KyFe (0)6, end povered sifur, Of pertieular
mmnmm&udﬁnMnmww)
consiating of Cally 18,2, A101y 5,5, Fally 0,13, Re02, !l.t. ¥aCl 1,0 goy
“umwmmu. Thie solution and othsr scocleretors te a lesser
. degres when added ceused a remsrkable change in the physies] nature of the
in oolor, and weight, and many times casier to hendle and wold,

i3



TAMIE X

Gementt  Cataki)) regnlar portland cerenmt
Cowdust? Series "IA" gng "M . principelly pine sawdust
Beries “XC® = 8 rixbure of pine and osk sewdust pagced through
& no, 10 sieve to verove cosrse chunks of woed, 3

The mixtures are given in terms of volume ration of congtituents, one
part by volure equaling 19,9 s,

The following tabulation gives the composition and various
data for the 130 gamples prepared for teeting, The tests on the
transverse strength and hardness wers made by the North Amarican
Cement Corporation laboratoriss at Catekill, N.X,
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Tmt. of
Spaple Ceme Saw. Npter. Sawdush
¥ 1 10 10 5.8 rew
2 8 8 Lha *
F {28 :
7 g 85 K3 °
§ ¢ 0 ha
1 8 8 L3 acetone
2 8 8 39 "
B 5 W 3T T
i1 8 8 #
18 g 10 hes ¢
19 g 10 Lé raw
20 € 310 3.5 *
22 £ 10 i.i .
2§ . o7 mostons
20 g 10 Cle Qola
26 L 12 &, ascetone
27 L 12 5. ¥Cla sel,
28 L 12 L. rew
30 E 12 LheS Ynllp sol,
n 5 10 3 . »
32 5 3T rEw
33 g 30 3.7 "
3k ¢ 20 bt ¥
i 1 g 10 g.l :
2 10 ol
3 § 10 -lué‘ CuB0y,
k 8 8 "
6 L 12 .6 Ll
T 5 10 lu5 Maz
-8 h 12 L9 »
9 5 10 kLot acetone
10 5 10 lho !Mug ‘
12 Lk 8 La Acetone
? 154 %
16 g 10 3.8 "
17 i 12 AT bt
18 5 10 2,2 .
19 b 12 3.2 .
20 5 10 3.2 VeSO
21 g 10 2. .
22 E 32 Lhat ¢

Aeo,

67

1.0

1,0
1.0
67

1.0
1.0
1.0
2,0
e

«25

«03
1.0
ko0

1.0

1.0
1.0

1,0

Type of

mixed chl ,

rixed c¢hl,
W u

solid CaClp

rixed chl,
# w

mixed chl,
# "

“ "
cicip v

L L

Y
E

g

vixed chl,
wood {lour
mixed chl.
rixed chl,

rixed ohl,
n "

(1) Pounds vequired for failure scress a 3" spen.

(2) Total load on a 1" X 2" surface,

Trensve (1)

: (7]
35855288 sBsusubsEl B s83asuszssissEalEiRusss E

- (2)

1£



Treat, of Transv,

Sampls Seme Sawe Taler Sewivet .A....m Srength Fapdnesy

X8 2y s 10 Lai  acetone 933 NH, CUS 100 2160
25 g 10 3.0 ¢ 1,0 wimed chl, 120 2920
3 s o33 EECNS ]
26 g 10 XS W 1»?3 % ohl, 150 hoéo
: *
27 § .2 ® 1.0 »zixed ohl, 37 00
' A33 N, CNS | |
28 - o8 amm 1.0 Cel 8o 1480
29 5 30 b , 1.0  wolid Cel 90 - 1800
% S5 0 i wza«, 10 s21400 g 700
A 5§ W b3 N 10  selid Ged 50 1560
2 L 1 . 8b 2,0 @ Cally 10 1960
B b 12 LeS  CulCy ~ 33 A3 40 B0
% 5 10 302 Km0y 3 130 360
37 g 10 . EPORG W33 EFe (CH), 110 2500

Sewdust used in IC series is rmiwed, pine with osk,

1.0 wixed ohld,

4 4
“'%l‘l‘t
as

§

hel mostone

hal ®

L ®

3. ¢

32 waler glase 1,0 vixed ohl,

REREBEES e
WWIR WAL T Aavs © sy x:!. Miads
EEEEE S Y aalEEllalE Soe
o8
BEgEEEEEEEE3sE ey 5B

#Dlock app. defective,
. Sluped y darp chazber,
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sEoTI08 IX

TARIE IX
Trestrent of
Sgrple  Cowent  Sawdust sewdost Trans, 8%y  Hardness
01 8 8 raw 100 5260
¢ 30 8 8 acstone 1o k680
2 17 8 8 HagB10, 160 2400
e 29 8 8 lpO® 230 6700
%0 13 8 8 Felly 90 2080
X0 56 8 8 Kal¥pls 220 6860
X 7% 8 8 boiled weter 220 7560
w8 5 10 rew 20 500
»n ] 10 aostone 90 1500
% 18 7 10 TegB10, 10 2080
0 5 10 gl 150 2320
x¢ 60 5 10 KaltpOg 1m0 370
xc 8 g 10 beiling water o 2960
xC 6k b 12 Eg0Rg0y 100 1580
xc 83 b 12 boiling water 90 100

Table 1T gives certain date teken from tedle I rearrenged te show the
cosparative effestiveness of variovs pretresteents of sawdust withoud
advixture of electrolytes to the sesples. It is interesting to note that
one of the rost effective methods of pretrestment is slse the sivplest and
cheapest: nerely boiling the sawdust with weter snd weshing, The significnce
of this treatwent was not reslized untd) lste in the project and few serples
were wade, Treatment with potessium dichrovete i the rout bensficlal of the
sloctrolyte trestwents, being perheps s)ightly wore effective than trestrent
with bolled waters Tartial ewidution of the sawduast by the dichromate wight



SECTION IX

be & contributing fector %o strengths I was noted that the sewdust after
dichrorete treatrent was very dark in color, Trestzent with ferric ohloride
wos unique In that the product prevered exhibited less strength Lhan serrles
rade with the rew sswlusts Acetone extraction proved to be of little valves
¥ith the exoeption of ferric chloride, treetrent with electrolytes produced

2 stronger product than was obiained with raw sewdust but in cenersl the
mmxmnm-mamzmzm»mmmwmgm
only, Since Voiling with water prececded treatwent with sloctrolybes, the
effect of the elactrolytes (ewcluding potessium dichromate) is not adventagescus
to the strength of the product, |

TABIZ 31X

(Sawdust extracted with acetone)
Sarple Corent Sewdust Mdriwt, !m” Hardness
X9 3 10 0403 0504 80 1640
1B 32 k 8 L0 wood floue 80 1760
1 2 g 1 0,33 FHycns 100 2160
xn 5 10 50 1500

%0 13 3 10 1.0 mixed ‘
| 120 2500
iC 28 g 10 140 pdy Call o 1580
X0 gy 5 10 1.0 TagSt)10H,0 80 100
1C 68 10 1,0 pwd, 8 110 2100

Table III liets some data taken from table I comparing the effect of
seversl adeixtures on scetone treated sewdust, By far the vost effective
adrixture for producing strengih was Brocsrd's five chloride sixture, Accelers
ators are most effective in inoreasing strength, Cerdain other substances are

I



3 SECTION IX

heneficia) such as sulfur, |
Dewp suring the two bloeks (X° 21, 21) had a considereble effwct in ine
erensing the sirength of the sarples.

Soymmryt As & resnld of test on the transverse strengih and hardness of
130 sarples of comsnt = sawdnst wixtures, the following rapdeconcludedt

1. Tnoorporstion of sewdust with cement decrsases the demsity
of the product and slso merkedly decresses the strength,

2, ¥ixtures 111 by volume of carent and sawdust were reansonably
strongs wixtures 142 were considerably weskery wixtures 113 needed accelerators
to have arpreciable strangthy and pidxtures 1th were almost useless,

3. Pretrestrent of sewivat 1is desiredle, The rost effective
trestment s slwply t0 Yoll the sswivet with wyler and wash, XAcetons exw
traction hag 1ittle benefit, .th% of sewdust with & beliling
potassium ddchvorate soludion after & prelisinsry boiling with water gives a
811kt ineresse in strength, Doiling the sowdust with other electrolytes
does ot seem te be helpful, Botling with fervie chloride hes definite
deletoriovs effectn.

ke Addidion of aceelersting sgente to the mixture rakes the
froohly prepered wateriel such sasier to handle and rrestly inereasés the
sirength of the finsl predust, Of the socelsmators tested, Brocani's five
chlorids mixture is most offective, |

and tensile strencth are not required, The meterial wight serve as n chesp
£11ler or insulsting meterial, The best preparation s to combine sawhust
which has beenboiled with water, with cerent, water and Broesvd's five chleride
rixture, The product exhibits a transverse strength of the order of 2L0 and
the hardness of the onder of 7000,

a0
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(1) Johmsem and Oraft The Propariiss of Conent = Suwdust Norterw, Plats,
Station, Oregon State Agricaltural College, Corvallisy
Bulletin Sertes Yo, 3, Septesber, 1930,

(2) Tibbard, Emebt The Thilismtion of Vood Yeste, lendon, Seott

(3) Parker, T, Oherdstey and Tndustry, W&rw. 1947 Pages 593=596,
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SECTICN IIT

The Effact of Soluble Corpounds op Portland Cement

Avstract? The effects of & mmber of soluble substances on portland cement
are obaerved, The sctiom of hydroshloric acid on cerent is studied in detail
and discussed,

Introductiont In an effert o discover new uses for portland cesent as o
cormereial product, 1% was decided ‘o study the effects of various soluble sube
gtances on cement, concentraiing on those rescents which tend to produce o
gelatinove product, One objective of such a etudy would be %o see 4f a
portland cement product comld be developed which would exhibit adhesive
Wi&uﬁm&ﬂmuo'ﬂm’fw:ﬁuﬁgn&ﬂﬂun&uﬂ.ﬁ.
W rlass, petal, wood ete, Another ohisetive of & study of chemdeal
m%.mdmtmw»«hm»uWﬂwﬁgMMuoua
chemics] rearent in preparing useful productes
umm-immmmuhmuuu;hmwxmum
waterepastes were stodied, This fnvestizstion was based on findings by Brown'l)
in his study of volume changes csused by the action of electrolytes on eement,
The electrolytes were vsed in comcentration which Brown found to give the greatest
inoresse in voluwe %0 & given weight of cement, MWMW.M
affects of other prorising substances were investigated,
mmmmwnmw %ﬁmm.m
(sodivm sadt of -«Wmmsnmum mu),'alm!m mmu; temlum;
potaspium forrecyunide, ethylene yiveol, glycerel, mmmmb; scid and
nitrié sold,

Experiventalt The effect of moluble substances on portlsnd cement wss firet

g



SBECTICN IXI

studied by mixing cement with a pﬂi@r golution for a period of tiwe and
ohaarving the nature of the raste forved, In order to do this it wes necessary
o seb up a precticel meens of wixing, This was firet stiewpled by wixing the
“sgment, paste 1n an opon besker with electrically driven paddle, To facilitate
M,mwm&mmmmwﬂ‘mnmm
platform, This was sn fmmediste failure becsuse the paste scon set and stalled
the motor, The next prodedure wes to exploy the sawe device but to atbempt %o
glow the time of set by prevending eveporation of water, To accomplish this
the surface of the paste was contimually subjected do s streew of water
saturated nitrogen obtained by passing nitrogen frow a tank through two
Malligen res abserbing botiles £i1led with water, This second method was an
 {mprovement bul was not setisfnctory.ssd-wes The procedure finally used,
Inis consisted in putting the cement and soluiion in eight cunce as hottles along
with three or four gless varbles, stoppering the bottles firdy with robber
stoppers ond placing the stoppered bottles on & tell mill where the bottles
were rapidly tummed esusing the marbles %o contimually aretate the mixbures,
¥ixing could be continued in this wgmner for long periods of time without
attention, With & few exceptions the cerent yeste did mot set while belng sgitated
on the hall mille _

A% the beginning of esch run, 20 grars of cement snd 30 xl, of water
were rlaced in the bottles, As the mixture grew thick sea)) sdditions of water
were made o keep the consistercy st a point where mixing by the marbles would
84111 be effectives |

Unfortunately, no startling resulis were obtained with mixtures veacted in
this wanner ab room terperature, l@huiww«npﬁ glase, and metel were
slrogt covplete fallures, Une signifiomnt cbservation was thet with all the
mwmmnmmmumammuma;




Since lenzthy resction (up to one vomth of contimued azitatien) at

mmw- fatled 0 yield much sipmifiomnt information, resctions et

elevated tempersiures were studied, The action of seversl salts om portlend
coment were observed at clevated tempereture (ghout 2009C) but here again no
wwmnmmm, ha!!mlw&mtu!hammt
vhich would slter the physiss) properiies of portland sevent paste, the effects
of winersl scids were studied, On mddition of 100 ml, of 3¥ hydrochloric acld
te 10 prams of portlend cementy & meries of significant changes was noticed

~ on appliention of heats The gray slurry of cevent and water tumed brishi

YQ“1\Y

yellow and pe trace of dark osloretion v davk residue ressined, The solution wos
scidie, After bolling for one hour & flocevlend precipitate started to form
which alowly grew in volume, amrm-wmwmumtm;m
sixture wes alowed to coo) sver night, Afber scbling, the product foreed o
yollow Jollyjwes removed from the flask, jlased on the vat of a Piichner
funnel, and thoroughly washed with g dilute hypdrochlorie seld solutisn, The
yellow color diseppesved lesving a vhite serisolid materisl which proved te
be silicagels

& quantitative study of sarples of 100 s, medd and 10 grans of cement
at room tempereture showed that for comcentrations of aeld below tws molar
the serple was beste and sclored dark grey snd for sencentratisns sbove two
mmmmmummum At a concentration
-:mmmmummmmmm (p¥ 7) and offewhite in
eolor, If this is taken as an “equivalence point" for the action of hydrechloris
acid on cement, the "squivalent weight® of portland cement wonld be abeus 50
grens, An snalysis of the silics gel obtained from the cement showed thet 21,9
percent by welght of the coment wae removed as silics by the hydrechloric scid
trontment, (Sxcess of hydrochloric gedd was used)
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SECTION IIX

- It was found that the orange color imparted to th:a cement by hydrochlorie
acid showed several peculiarities, As mﬁmnd sbove, the yellow color was
easily washed out of the gel formed from the action of 3X acid, Howsver, this
was not the case with the yellow gel formed with 2}¥ acid, In this case the
eolor could be removed neithar Wy washing with water nor by boiling the yellow
gel with water. The removal of the yellow coloration seemed to be dependent on
the pH of the solution, '

Tests with concentration nitric acid on portland cement showed resulis
siriliar to those observed with hydrochloric acid except that the gel wae initially
white instead of yellow,

Discussion of Resultst Since observatdions on the sciioms of various soluble
compounds on Mnul cement were not conclusive except for the sction of
rineral scids, this section will be limited to a discussion of the action of
rineral acids. ’

Cerent is known to contain silica in the form of silicates, tricaleiym
silicate being an important constituent of cerent, The action of the mineral
uewumtmhthmhhw to occurt

3 0o0aS40p 4 6H'S 304" 4 38,043 51 Op(ged)

TABIE IV
Typical analysis of Catekill regular portland cement, (Percent by weight)
510y 23,50
41504 Le60
Fea03 3.10
Cad | 6lis50
¥g0 2,02



SECTION IIT

Table IV (con't)
303 1.35

Loss on ignition . 0450

iable IV gives information furndished by the North American Cement
Corporation for the chemical analysis of & typical sample of Catskill regular
portland cement, Silica is present in this cement to the extent ef 23,50
percont, Hydrochloriec acid treatment removed 21,9 percent of the cement as
silica in the form of silica gel indicating that removal of silica by this
method was about ninty three percent complete, With more elaborate procedure
the separation should be quantatative. ;

Since iren is present in cement as the oxide, the yellow color &» given
to the gel by the action of excess hydrochloric acid is unduobtedly due to
the formation of ferric chloride which is yellow itself, This is in agroement
with the fact that with nitric acid no color was observed, ferric nitrate being
colorless.

As noted before, when 100 ml. of 3¥ hydrechlorie acid was added to 10
grams of cement & yellow gel was formed in which the yellow color was
removed by washing the gel with very dilute hydrochlorie aeid, The yellow in
this case was undoubtedly due to the formation of ferrie chiloride which is
readily scluble in water and would be expected to wash cut easily. On the other
hand, this seme treatment, differing omly in that 2} M hydrochlorie aeid was
used instead of 3M, produced a similar appearing yellow gel in which the colored
material wes not removed at all by washing. In the presence of excess hydro-
chloric acid as in the firet case there would be sufficient acid to react with
all the lime ete. in cement and enough chloride left to keep the irem in the
condition of free ferrde ion i,e, ferric chleride. However, in the second case
it might be postulated that the hydrochloriec aeid also formed ferrie chloride

- : {over)
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SECTION III
part of the reaction but as the reaction progressed the basic constitnents ..
of the cement used up sufficient acid to cause the ferric chloride to revert
to ferric oxide which “being insoluble, was held in physical combination with
the gel. i
A silica-ferric oxide gel seemingly similar to the product described above

(2)

was prepared and investigated by Holmes and Andarqon, % Homles, Sullivan, and

lﬁetcalffz 2nd Holmes and Eldar.(h) Hmrmr; thelr gels were prepared directly
from sodium silicate and ferric chloride, FHolmes and Andorson; after preparing
the silica~ferric oxide gel allowed the product to dry and then washed out the
ferric ox:}do from the silica with dilute hydrochloric acid., Vhen dried and
activated, this latter product was found to contain all the capillaries

expected from the removal of water and in addition a network of larger
capillaries due to the removal of the ferric oxide. Holmes, Sullivm_; and Metcalf
describe in more detail treatment of the gel after dissolving the ferric oxide,
Holmes and Elder state that such porous silica gel has found use in industrial
processes in removal of sulfur compounds (and colored compounds) from

petroleun, resovery of gasoline from still gases, and ?onncno from coke and
oven gases, drying_ of air, oxygen, chlorine, acetylene, ethylene, carbon dioxido;
and sulfur dioxide, and as a carrier for catalysts and a good adsorbent in
taking up vapor in the vacuum refrigeration process,

It is possible that this mixed gel containing silica, ferrie oxido; (and
probably sluminum oxide also) might find satisfactory use as a catalyst for
vapor phase catalytic cracking of petroleum hydrocarbons where similar compositions
have been successfully used, (53‘637!8) If satisf;etory; 2 gel produced in this
ranner would be advantageous in that it would be cheap and easy to prepare in
large or small quantities. Hydrated silica and hydrated ferric exide rcpreaont.l
acids and base respectively and the silica-ferric oxide gel might be an
interesting udwrbont‘from this standpoint,
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SECTION IV

Fixtures of Portland Cerent and latex

Avstractt The nature of latex is briefly discussed, Studies on the cosgulation
of latex by portlend cerent indicate that sutusl cosguletion of miuly
charged particles seens %o be the principsl cause of cosgulation,

Introductiont The study of eixtnres incorporsting latex with portland cement

is & corparatively recent teple in the m-tmm of exterded uses for cewvent,
mmmumuwm'mmzuammmwmw

lact twonty yvears as is shown %y the patent references for cementelatex corpositions,
The patent refevences indicate that the Eritish are leaders in this fileld, Uses
have besn patented for cemmbelatex mixtures in flooring compositians' #28795"
&.&;93 Migiusy Sty (z,a.s); colt erventng VIE. i it sty

and molded srticles (9)

latex (10) 45 & witky fludd obtained from certetn trees by cutting out a
pection of bark and collecting the exvded viscous fuild, latex, The princicel
souree of latex in the tropieal tree "Heves brasilierus® grown in Dresil,
Yalays, and the Puteh Bpst Indies, Native latex is an acueous suspsnsion of
mibber hydrocarbons with & particle size in the range of 8,9 o 3,0 microns
in diaveter, The suspension consiste of about 3% percent by welght of hydro-
m,am‘mwmum.mm:mum;mn,m
inorgenic salts, The stability of the suspension is sbrongly affected by the
pls  The suspension is stable at high or low pif values but is wnstedble in the
renge of about pii6 to pilly Above the isoelectrie point (which is approxivately
pili,S to pila8) the particles bear s negative charge and below the isoslestrie
point the charze i3 reversed, Freshly collected latex has o pH of about 7 and
is stable but on exposure to air, coagulstion bakes place in a few hours due

to the lowering of the pH by bacterisl setion. Thus in omder to preserve
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SECTION Iv

latex as & stable suepension 1% umwmummum;gm. For
this purpose alkaline materisls such as bormx, sedium or potassive hydroxide
may be gdded to prevent this acid bacterial sctiion, Uowever, 0,5 %o 1 percent
by welcht of srmonis has becn found to be the moedt suiteble stabilising agent,
For the successful nse of latex with cement sdditional stabilising ine
gredianis are 2lse necessary, Ztabilising sgents which have been patented for
use with Jatemwcemsnt compositions includet metaphosphoric acid foms (3%
S0AANE Lgvyones mm) casetn (A2A3,0) o) A2,13) 1 gpun 7(12023)

m(k)‘ caushic nh“"”‘ and alkeli umum", It has slso been found

that vulesnising agents for the latex ave often desirable, (7#13:11,15,16,17)s
The opportunities for resesrch on cemenielstex comporitions are meny,
Bince & search of the literature foiled to show thet any investipstion had been
uummmmwmmmmumnma on latex
mmmu&mmn this topic was selected for further study,

Wuxl In this investigation of the eause of comgulation of latex by

mmumrmhumammmxpm«:m

Borth Americen Cement Corporation and amronia stabiliged latex semple HC 356

hmm.M.”é?Wmuwmwmmmwun

weed, :
u.puzwuvmm,pmmmmmnmmm

~ directly, This resulted in the formation of o sphericsl shaped rubbery mess

which, allowed to stand for & few deys proved to consist of swall Yumps of

cement held loosely bebtween sheets of rubber, Then the wubbery rmes was deformed,

coarse particles of cenent fel) from the meterisl, The product was wesk end
heterogensous in composition,
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Wext, a quantitative determination of the cosgulating effect of cement
on latex was mede, &n acourately welshed sarple of about one grem of latex
wae dlluted with 50,0 wl, of distilied water, The diluted latex stronely
resonbled silk in ooler and opaeity. Vith constant etirring, diy cemen: was
slowly added to the dfluted lsbex wsti) all the latex had boen soarvisted by
the covent, Cosgulation was presuwed to be covplets when the filirate of the
supernatant Yiquid becaws clear. It was found that sbout 12,8 grass of sewent
was mfficlent for congulation of 1,00 gram of latex frew sarple NC 396, These
experirents clearly showed that addidional stabilimers as necessary if a .
worksble product iz to be ohlained, ‘

As an Yypothesis for the ceuse of the seagulation of the k tex by the
ecevent, it was proposed that mnmmym resulting from the solution of
mmxmmctmmmmnymmmmmmnﬁ.
were reaponsible for cosgulatimg the lstex sol, This hypothesis is in accordance
with the Sehults=ardy mle of coagulation m’umh states that the effective

. don in precipitetion of sols by slsctrolytes is the ion opposite in sizm to the

charge on the colleidel particles end that the precipitating power of the effective
ion inereases greatly with increased valenve of the lon, :
rommﬂmvwmmmwmwm
devised, A slurry was prepered of 100 g, of portland cement and 200 ml, of
d1s8411ed water, mﬂMWMWMMmuM
vmmmb’MM*m.mmmmwmmm&mM
2 fine fritted glass crueible, The final fltrate was perfectly clesr and had o
hgh pi (about 11)s The filtrate wes olowly sdded with constent stirring to a
mmm&hmmm'mmm of dintilled watews There was &
snall amount of cosgulatioh of the lptex but even whem a1 the filtmete had been

Mmu«uwlmmmmmummm.mum
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Tims 4t seems definite that electrolytic coagulstion is mot the principal
comtributing factor to the coagulation of latex Wy cement, The dissolved
cloctnw from slightly less tham 100 g, of cement failed to cause appreciable
coagulation of an amount of latex completely WM‘W 13 grars of cement,
Since the first hypothesis proved to be inedequate, it was proposed thab
mutual mgﬂtum by parbicles of opposite’ electrical charge was the cause
of the oenguhtm actiona From the literature Cm)’ latex at @ hch pH 1.9
axmonia stebilized, is uid to have a negative charge. Thsntm & simple
arrangement was set up to prove that this was true for the particular latex
sarple NG 356, |
A one gram sample was diluted with m. oramm.dnmmphm
in a 250 ul besker, Two polished platinum electrodes were inserted in the
 dilute latex and were conmected to » six volt storage battery, The effect
of the passage of current through the sol was Ohgerved, The @t&w
eloctrode (cathode) remsined perfoctly clean and shimy bub the positive
electrode (amode) s0on becawe covered with a white deposit of rubber, This
would seem to Mnh thet the latex particles were negatively chlmld.
However, ar exarination of the solution irredistely surrounding the anode
showed that thg pfl was considereblo lower than the wain body of the selutien,
This lower pH would be expected as o result of some electrolysis of the water gt
the anode by which the hydroxyl iom concentration is comsidersbly lessened
caneing a pH drop, ﬁmmlmxotthopﬂofamuiamwum
conrulation it was W‘ possible that the anodie m@ﬁm was & result
ummmmmrmmmno:mmmmmpmom.
Therefore, another armangerent was devised to deternine the chare on latex
perticles, A cell was fashioned from a microscope slide as shown in diagrem A,
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p/ alinum eleclrodes

Y
\J

cover g/ass Te P View

PR g
¥ rde View

DIAGEAN A

4 very dilute suspension was prepared (1 drep in 500 =), distilled water)s
sowe was placed in the depression of the slide and the cover plass was affixed,
The slide was placed on the siage of s microscope and the moverent of particles
in the coll was cbmerved, Uross 11lurina‘ion using a Tyndslloreter as & light
source enabled the movement of the near colloidal sised pariicles to be cbserved
as voving specke of light, Uninfluenoced by slesctrics) forces the particles
drifted sluggishly across the fisld (probably convestion effects), Dy means
ouzxmgmmumumummumhmmmmum
‘alectrodes, current was passed through the cell firet one way, then the other
as the polarity of the electrodes was reversed with the two way switch, Under
the influence of the electrical attraction the particles roved teward one elecirode,
(™he opticel reversal of motion in & wicroscope field wa ¢ taken into secount,)
Vhen the polarity of the electrodes was mwnd, the direction of the movement
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of the particles likewise reversed sharply, Repested ghservations showed thal

the particles were consisbently attracted toward positive electrode (anode)s

The sbruph change of direction of the particle on & change in electrede polarity

elirinetes the nquestionable effset of Mm!ﬁil. Thus in sgreement with the

litersture, the charze on the letex yerticles wos detersined %o be nezative,

An sttewpt %o deternine the charge on cement pertiscles by a sdriler expsrirent -

failed bossuse of interference by the rapid electrulysiz of the solviden, It

was found by fmpersing platinum electrodes in a suspension of fino cement particles
in @ beaker of water and conmecting thefelectrodes %o a six velt storage batiery
that the posiiive electrode remained perfectly clean while the negative slestrode

' goom becave coated with a grey waterisl (csmwent paridicles), This was taken ss

evidense that cewent purticles bear a positive charge,

Digengsion? hmbmu;vmuwmmt eossvlstion of the latex
by cement was caused by the effect of sleetrolytes was proven to be fncorrect,
The fact thet latex i stedle &t o high pH wight offer an explanstion for the
fatlure of the strongly dasic solntiém containing calefus fon to effact
cosgulation, Yrow the limited cbemervations outlined shove, there iz evidence
that the secend hypothesis comeerning mntusl ecagulation by oppositely
charged particles 18 valid, Tt 1g veldeved (19) trgt mutval congulation ts
caused by the wutual dlacharge of slectricity betwsen oppositely charged
partioles with subsquent agsionsvtdon of the perticles inte clups, Thus
posibively chamsed cesent particles in conbact with negatively charged latex
particles would effect in this wamner mutval discharge and agglomerstion,
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SEOTION V
CEMENT - PLASTIC COMPOSITIONS

Mogtractt Five samples of portland cement and slkyd resin are prepared
compared,

Totroductiont The incorpovation of synthetdc resins or ylastics in portland
cerent. cospositions was another stbenpt o expand the usefulness of portland
- ceweut, BSuch compositions mgm copliine to mw;a the properties of
cevent snd plastic eezs strength, flexibility, resistance to cherical aama,
cheapness, lighiness, ease of working, smz;nmmm.orwam
of Purther uses for portland cepent was limited, 1% was decided to study
conpositions of portland cepent with (1) alkyd resin end (2) an alkyd resin
modified with fatby acid,

Al¥yd resina(1) are condensstion products of polybesic acids or
anhydrides and polyhydric alcohols, hence the neme allyd (gloohol # acid =
elkyd), MMmmﬁmmummmm;
formed from the condensation of plycerel with phthalie anhydride snd this
was used in the study of portlend cement with alkyd resine,

The resinificstion process consista of the esterification of phthelic
arhydride end glycerol into s large three dimemsional structure, The mechaniew
of resinification hes been proposed by Carothers (2)to take the place in two
stages, First s linear polymer I is formed Dy esterification of the <=
hydvoxy groups of the glycerel, This 4s then followed by & crosslinking of
the chains through the esterification of the vemaining hydroxy group with phthali/
_anhydride to form the three demsnsional structure II,
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Myyd vesine sre offen modified in onter to give wm pmﬁM.
Typioal podifying agents are drying ind nomedeying ofls, fatty sclds, matursl
or synthetic resinge It was decided to study the effects of modification of
an alkyd vesin with a fatty scid, linolele acid, in cevent = plsstic
corpositions, Tesins wodified with fatty acids tend %o be more soluble and
nmm.. - ‘
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Experivental
Cerent « Flastic Sample & - A sarple of glyptal resin (3) was prepared by heating

a mixture of & nole of phthelic anhydride and 3 wle of¢lycercl, The sample
melted at 132°C gnd heating was continued with stiring for one kour at which

time the temperature was 1839C, To this mixture 37.9g. of portland cement was
added with thorough mixing and the resulting composition was poured m@p

. mold tc?oei. AMM for several days ﬂupmdncsmda*w, smooth
surfaced, very brittle, and slightly sticky, Dxarination of a cross section showed
the sample te be fairly wuniform in composition, _

Fry - Since the slight stickiness of sample A m&mm
hmlow resinification, & portion of sample A was baked in an oven at 15000
for two hours, The composition was t-hamx:lmtio and assuped the shape of the
container, On cooling, the product was hud, very brittle, and not sticky,
Humerous depressions were visible on the surface, |

= knother glyptel resin was prepared ss in sample A but
heating was contimued for two hours, lNore cerent (130gz.) was sdded to the

hot plastic than was added in sample A, Then cooled the product was hard,
brittle and wniform in cross section except for the ineclusion of a few air
bubbles, The composition was not sticky,

on of 8 804 © ~An attewpt vas vade to find further inforration on
the reaction of dissolving the plastic from the cerent with scetone, Three gram
sarples of B and C were each put in a test tube, 15 ml, of acetone was added to
cach, and the tubes wers Stoppered and shaken, Likewise plain cement and acetone
.m placed in a test tube which was stoppered and shaken, ummm
the test tubes yere corpared, The plain cement in acetone rerained the gray
 eolor ~:of.mw' ‘oement, Sample C with acetone was gray but sorewhat lichter
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in color. WIBﬁWM'w!wihlightinemrﬂwamm. The
three Lest tubes were then centifuged, The plain cevemt and acetone showed a
grey sediment, mhn'maumw.mmanmw.um
upper white layer. Sample C and acetons showed 2 sediment of a lower dark grey
and sn upper 1izht gray portion, The supernatant acetone was decsnied from the
sspples in the test tubes end frosh scetone was added, After one day the plain
mtm;mmhamum.mmmwmwum
particles, Sample 5 and acetone was very light gray, alwost eream colored with
cosrse particles, Semple C and acetons was light gray with coarse particles,
Copant = Plagtic Sarsde B ~ A sawple was prepared using an alkyd resin wodified
with the fatty acid, linoleic acid, 4 mixture of 27 g, phihalie anhydride,

15 g. mymus.xmm.mummmmmmm
utvh&o?:tim?htmtBumm. On cooling, the plastic was & horow
zeneous, olnr! dark brown vass which was very ctid_wmﬂ stringye To the
cosled portion, & psste of portland cement (150 g.), water and 2g, caleius
M.ummmmmmw;mm. The remulting
compositioh was heated in & 150°C oven for one hour %o further the pelymerisation
of the plastic, %M!M.Wmhﬂmm&dﬁmtonmmph
Nlm Mnm“kathviﬁhunmﬂmﬂumlu
A, B, and C were not, Mlontmwfms.aymh.ﬂ and © 4n that it
had & erurhly vether than & brittle nature,
Wahﬂﬁcmlnlmhmmmam-wﬁhumh 178,
nw.m.wmuwm-.mue.ma. In contrast %o the
Mmmmwm»ﬂmn\omhdthplmwn
sixed Sogether before veaction, Am.mnwmnmmuwm;'
ﬁnpmtm‘fmwwqhﬂmanrfau. It eonld epsily be
sarhied with o fingeroatl,’ Tumps of white satertaly Srin diasvtor, vere
dispersed through the mess, The sawples on being heated in a 1209C oven for
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five hours becare covered with a soft white waterisl but otherwise there
ssomed to b 11ttle effect, The semple was then heated in an oven st 160«
170% gor five hours, Ae a result of this heating the materisl locked and
fe1t pitohy snd was 1ight in weights On being cut open (with sore aiffioulty)
the interior was grey and £1led with cellular type air spaces, A& mmber B
nail was pounded into the sarple, The sample offered woderete resistance

%o the introduction of the nail end hung guite tensciously to the nail once
4% was in,

Discussiont »;mmu;dn.m@m;mmmmnme
mmmmsﬁmmmmwmmm-mgu
appears thet there was sore reaction between the cement snd plastic and that
mmmmmﬁumn.hmmummsnm
effect of soluble mubstences om portland cewent, the resction of cewent with
a soluble substence 18 genarelly charscterised by a lightening of color, The
fact that sarples & and D with scetone were ' ishter then plain cement is
indicative that some reaction occurred, ihe lighter color from sarple B indicates
further resction than in serple T, Mmﬂh?wnmmhﬁm
heated for & longer tire then serple C, However, the reaction of the cemend
does nob seer Yo e extensive in any case and the wain funetion of the cerent
1g probebly ae & filler, Sample E shows evidence that adding eement to the

| prelirinary product and having the cement set before heading cause a rarked
 ehange in the nature of the fina) sawple. The sir spaces are probably

the result of the action of ‘steaw from the excess water (on hesting) or from
the resction of phthalie meld with the basic constituents of cement, The
 ability of sarple E to take and to held mails is probably a result of the
porous nature of the produet,

Sumsayyt The results obtained fyom the preperstion of the five cemehteplastic
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5 SECTION ¥

mmmmtmammmmm;mmun
8llowed to form before addition of cerent, the product is dense and bHrittle
mmwumﬁmmmiahmmauuxnuatouuynm '
the resinification process begims, The latter composition is light, porons,
and more flexible, Nodification of the alkyd yesin with falty scid seers
to have 11ttle bemefit, coveing the materisl %o be wesk and cruwbly,
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