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Abstract

Awater-based colloid of submicron graphite particles is an effective admixture for enhancing the EMI shielding effectiveness of cement

paste, though it is ineffective for lowering the electrical resistivity. As an admixture, it is more effective for shielding than 15-mm-diameter

discontinuous carbon fibers, though it is less effective than 0.1-mm-diameter discontinuous carbon filaments. A shielding effectiveness of 22

dB at 1 GHz is reached by cement paste at a solid graphite content of 0.92 vol.%, compared to a value of 11 dB for a coating made from the

graphite colloid and a value of 14 dB for graphite-colloid-coated cement paste (without admixture).
D 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

EMI shielding [1–4] is in critical demand due to the

interference of wireless (particularly radio frequency) devices

with digital devices and the increasing sensitivity and import-

ance of electronic devices. Shielding is particularly needed

for underground vaults containing power transformers and

other electronics that are relevant to electric power and

telecommunication. It is also needed for deterring electro-

magnetic forms of spying.

Polymer–matrix composites containing electrically con-

ductive fillers are widely used for the shielding of electronics.

In contrast to a typical polymer matrix, which is electrically

insulating, the cement matrix is slightly conductive. There-

fore, the use of a cement matrix allows some degree of

electrical connectivity among the conductive filler units, even

when the filler volume fraction is below the percolation

threshold. As electrical connectivity helps shielding, the

cement matrix is attractive for the development of composite

materials for shielding.

Electrically conductive admixtures in the form of discon-

tinuous fibers [5–8] have been previously used in cement for

providing EMI shielding. Although the fibers are effective,
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they are expensive and, in contrast to particles, have the

tendency to cling together.

Colloidal graphite is fine graphite powder suspended in a

liquid carrier (such as water and alcohol), usually together

with a small amount of a polymeric binder. A small particle

size of the powder is necessary for formation of a stable and

workable colloid. After application of colloidal graphite on a

surface by painting or related methods, the liquid carrier

evaporates, thus allowing the graphite particles to be essen-

tially in direct contact. The resulting coating is used for

shielding in television scopes, in addition to being used as a

lubricant. However, colloidal graphite has not been used on

or in cement-based materials. Furthermore, there has been no

report on the EMI shielding effectiveness of colloidal graph-

ite, except for limited information in a commercial sales

document [10].

The cost of graphite powder increases with decreasing

particle size. However, due to the skin effect, the effective-

ness of graphite powder (at a given volume fraction) for

shielding is expected to increase with decreasing particle size.

In spite of the relatively high cost of fine graphite powder, the

cost is still low compared to that of carbon fibers or submi-

cron-diameter carbon filaments. In this paper, the term ‘‘fila-

ments’’ refers to those of diameter less than 1 mm, whereas the

term ‘‘fibers’’ refers to those of diameter at least 1 mm.

This paper addresses the use of graphite colloid as an

admixture in cement and as a coating on cement for provid-
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ing shielding. For the sake of comparison, this paper also

addresses the shielding effectiveness of a colloidal graphite

coating on Mylar, which is known for its electromagnetic

transparency. Previous development of concrete for EMI

shielding did not involve colloids, but only dry solid admix-

tures such as 15-mm-diameter carbon fibers [9], 0.1-mm-

diameter carbon filaments [6], and 8-mm-diameter stainless

steel fibers [8]. Colloids are attractive due to the submicron

particles in them and the good dispersion of these particles,

as attained by the use of surfactants. A small particle size is

advantageous for EMI shielding due to the skin effect and the

increased tendency for percolation. Furthermore, colloids are

attractive for the cement mixing process due to their high

fluidity. In addition, colloids can be used as a coating

material, which can be applied to existing structures.

Because electrical resistivity is a basic quantity that

describes the electrical conduction behavior, this paper

includes measurement of electrical resistivity.
2. Experimental methods

The cement used was portland cement (Type I) from

Lafarge (Southfield, MI). The water–cement ratio was

0.35. A water-reducing agent (a sodium salt of a condensed

naphthalenesulfonic acid, TAMOL SN, Rohm and Haas,

Philadelphia, PA) was used in the amount of 1.00% by mass

of cement for all specimens. No aggregate was used, whether

fine or coarse.

The colloidal graphite used in this work was a 9 lb/gallon

(1 g/cm3) dispersion of 22 wt.% graphite particles of average

size 0.7–0.8 mm in deionized water (Grafo Hydrograf A M2

from Fuchs Lubricant, Emlenton, PA). The dispersion con-

tains a starch-type binder. The density of solid graphite is

2.26 g/cm3.

For shielding testing, the attenuations upon reflection and

transmission were measured using the coaxial cable method

(the transmission line method) (Fig. 1). The setup consisted

of an Elgal (Israel) SET 19A shielding effectiveness tester

with its input and output connected to a Hewlett-Packard

(HP) 8510A network analyzer [10]. An HP APC-7 cal-

ibration kit was used to calibrate the system. The frequency
Fig. 1. EMI shielding effectiveness testing setup.
was up to 1.5 GHz, as limited by the specimen dimensions.

The specimen placed in the center plane of the tester (with

the input and output of the tester on the two sides of the

specimen) was in the form of an annular ring of outer

diameter 97 mm and inner diameter 29 mm. Silver paint

was applied at both inner and outer edges of each specimen

and near the edges to make electrical contact with the inner

and outer conductors of the tester [11].

In the use of the colloid as an admixture, the water in the

colloid was considered in the water–cement ratio mentioned

earlier. The colloid was used as an admixture in proportions

corresponding to the graphite solid amounting to 0.50% and

1.00% by mass of cement (corresponding to 0.46 and 0.92

vol.%, respectively). In the use of the colloid as a coating, the

colloid was applied manually on one side of a specimen of

cement paste (without admixture, in the form of an annular

ring of dimensions mentioned above) and on one side of a

Mylar sheet (60 mm thick, which had been cut to be an

annular ring of dimensions mentioned earlier). After drying

in air for at least 2 h, silver paint was applied, as mentioned

earlier. The coating thickness was 0.3–0.4 mm after drying

for both types of substrate, as measured by using a micro-

meter before and after coating.

The DC resistivity was measured using the Keithley 2001

multimeter and the four-probe method. In this method, four

electrical contacts were applied by silver paint at four planes

perpendicular to the length of the specimen (75� 15� 15

mm). The four planes were symmetrical around the midpoint

along the length of the specimen, such that the outer contacts

(for passing current) were 65 mm apart and the inner contacts

(for measuring the voltage in relation to resistivity deter-

mination) were 55 mm apart.
3. Results and discussion

3.1. Graphite colloid as an admixture

Table 1 shows that the EMI shielding effectiveness (same

as the attenuation upon transmission) increases significantly

with increasing graphite content, whereas the attenuation

upon reflection decreases slightly. This means that the

graphite enhances the shielding effectiveness mainly by

increasing the reflectivity.

The electrical resistivity is decreased by the graphite

addition, but remains in the same order of magnitude. This

implies that the graphite contents used are below the per-

colation threshold. In spite of this, the improvement of the

shielding effectiveness due to the graphite is substantial.

Compared to 0.1-mm-diameter carbon filaments at a

similar volume fraction [6], graphite (from graphite colloid)

is less effective (22 vs. 35 dB at 1 GHz) for shielding, due to

its size being large compared to the filament diameter, and is

also less effective for lowering the resistivity (2� 105 vs.

1�104 V cm), due to its particulate nature and consequent

low aspect ratio. Compared to 15-mm-diameter carbon fibers



Table 1

Attenuation upon transmission (same as the shielding effectiveness), attenuation upon reflection and DC electrical resistivity of cement pastes with various

graphite contents and of cement paste coated with graphite colloid

Graphite Specimen Attenuation upon transmission (dB) Attenuation upon reflection (dB) Resistivity

(vol.%) thickness (mm)
1.0 GHz 1.5 GHz 1.0 GHz 1.5 GHz

(105 V cm)

0 4.36 ± 0.37 4.00 ± 0.05 2.42 ± 0.07 4.95 ± 0.11 7.96 ± 0.30 8.2 ± 0.6

0.46 4.37 ± 0.23 10.31 ± 0.30 12.34 ± 0.17 4.01 ± 0.22 3.86 ± 0.26 2.3 ± 0.4

0.92 4.40 ± 0.38 22.31 ± 0.35 25.61 ± 0.22 3.89 ± 0.43 3.57 ± 0.35 1.6 ± 0.6

/ 0.34 ± 0.11 * 14.26 ± 0.18 15.33 ± 0.15 4.86 ± 0.30 6.76 ± 0.38 /

Errors were based on measurement of six specimens of each type.

* Coating thickness. Substrate thickness is 4.33 ± 0.26 mm.
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at a similar volume fraction [9], graphite (from graphite

colloid) is more effective for shielding (22 vs. 15 dB at 1

GHz), due to its small particle size compared to the fiber

diameter, but is less effective for lowering the resistivity

(2� 105 vs. 7� 102 V cm), due to its particulate nature and

consequent low aspect ratio. Hence, a high shielding effec-

tiveness does not imply a high electrical conductivity.

The particulate nature of the graphite is expected to result

in a high value of the percolation threshold (i.e., minimum

volume fraction for attaining percolation), thereby diminish-

ing the effectiveness for lowering the resistivity compared to

carbon fibers or filaments. In spite of the poor effectiveness

for lowering the resistivity, the graphite is effective for

shielding, presumably due to the small particle size, the skin

effect and the high crystallinity of the graphite.

3.2. Graphite colloid as a coating

Table 1 also shows the effect of the application of a

graphite colloid (same as the colloid used as an admixture

in Section 3.1) coating on the EMI shielding effectiveness of

plain cement paste (i.e., cement paste without the graphite

admixture). The coating is of thickness 0.34 ± 0.11 mm. It

causes the attenuation upon transmission at 1 GHz to be

increased from 4.0 to 14.3 dB, while having little effect on the

attenuation upon reflection. Hence, the coated cement paste is

as effective for shielding as cement paste containing graphite

admixture in an amount between 0.46 and 0.92 vol.%, but is

less effective for reflection than cement paste containing 0.46

vol.% graphite admixture. This means that graphite reflects

better when it is dispersed in cement than when it is

agglomerated, partly due to the skin effect and partly due to

the electrical connectivity provided by the cement matrix,

which is conductive. The high attenuation upon transmission

for the coated cement paste is probably due to multiple

reflections among the graphite particles in the coating.

The attenuation upon transmission and that upon re-

flection at 1 GHz are 10.8 and 4.1 dB, respectively, for

graphite-colloid-coated Mylar, compared to corresponding

values of 0.7 and 21.6 dB, respectively, for the bare Mylar

substrate. Hence, the Mylar substrate contributes little to the

shielding and the coating of thickness 0.3–0.4 mm is com-

parable in shielding effectiveness and reflectivity to cement

paste of thickness 4.4 mm and containing 0.46 vol.% graphite
admixture. However, the coating is much inferior to cement

paste containing 0.92 vol.% graphite admixture.

Comparison between coated cement paste and coated

Mylar shows that the coating on Mylar reflects better than

that on cement paste. This may be due to the relative smooth-

ness of the Mylar surface compared to the cement paste

surface.

Although the graphite colloid coating on cement paste is

quite effective for shielding and can be conveniently applied

to existing structures, it suffers from its tendency to be

damaged by scratching, wear and abrasion.
4. Conclusion

Awater-based colloid of graphite particles of average size

0.7–0.8 mm is an effective admixture for enhancing the EMI

shielding effectiveness of cement paste. The shielding effec-

tiveness (1 GHz) is 22 dB at a solid graphite content of 0.92

vol.%, compared to 15 dB for 15-mm-diameter carbon fibers

and 35 dB for 0.1-mm-diameter carbon filaments, both at

similar volume fractions. The graphite as an admixture in

cement increases the shielding effectiveness from 4 to 22 dB,

while reducing the attenuation upon reflection from 5 to 4

dB. A coating of thickness 0.3 mm and made from the

graphite colloid exhibits a shielding effectiveness of 11 dB—

comparable to that of cement containing 0.46 vol.% solid

graphite admixture. Cement paste with this coating exhibits a

shielding effectiveness of 14 dB. Compared to carbon fibers

and filaments, the graphite colloid as an admixture is

ineffective for lowering the resistivity of cement.
Acknowledgements

The authors thank Mr. Junhua Wu of University at Buf-

falo, State University of New York, for technical assistance.
References

[1] B.D. Mottahed, S. Manoocheheri, Review of research in materials,

modeling and simulation, design factors, testing, and measurements

related to electromagnetic interference shielding, Polym.-Plast. Tech-

nol. Eng. 34 (2) (1995) 271–346.



J. Cao, D.D.L. Chung / Cement and Concrete Research 33 (2003) 1737–17401740
[2] P.S. Neelakanta, K. Subramaniam, Controlling the properties of elec-

tromagnetic composites, Adv. Mater. Proc. 141 (3) (1992) 20–25.

[3] G. Lu, X. Li, H. Jiang, Electrical and shielding properties of ABS resin

filled with nickel-coated carbon fibers, Compos. Sci. Technol. 56

(1996) 193–200.

[4] A. Kaynak, A. Polat, U. Yilmazer, Some microwave and mechanical

properties of carbon fiber–polypropylene and carbon black–polypro-

pylene composites, Mater. Res. Bull. 31 (10) (1996) 1195–1206.

[5] P.B. Jana, A.K. Mallick, Studies on effectiveness of electromagnetic

interference shielding in carbon fiber filled polychloroprene compo-

sites, J. Elastomers Plast. 26 (1) (1996) 58–73.

[6] X. Fu, D.D.L. Chung, Submicron carbon filament cement –matrix
composites for electromagnetic interference shielding, Cem. Concr.

Res. 26 (10) (1996) 1467–1472.

[7] J.-M. Chiou, Q. Zheng, D.D.L. Chung, Electromagnetic interference

shielding by carbon fiber reinforced cement, Composites 20 (4) (1989)

379–381.

[8] S. Wen, D.D.L. Chung, Electromagnetic interference shielding reach-

ing 70 dB in steel fiber cement, Cem. Concr. Res. (in press).

[9] J. Wolsiefer, D.R. Morgan, Silica fume in shotcrete, Concr. Int.: Des.

Constr. 15 (4) (1993) 34–39.

[10] www.achesonindustries.com.

[11] X. Shui, D.D.L. Chung, Submicron diameter nickel filaments and their

polymer–matrix composites, J. Mater. Sci. 35 (2000) 1773–1785.

 http:\\www.achesonindustries.com 

	Colloidal graphite as an admixture in cement and as a coating on cement for electromagnetic interference shielding
	Introduction
	Experimental methods
	Results and discussion
	Graphite colloid as an admixture
	Graphite colloid as a coating

	Conclusion
	Acknowledgements
	References


