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\\U Introduction/Objectives

A critical issue in the transport and effective remediation of groundwater contaminants is the pore-scale location and
obility of the contaminant: s it adsorbed to the solid surface or carried in the flwd phase? Can geophysical
ethods be used to obtain this information? Specifically, in this research, we ask:

an we use NMR and dielectric measurements to detect or monitor the sorption of organic contaminants...
...in the lab?
...in situ?




Sample Description

ater-wel. water spontaneously coats the surface.

a) natural sand (Wedron, surface area~1m2/g, density 2.6 glem3)
b pure quartz sand (Aesar, surface area ~1m2/g, density 2.6 g/em3)
¢} silica gel {IMsher, surface arca ~200 mifg, density 2.1 g-'c:mg]n

and silica gel by reaction with 5% octadecylinchlorosilane in toluene at 1 109C for 48 hours, then rinsed with toluene and
dried at ambient temperature with a flow of dry a




f III / Characterization of Solid-Fluid Interface by Acid-Base Titration

 Se—

The NMR and dielectric response of a solid-fluid mixture depends not only on the composition and volume of the solid
and the fluid phases, but on the chemistry of the isolid-fluid interface. Imponant parameters include:

1) the type of chemical species present at the solid-fluid interface,

2) the absolule concentration of these species at the interface,

3) the extent to which these chemical species react with the fluid, and

4) the magnitude and sign of electne charge at the sohd-fluid interface.
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W Cil-wei Sand, presénce of Tk
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shydrophobic sand surfaces do not accumulate an ¢lectric
charge, regardless of solubion pH.




\
IV /j Sorption of Crude Oil by Water-wet Quartz

In a system contaiming water-wet pure quartz sand, an aqueous phase (0.01M NaCl) and an organic phase (a known
amount of crude oil dissolved in toluene-heptane), sorption of crude o1l 1s controlled by:

1) the presence of an aqueous phase,

2) the equlibnum time,
31 the amount of o1l imitally present in the organic phase, relative to the weight of the solid

present, and
4) the pH of the aqueous phase.

We can now mode] the sorplion process, allowing us 1o better understand in situ processes and 1o prepare controlled lab

samples.




sorption of crude o1l by water-wet quartz in the presence and . W
sence of an aqueous phase. The oil has low solubility 1n L *
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sorpton of crude oll by water-wel quartz as a function of mnital
concentration of oil in the non-aqueous phase. The
cxpenmental data are described well by Freundlich isotherms:

D=KCh

ol sorbed [nale]

D amount of oil sorbed at steady state (mg/g)

K: distribution coefficient

C: 1mutial concentration of oil in the organic phase (mg/L)}
n: slope factor

Lo 200 300 400 o 600
irital ot concenttion [mg’l]

00 <
S g5 - Sorption of crude oil by water-wet quartz as a function of
solution pH. The trend observed results from electrostatic
% interactions between the oil and the quartz surface,
= o
u *pH=3 -both oil and quartz surface are positively charged
i ] oil sorption is inhibited
*pH 3-5 -enhanced sorption due to opposite or neutral charges
- *pH=5 -hoth o1l and quartz surface are negatively charged
-oil sorption is inhibited




e of the central issues in our research is to understand how and why NMR measurements are affected by the chemistry

of the solid-fluid interface. The measured NMR parameter for a porous, fluid-saturated sand sample is the Ty proton
:laxation time, which can be related to the material properties of the sample by the equation:

L. [.:'i)
L I, '\V

T1h: relaxation time for the bulk pore fluid
p: surface relaxivity
S5/V: surface area to volume ratio of the pore space

pis the key parameter linking the NMR response to the presence of surface sorbed contaminants.

NMR of Natural Water-wet Sand

Spin-lattice relaxation times for natural water-wet sand (T'1) and
zxtracted pore fluid (T b} as a function of pH show:
*T1==Tib at all pH values.

*T'1h constant above pH 2 (3.0 s), but decreases below pH 3.
*p increases below pH~5.

=




NMR of Natural Oil-wel Sand

pm-Iatl:me relaxation times for natural oil-wet sand (T} and

esponse to water-wet sand but:
soil-wet T1> water-wet Ty

The presence of sorbed oil reduces P-

= is an NMR response to the sorption of oil, but the following questions must be addressed:

1at causes the increase in relaxivity at low pH values?

1) dependence on surface charge?
2) dependence on concentration of paramagnetic sites at the sand-fluid interface?

paramagnetic species affect the NMR response differently if they are:
1) adsorbed to the solid surface,
2) precipitated on the surface of the sand grains
3) present as separate mineral grains?
4) dissolved in solution




‘\7-:/[/ NMR of Model Systems: Building “Real™ Materials

If surface relaxivity is different for each chemically distinet solid-fluid interface, then p in equation 1 is an average
relaxivity. Equation 1 should be modified to include multiple surface relaxation mechanisms:

+2el)

Ti-"m,-

It should be possible to measure the surface relaxivity of well characterized pure systems and model the relaxation
behaviour of natural materials.

=R Pure Quartz Sand and Silica Gel
25 F
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- chemical analysis: 20% of the iron{lIl) 15 sorbed 3
- paramagnetic ions sorbed on a surface are more effective Lh L]
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Li]lea gel equilibrated with 5.0 ppm (mg/L) Fe3+
*T'1 decreases with Fe3+ sorbed

saverage relaxivity (from eq. 1) increases with Fe3+ sorbed
*but using site specific relaxation calculations {eq. 2.

1 I 5
‘.E = T_“"‘ [F] (feps + fo Pr)
where f is the fraction of surface as Fe>*or silica

we find that relaxivity of surface Fe is constant (31+5 um/s)

Thus, we find that surface relaxation depends on the fraction
of surface area covered by paramagnetic species, but
dsorption of dissolved paramagnetic species alone does not
Em:c:unl for the NMR response of natural sands.
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Iron(1I1)oxide coated silica gel

sobserve exponential dependence of T on the fraction of
silica gel surface area covered with Fe(llloxide
« as little as 0.1% of the surface as Fe3+ cuts Tq in half

-surface Fe3+ pealculated using equation 2 is ~2pum/s
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i I e Separate Paramagnefic Mineral Grains

i

il ixtures of silica gel and psuedobrookite (FeaTiCs) as a
E & unction of pH show:
P 15Ty

10— *"'“---.._q,___ sexponential dependence of T on the fraction of Fe(IIT)

-l e 3 ' mineral grains

-suggests form of equation 2 may be appropriate
e e e — »pifor Fe(lI1)) calculated using equation 2 is ~40um/s
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Dependence of T | p on Fluid Chemistry
Pore flind in equnlibrium wath geological matenals at aciche pH values contains paramagnetic 1ons such as Fed+, Mn2+
and Cul+.
*T1h of bulk water decreases exponentially with increasing concentration of paramagnetic species (e.g., Fe?+. Cu2+),
=*T1h varies with chemical species as a consequence of the number of unpaired electrons in cach complex.
=T | b at any specific 1on concentration changes with pH as a result of chemical speciation.
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% - Dielectric Measurements

The dielectric constant of a material is a frequency-dependent parameter which provides a measure of the polanzahility or
eparation of charge within that matenal in the presence of an applied hield. In a system compnsed of silica gel saturated

Euith an aqueous brine, the electrical response is controlled by:

1) the propertics and proportions of the individual phascs present,

2) the geometry of the phases with respect to each other, and

3) the interaction between the phases.

By examining the differences in the frequency response of water-wet, oil-wet and hydrophobic silica gels, an attempt can
be made to 1dentify the signatures of the various interfaces.




Comparison of Oil-wet & Water-wel
parallel the NMR expenments.

higher than dielectric constant of a water-wet system

Water-wet and oil-wet samples of silica gel were prepared to

=diclectne constant of an oil-wet system 1s consistently

sdielectne constant of a mixture of 50% o1l wet surface and
50% water-wet surface falls between the pure endmembers

We conclude that the presence of sorbed oil decreases the

dielectnic constant in the frequency range 103 to 107 Hz.

[Hydrophobic compared to Oll-wet & Water-wel

sdielectne constant of hydrophobic silica gel falls
between water-wet and oil-wet

sthe dielectnc response flattens out at higher
frequencies as the effect of the aqueous phase
diminishes

What causes the differences in the dielectric
response of the three types of wettability?
-surface conductivity at the solid-brine
jnterface?
-different chemical sites at the sohd-flud
| nterface?
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