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The Effect of Intermolecular Forces on the Preparation
of the Organic Waster Cement Pastes
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Abstract: Organic wasters can be treated with cement to become useful materials. The effect of organic materials on the hydration of cement is
discussed in this study. A water filn fluid flow model was proposed to describe the transfer of water within the paste. It is supposed that water
films exist within the partial dried hydrated cement particles. Water tranders within the water film and diffuses into the cement particles through
the porous amorphous medium. For a water film with the film thickness less than 100nm the disjoining or the conjoining pressure dominates
the direction of water flow. The disjoining or the conjoining pressure is produced due to the overlapping of interfacial regions. Simulation resulis
showed that the local water available for hydration reaction is O=— 4, v . The replacement of hydrated cement particles with organic parti-
cles would change the Hamaker constant of the water filn and therefore reduce the transfer rate of water. When the Hamaker constant is posi-
tive, the conjoining pressure makes the film unstable and inhabits the transfer of water to supply the need of cement hydration. The uncomplet-
ed hydration of cement will reduce the compressive strength of the final products.
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such as Jersey barriers. It is believed that such concrete

1 Introduction

can also be used in the soil and water conservation con-

Plastics and rubbers are important organic materials ~ Struction materials.
used. The treatment of plastics with cement has been con- Even amount of studies have been conducted, there

ducted for a long time. In this paper the teament of &€ many monsistent results should be studied, for exam-

waste rubber with cement is theoretical studied. Because ples the influence rubber granules size on the compressive

(1 .
thetre are a large number of waste ties are discarded all strength of the concrete. Topcus ~, Eldin and Seno-

.13 .
over the world every year, and only a small proportion is ~ UCIS showed that the coarse grading of rubber granules

either retreated or burned for energy recovery. Most of the lowered the compressive strengt}}lr]nore than that of the fin-
waste tubbers are land filled or stockpiled. Since the  ergrading. However, Alie et al * indicated the opposite.

waste rubber is mot easily biodegradable even after a long ~ The reduction of the compressive strength is mainly attrib-
period of land - fill, this is not only an environmental ~ uted to the week adhesion between the interface of cement

poblem but also a waste of natural resources. and rubber grains. To know the inconsistent esults, some
The use of granular rubber as an aggregate or addit- authors tried to modify the surface properties of the rubber
ive to concrete is a possible solution to solve the above  paticle to enhance its adhesion to cement paste. The

poblems and has been studied for a long time' ' modified agents used in literatures were sodium hydroxide
SRS previous research results showed the ag- solution "', carbon tetrachloride, and latex admixture' ®
gregating rubber could increase concrete s flexibility, elas-  etc. However, the effect of rubber grains on the transfer of
ticity, and capacity to absorb energy. It is suggested that ~ water is never mentioned. In this study the cracklings of
the rubberized concrete can be used, for example, in  the suiface of the rubberized pastes were obsewved with a

highway constructions as a shock absorber, or in sound ~ micwscopy. For a suitably pretreated rubber grains the
barrier as sound absorber, or in bhuilding as earthquake  crackling did not occur in the interface of the cement and

shock wave absorber; or in impact prevention structure  the rubber grains but in the bulk cement regions. It is be-
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lieved that with the addition of the rubber particles, the
transfer of water within the pores will be inhabited and
then affect the hydration of the cement. A water film flux
model is proposed to explain the influence of rubber grains

on the transfer of water within the cement pastes.
2  Model development

Water within the newly prepared cement paste is
consumed by both evaporation and cement hydration reac-
tion. With the decrease of waler content, thin liquid film
is developed as shown in figure 1. Water within the
partially dried porous medium will transfer mainly through
the thin liquid film and through the vapor phase. In this
study only one dimension film flow with constant density
() and viswsity (M) is considered.

(2)

Fig 1 Pore level view of wetting film generation within the

newly-prepared cement mortar

Figure 2 shows the film flow near the wall of the cap-
illaty. At steady state and neglecting the inertia term and
gravity.

cement
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Fig 2 Water film flux model
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The velocity profile in equation (1) is determining by im-
posing the boundary condition of no slip at the solid wall

aPil |y
dx ) [ 2
The mass flow rate per unit width of the film is

h 43 dP
= PzJOU(y)dy: L

3v dx
Where v=11/p,
According to Derjaguin and Churaev (1978)
dP, =— dP; + d(Ko) @)

K : curvature

2
— hy )

and no stress at the gas liquid interface.
_ 1
U@y = ?f

3)

o; surface tension of the liquid
P, disjoining pressure
If the surface tension is constant and the curvature is
neglected,
3 dpa
I'= 3 dx )
Paul Scovazzo and Paul Todd (2001) showed that the dis-
joining pressure for a submicrometer liquid filled cylindri-

cal geometries is

Pi = Puin+ Pae+ Piss = _LI;Z—‘—
67h
2C- Ao
Dexp ( Kh)Jr—fv(h_ S ®6)

Where Py, is the London/ van der Waals interactions
component of disjoining pressure. P is the electrostatics
interaction component of disjoining pressure and Pas is the
steric component of disjoining pressure. D= (64nkT)
tank’ [zeY UKT]. k= (8mz e [&T)" is the De-
bye Huckel reciprocal length. Ce is the bulk solute con-
centration. Ao is the solute Water interaction constant. V
is molar volume. Ois the minimum solute approach dis-
tance. n is the ion number density. K is the Boltzmam
constant. z is the solute charge density (valence). e is
electron charge. ¥ is the electrostatic surface potential. €
is the absolute permittivity.

With the laige concentration of salts (about 300 mM )

in the water of our system, Therefore in our system Ps=

—A
122 is considered only .

6ch’
The Hamaker constants Ais2, of the London Aan der
Waals interaction component of the welting film as depict-

ed in figure 3 can be evaluated by the following equation
3
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A (e—n') (n’— 1D
e(iv) =1+ + R 1
[ A+ /,0,) a-+v /ve)
B KN N\ = overlapping Where 7,4 is the rotational relaxation frequency typically at
‘ micowave and lower frequency. ve is the main electronic
c absorption frequency in the UV typically around 3X 10”

Pu=P-Po
Pi=pressure in thin liquid film
Py=pressure in bulk liquid

P=disjoining pressure
Fig 3 Illustration of disjoining pressure

From equation (5)
I— h_3 d, Am

=3 dx(i 6_Tth3) @
o _Aslvh h_,
= 6y h ®)

Assuming a triangle as an approximate shape for the
curve film as discussed by Wanyer[ * the minimum pos-
sible area under the film per unit width is 4 h'. There-
fore the available maximum fluid in this region can be ex-

pressed as
— Aw

= o ©
Equation (9) shows that the mass flow rate in the
wetting film strongly depends on the Hamaker wnstant.
Derjagtﬁn[3] showed that the stability of the wetting film
depends on dP, I/ . In case dP, Idh™> 0, the film is
unstable, othewise it is stable. Therefore the film is un-
stable if 44~ 0 and the flow in the wetting film will be
inhibited. If A4<TO0 the film is stable and equation (9)

can be used to predict the mass flow rate.
2.1 Evaluation of Hamaker constant

The Hamaker constant can be approximately calculat-
ed by the following equation[ o

3 & & 8T &
4kT(€1_|_€3)(€2_|_€3)—|—
%Jm €1(l.V)*€3(l.V) Ez(l'v)* 53(iv)
4ty a(iw)+ e(v) (i)t eiv)

Where €, €, and €; are the static dielectric constants of

the three media, € (jv) are the imaginary frequencies.

Apm =

ddv - (10)

The first tem in Eq. (10) gives the zero frequency energy
of van der Waals interaction and includes the Keesom and
Debye contributions. The second tem gives the dispersion
energy and includes the London energy contribution. The
above approach may be used to calculate the van der
Waals interaction between a small particle 1 in medium 3
with the surface of medium 2. Tn Eq. (10) The imaginary

part of dielectric constant can be expressed as

and n is the refractive index of the medium in the visible
[ien==gs (). Since vi is about 4X 10°s =>>>
via (less than 10” s '), the dispersion contribution is

detemined solely by the electonic absorption. We may
therefore reduce Eq. (10) as

2_
(i) — 14—

1+ ))5)

12)

If the absorption frequencies of all the three media ar as-

sumed to be at the same ve, we obtain the following ap-

proximate expression for the retarded dispersion contribu-
tion to the Hamaker constant

A =

3hve(nf — n% )(n% — n% )

820 + B B+ R (Cat D' A G+ )R

(13>

In this Eq. (13) is used to approximately predicted the

Hamaker constant. Table 1 gives some Hamaker constants

where the subscript 1 is solid substrate, 2 is air and 3 is
water film.

3 Results and Discussions

In our previous works " the surface structure of the
cement paste at ime 85 and 90 minutes were shown as fig-
ure 4 and figure 5 show. Rubber particles used in this

Fig 4 Rubber + cement (85min)

specimen were as received without any surface modifica-
tion treatment. The pictures give the evidence that the
paste cracked at the time about 85—90 minutes. Howev-
er, the cracking is not in the interface of cement and mb-
ber. The result is interesting and is worthwhile further
study. It is believed that the cracking of the paste will af-
fect the mechanical properties seriously. The ciystals and
some amorphous materials surround rubber particles.
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Fig 5 Rubber + cement (90min)
Huynh and Raghavan[”] showed that the hydration of Port-

land cement occurred within a few minutes and the reac-

tions can be simplified as the following:
Ca;Si0s+5. 3H,0—>1. 7C0. Si0, . 4H, 0+ 1. 3Ca (OH ),
Ca:Si0s+4. 3H0—>1. 7C20. Si02 . 4H>0+-0. 3Ca (OH )-

Water diffuses into the inner of the cement particle
through these ciystals and amorphous materials and hy-
drating continuously. The diffusion rate affects the rate of
the hydration reaction and eventually the physical and me-
chanical pwoperties of the concrete. Initially, abundant
water makes the hydration reaction occur quickly. Howev-
er with the crystals surounding outsides the cement parti-
cle, the rate of diffusion of water is limited. The rate of
hydration reaction changes from the reaction control to dif-
fusion control. It is believed that contimuous and quick
supply of water into the cement particles is the most im-
portant point to be considered. Figure 5 shows no cracking
occurs . The hydration products of cement adhere to rubber
particles tightly. It is expected that concrete made of this
type of rubber particles will have better mechanical perfor-
mance than that of the as teceived rubber particles.

A water film fluid flow model is pwposed to explain
the experimental results depicted above. It is supposed
that there is a water film between the cement particle and
the rubber surface. Small cntact angle makes water wet
the rubber surface easily. Water flows within the water
film. Water diffuses into the cement particle through the
porous amorphous medium. The direction of water flow
depends on the pressure gradient within the water film.
For a water film with the film thickness less than 100nm,
the disjoining or conjoining pressure dominates it. The
disjoining or the conjoining pressure is produced due to
the overlapping of interfacial regions. More detail informa-
tion can be found in references'” . Pe and Pm consti-
tute the famous DLVO theory. Yang et al' discussed the
interaction between cement particle with DLVO theotry. Pc
was experimentally proved to be important for concrete
with chemical admixtures by Uchikawa et a™ and
Neubauer et al. | ).

Hunter' povided the approximate values for water
films in silica oxide and isoprene with equation (9) as the

followings:
Ay| water /’&)prene] =—0.836X 10 "]

Aslv[water /}soprene] =— (1.0 ~5.32X10 )]

As shown above, the substitution of cement hydrated
poducts (usually silica oxide or metal oxide) by mbbers
(isoprene) will reduce the absolute values of the Hamaker
constant. The change of the disjoining may reduce the wa-
ter flux to the cement particles as shown in equation (9).
Hydration reaction of cement may be incomplete and the
compressive strength of the concrete will decrease.

The modification of rubber surface will change the
surface chage and therefore electrostatic component of
disjoining will change. The change of the disjoining or
conjoining pressure may induce the instability of the liquid
and reduce water diffusion into the cement particles. Hy-
dration reaction of cement may be inhibited in such cwndi-

tion and the performance of the concrete will decrease.
4 Conclusions

A simplified film flow model was developed to ex-
plain the previous experimental resulis. The existence of
rubber particles will change the component of the disjoin-
ing pressute induced by the London han der Waals force.
Theoretical analysis showed that the decrease of the abso-
lute value of the Hamaker constant would meduce the water
flow rate within the waler film. With the reduction the
film flow rate, the hydration of cement may be incomplete
and the performance of the concrete will decrease.
Nomenclatures

A Hamaker constant, J
. . 3
Ay solute fvater interaction constant, Jm

C- bulk solute concentration, mol/m’
D (640kT) tarh’ (¥ 4KT), Pa
Mass flux; Kg k

lection charge, C

film thickness, m

curvature

Boltzmann constant, J K

ion number density, ions ’
refractive index

pressure, Pa

absolute temperature, K
velocity, m s

volume of solvent molecules, m’ /mol
x voordinate, m

y voordinate, m

NN R o NS SRR

solvent chaze number. _valence



70 ( ) 44

Greek symbol filled Concretd J] . Cement and Concrete Research, 2002, 32
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