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FRUPERTIES OF CEMENT MIXES CONTAINTING HAPHTHALEN: SULFONATED POLYMERS COF

LIFFLRENY MOLECULAR WEIGHT

Introductien

Julfonakwd Haphthalene={armaldahyds
polymers ara the casnie maceclala for the
production of e class of suparplasticizers,
which are today axtenzlvely uaed tao
manufacture cement concrates and  RACLACE.
While a large amount aof work hak  been
devored to examine the proparcies of frash
and hardensd aoncreted conkalning
Jupecplasticizers  (1l.2). ralacively Iew
pAPEr3 have bean published Lo sxamine the
#ffect of supsrplasticiiers on the rchemical
chiYacuaprigtica of polymers and cement mixws
11=8].

This ipvestigation wam therafore

carr Led out in ordex ta coremlabe
parformances of ceument Aalxzes [lneluding
mOrcarel, with the physlco-chamical
charactarliskica °H <otent padAtea,

mafulactured with and without Lthe addltion
¢f Maghtalana baaed Jupsarpladtloliecs.

In parcicular rhe work wasgcarrisd out
With & bried of diffardne supayplascicizars
baned on sulfconated Nagphthalene, 1n ocder te
wvaluate the wffect of the polymer molecular
weight on the hydraclon of demsnt and the
performances of camint mixes,

Experimental

Matarials

Four wamples of aulfonizad Waphthalane
polymire of diffarsnt molacular waight wara
obtalned by a process deicribsd in an ather
wark 114, whetd the flaad ¢andensacion step
wad Majpkained for 2, 4, 10 and 14 hra
reapsetivaly, 4t 4 cempepatura of 1L2°C.

_ Tha Humbar Averagqe Moledulss Waigho
M1 af ocondensacad muperplagricizars was
deverminad by ule E-14 Gwl Formakt lon
Grymatcgraphy (f} and wpacific walues for
aach sample af polymer sz qiven in Table 1.

Table | Nymbar Average Molegyular Welght
18n)  of ditierenc samples of
condensated Maphthalens sullanske.

A Lyps [ ASTM Foccland cemant way
used, and its chemigal analyazio if quvan in
Tebla 4.

Table 1 Chemical #naly3iv of Porelang

[ 5AMPLE | CONDENSATION TLMX {hras] "n
F H 260
B 4 190
c 16 8o
D 14 640
‘-

gamant
w0
L.o.1. . l.:a |
2i0 I1l.05%
Aliél 3.20
Fe.Q .1z
Cla : 61,70
Mgo .75
Ha 0 &.20
| 4 2.17
55! 2 1.92
Blains tinensswn i1m /4ol 0.180
Tachniquaw

Polymes admerption, Ixka potential,
mininiump, heat wvolution rate, diifwrsnbial '
thecmoyravimgcry (0TC) were darried gut en
cement pastem {watar/cemant ratis w Q.40|
hydrated at 20°C by Follewing tha cwchnlques
descriped in pravious papars {(3.4F. Polymar
adsorpeion, zeta potenctial and minielusp
wera datmcmlned after 3 min af  nlxing,
Moywauvar ASTH (with anly 3 days] flow tablas,
alr-sntrainmant mesduCemnt And Codpraveive
wirungth ah mOT A LYEIT at e
imand/cavant ratio = J) were cacrled out at
& Tiven water/oement rcatic (0.45) or st s
givan flowabllity ([lew cona = TOR),

The superplasticizes dosagqe was 3.4%
of dry polymsr by waighr af cement.

Discuselon of resulLm

Flg.]l whowi ehe polymer asdworbsd on
cumant {by percencage of tha sriginal emauft
af palymer) as & Functlon of 1ts, Numbar
Molecular Weigne (Ra). By incrwasiag Fn the
polymer adsorption  incraasas  op O 1ok
peyand an Pn valus of abogt SO0 4o seend
that thars ia no slgnificant Increass Lm the
polymar adRorptinn.
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1 Muarption of KWaphthalens wulfonats
Palymers on camunr parte 43 & fenction
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Zet4 potentlal of cement pastow with
#nd withgut Haphthalene polymtcs of
ifferant Molecutar Weight (Ha},

[N

A Slmilec trand wam recorced for cha
tECA potential ve Mo ocucve (flg. 21. Almg un
this  case 1t sgems  that there 12 g
Subptautisl Lncrdezs in feta perential for
Mn values nigher than 600.

Figure 1 shews cthat thy fluidifying
®ffect of the polymer Lncrvaven by
inczeasing the polymar P valus. Alsg in
thld cesa it imems Lhar tha effece dass not
tubstantially chaage with palymars heving Nn
v4lug higher than aboue 6Q0.

CONTROL MiX

o 200 400 800 800
MOLECULAR WEIGHT (Win)

Fig.1 Minlelump of cament FABLEN prepared
with and without agdieion  of
MWaphthaleane polymers of diffmrenc
Halecular Waight (Fn}.

Curvem of heat evolution rate as ]
function &f hydration time WP 0 14 hrs with
and without dupsrplasticiasars acy shawn in
Fig. 4. In the presence of those admizturss
bokh  the {nductien period and the tima
corrdupanding ta the meximum ip cne heat
WUolutlon curve are increamed with refpace
to the control Alx without admikture. Thia
indicates 4 ratarding ef fact of tha polymer
on the #arly cemanc hydration. The highar
the polymar Bn value, the more gffactive the
trtarding actlen of cha polymer.

In order to ocbuain moce antorma
tien
aboue the wffect of Ehe FOlyPur on cthe
cement Nydration, cthe percancage af CaldH}
Produced from & hra o 23 day1  wai

P, Baglle, 5- Magilnl, P Ferrari and M. Collepards . . 1

detarmined by UG (Tabla 1. ke 8 hry the
parcentege of CalQH) decradbes  in the
prazance of palysars H':.llh reapect of control
mix. The hhghar the polymer Fn value. the
more s!factiva i3 the retarding sccion o
the sarly campent hydratlen, thus confirming
+ha rewulte cbeainad by the calocisacrcy
twchnigua [FLg. &), ©On the other hand, at
Longer ages, 3uch ap a4 1 and 24 days, the
polymar addikion lncrehidd tha cament
hydration deqree and tha affeact becomas mosa
remarishley by incrassing  the moleculac
WA lght of Lhe palymer.

Table 1} CalOKi, (% by waight of anhydTous
comnt} in pastaR Cured wicth and
without HKaphthalens polymars  of
diffarent Malescular Wesghe [Fal

MOLECULAR WEIGHT CllOHl: ihw]  aftwr:
OF ROLYMER
| #n § hrs  day Tdays iBdaya
CESHTROL 1.9 7.1 9.0 10.%2
160 1.8 t.E T.%5 1l0.7
Pyl 1.7 6.4 10,% 11.2
480 1.8 6.7 11.e 1i.1
540 1.5 6.8 17,0 1%3.d
1

HEAT
(arbitrary unit)

ThE  (hours)

Flg.4 Heak avolution curvem of cemant
pascter with and wichout addicion of
naphthalana sulfonats polymers of
diffecane Molacular Weight UHn).

Table 4 and % show the rasults an
Moctaze at g ghyen w/o ratilé and at & qlums
flovwability ewspectivaly. For the testa ap g
given W/e  ratio, cha  wsuperpladticlzer
addition causas an  ipocresrd bn iR flge
tahie of rha mortar. The fluldifyiog ef{ger
increames by increasing the  polymaes T,
value., On the other hand thk Dolymegp
additlon cauess an Locredse  Da the alc-
mntralnmane. This effect 13 ACCATSET Wigh
the polymer having Hn valoe of 220. tb would
sewn that the alr-sntrainment JECTEAASE With
the moleculer walght af LR polymar ang
inccessw with tha fluldity of the marear, po
that the highast incréaae inm  the abr-
antralrmant L chuddd by the polymer with un
intarmediste Bn valus such as 330 in ehe
preasnt work. BAwcause of tha high ancressg
in the alg-sntfainmant, cha wtrengths of
morcars with polysars having Mo values of
750 and 290 are !lower than che stoengeh of
the plain mortar, in spitw of & higher
camanc hydration degress at T and 218 dayi of
the superplasticizsd cement MLELE  wWith
raspwct to the contrel mix (Table 20, For
thte palymers witn Fn of 400 and 640 causing
4 loWer increase in ethe air-entrainment, che
atrengrh of the suparplasticized martars at
latar agus (1 and B days} are slighely
higher then the qontrol mortar.

Table 4 Characcaristics af martars (watar/
camant + 0.4%; #andfcement = 1)
prapared With and without
Maphthalend 3Julfonace palymecre uf
ALICarant Molwgular Welght i(Mnj.
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the affeck ol the palymer Mn value oa
the i =entrahhmEnt L] Supacplagt lgized
MIzkars appwars Sladrar 10 ERE Ladky At 4
gives Clowability [(Table 31, In thiaz gass
tha wnéreass in tha 4l volune gaysed By the
tuperplasgticizer decreasan by inegeasing che
palysar Mn value from 280 o 544, The
incredaw in sefength {8 ramarkebla wirh the
poktymars naving the highest Bn value {480
and 640} slnce  thare s tha  greacsst
raduccian 1A the »/c cdtle {Table 53}, cha
kighwst Ilnccwass In thes camnt hydratian
degran (Tacle )} with & nealigible 45 ma
incredew 4t 41l in tha awr velume. For the
polymers having lower Hn valus [260 apd
401, bBoth the ¢#dactlion ln Eha w/e ratle
[Table 31 and the increass in the cepent
hydratlen degrae (Tabla )1 ara much lower,
#0 that the incresss 1n the air volume with
respact ta vhe control marcar substantially
fwducdd the above baneficlel effacks apd no
lgnificant incroane in  sceangch  ia
abtained  in suparplesticizerd mortar#,

Table 3 Chazacterincios of meetars wich a
givan flow prepared  with amd
without  Waphthalens  sulfonaca
pelymers of differapt Molecular

Weighe [Any.
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Conc lumlone

3y increasing the Molagular Height af
ulfongted Haphthalens polymer the
fluldifying aftact of the superplasticyyax
increaseas. This wffact iu accampanied with

in increanm |n the aeta potencial of canant
pastad and in the amount of polymar adsorbad
an hydratad cemanc. For the cemen: uwssd i
the pressnt work no wigqaiflcant incrwame 1n
tluldidivy, zeca potwntial apd adeorption
Appdars for Hunber Molecular Weigho [(Pni of
the palymms highar than aboor édd.

% ihoreasing the moleculsr weight af
the polydesr, tha degres of cesent hydration

i% reduced at warlisc ages and lncceaved at .

latar 2qas. The cwtarding #flect on the
«arly cemsnt hydration, which could ba
ascribad  to  tha  adasrption of  polydec
moleculas on cement particles, seams te be
ddvantagecus to  reduca  alump  lase  in
cOncrata  nines, Tha Inocsase af  the
hydeation dagoed at latar agem could be
ascrlbed to a betrar dispecsion af cemenc
Particlea, 4w a result of & higher zeta
potentisl which fncresses by incraasing che
moldcular vaight of the polymer.

The molacular welght of the polymer
mignificantly affectd also the Lnocease Lo
the voluma of wntrained air ik cement oixes.
This wolume deccases by . Lnareasing  the
wolaculay welght of the polymer. Hith P
walus higher than aboue €00 pa aubstanclal
lncresas in the aiy valuma Lp Found with
Cubpact to the contral mix, Corswguently the
Lneradsa in strength caused by polymers wien
Wn higher than & cectain valye [about &40
far whe cemsnt wsed In the prossnt work)
becomes vary effactive asm tha ceduction in
the wic ratlo and the increasdw in tha dagres
of camant Rydration sre net sounceractad by
any lncresse in cthe yolume of watralned alr.
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