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ABSTRACT:  

 

Metakaolin is a highly reactive pozzolan that has been shown to enhance the strength 

development and durability characteristics of concrete. There is an increasing need for high quality 

cement extenders in the Western Cape due to the aggressive environment and reactive local 

aggregates. Extensive kaolinite reserves are located in the Western Cape and could be exploited to 

produce local metakaolin. 

 

Preliminary laboratory trials were undertaken to assess the potential of local metakaolin together 

with imported material. Results indicated that the direct replacement of cement with metakaolin 

improved the strength development and potential durability of concrete. Further trials are still 

required to assess the viability of marketing metakaolin in South Africa. 
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SYNOPSIS 

Metakaolin is a highly reactive pozzolan that has 

been shown to enhance the strength development 

and durability characteristics of concrete. There is 

an increasing need for high quali ty cement extenders 

in the Western Cape due to the aggressive environ

ment and reactive loca l aggregates. Extensive kaoli

nite reserves are located in the Western Cape and 

could be exploi ted to produce local metakaol in. 

Preliminary labora tory trials were undertaken to 

assess the potential of local meta kaolin together wi th 

an imported material. Results indicated that the · 

d irect replacement of cement w ith metakaoli·n 

improved the strength development and potentia l 

durability of concrete. Fu rther trials are stil l requ ired 

to assess the viability of marketing metakaolin in 

South Africa. 

INTRODUCTION 

Metakaol in is a react ive pozza lan produced by ther

mal activation (or calcining) of the minera l kaolin. 

The partial replacement of cement (typically 10 - 20 

%) with metakaolin reduces calcium hydroxide lev

els, produci ng a dense anq durable concrete. The 

pozzolanic reaction of metakaolin is extremely rapid 

being of a similar rate to that of si lica fume and con

siderably faster than fly ash Research indicates that 

metakaolin concrete improves the microstructure 

since pore sizes are reduced, calc ium hydroxide lev

els are lower and the interfacial zone between 

cement paste and aggregate is improved(1,2I. These 

properties have been shown 'to improve the durabi l

ity properties of concrete exposed to aggressive 

environments (21. 

In the Western Cape wi th aggressive environments 

and reactive aggregates there is increasing need for 

cement extenders such as si lica fume, fly ash arid 

slag to improve the durabi lity of local concretes. At 

present a ll of these materials must be transported 

considerable distances adding to their cost. In con

trast many kaolin deposits w hich produce high qual

ity kaolinite are located in the Western Cape region. 

The potential of using th is material as a cement 

extender has been considered for severa l years wi th 

promising results being found many years ago (31. 
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W ith the increasing demand for a high quality, rapid 

acting cement extender, further testing of a local 

metakaolin was undertaken and compared to results 

with an imported metakaolin from the United States. 

MATERIALS 

A series of concrete mixes was cast using a local 

metakaolin produced from Serino kaol in (denoted 

MKS) and an imported metakaolin, Metamax (denot

ed MKM). The local meta kaolin was produced in 

the laboratory by calc in ing a processed kaolin from 

Serino M ine, Noordhoek. From recommendations 

made in previous work, calcining was done at 700 
°C for two hours, being the optima l level to ensure 

satisfactory dehyd ration wh ile minimizing negative 

side-effects such as ettringite formation (31. The cal

cined material was then crushed, pulverized and 

bal l-milled for 24 hours to achieve a fineness superior 

to that of normal cement (chemical analysis and fine
ness are g iven in Ta ble 1). Cement used in the work 

was a type 11/ A-L (portland compos ite cement - PCC 

conta ining limestone) with 20 % replacement levels 

of cement with metakaolin (direct replacement with 

cement). Two grades of concrete were designed 

wnh torget strengths of 20 M Pa for low grade con- · 

crete and 40 MPa for high grade COl)crete. Typical 

Western Cape aggregates were used throughout, 

namely 19mm greywacke coarse aggregate and 

Cape Flats dune sand and mixes were- designed for 

a slump of 50mm . Deta ils of the concrete mixes are 

g iven in Table 2. Concrete was cast into 100mm 

cube moulds and compacted for 30 seconds on a 

vibrating table. Aher demoulding at 24 hours the 

samples were either wet cured (in water at 23°C) 

or dry cured in an environment controlled room (23 

°C and 60 % R.H) 

LABORATORY TESTING 

The strength and potential durability of concrete 

was tested in the laboratory at ages between 7 

and 28 days using staridard tests for compressive 

strength and durability index test5. Details of the 

compressive strength and durabi lity index tests (oxy

gen permeability, water sorptivity and chloride con

ductivity) are g iven below. 
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Compressive Strength Testing .. 

Standard compressive strength testing was done by 

crushing 100 mm concrete cubes in an Amsler com
pression tester in accordance w ith SABS method 863. 

Strength development of the concrete was monitored 

by crushing wet cured concrete cubes at 7, 14 and 

28 days. Dry cured concrete was tested only at 

28 days. 

Oxygen Permeability Testing 

Testing for permeability has been widely regarded 

as a method of defin ing the degree of durability of 

concrete. A falling head permeameter, which mea

sures the pressure decay with time as oxygen d iffuses 

through concrete was usedI4). Figure 1 g ives details 

of the apparatus and shows how the oven-dried con

crete core samples are sealed into the permeameter 

using a rubber collar. From the pressure decay curve, 

the Darcy coefficient of permeabil ity was determined 

and results expressed in terms of the oxygen perme
ability index (defined as the negative log of the 

coefficient of permeabili ty). 

Water Sorptivity Testing 

Movement of water into concrete is generally asso
ciated with wetting and dryi ng action ra ther than 

permeation. The dominant mechanism controll ing 

water ingress is therefore absorption caused by 

capillary action. Sorptivity is defined as the rate of 
movement of a water front through a porous materi

al under capillary action. Sorptlvity testing was done 

using oven-dried concrete core samples exposed to 

water on their bottom face and the mass of water 

absorbed was measured at regu lar intervals (see 

fig ure 2) 141. From the slope of the line produced 

when the mass of water absorbe~. is plotted aga inst 

the squa re root of time, the sorptivity of the concrete 

could be determined. ,'/ 

Chloride Conductivity Testing 

The physical resistance of concrete to chloride ingress 

was assessed using the chloride conductivity test 

where concrete samples were tested in a two cell 

conduction rigI5). The oven-dried concrete core sam

ples were initially vacuum-saturated in a 5M N ael 

solution to sta ndardize the pore solution.The con
crete samples were then clamped in the two cell con

duction rig and a 10 V potential difference applied 

across the sample (see Figure 3). The chloride con

ductivity was determined by measuring the current 

flowing through the concrete under the applied poten
tial difference. 
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DISCUSSION OF RESULTS 

The workabi li ty of metakaol in concrete mixes was 
poorer than eqUiva lent pee concrete and some 

allowance (ie. use of superplastericers) needs to be 

made for this phenomenon as wi th silica fume con

crete. The variable workabil ity of the concrete mixes 

wou ld have some implications on the hardened 

properties of the materia l and should be considered 

when making comparisons between different con

cretes. Slumps recorded for the six mixes are shown 

in Table 2 while a summary of al l laboratory results 

is shown in Table 3. e lear trends are apparent with 

respect to grade of concrete, cur ing regime and 

binder type. These trends are discussed in more 
detail below where results from each test method 

are analyzed. 

Compressive Strength Results 

eontrol pee concrete had lower than expected 

compress ive strengths due to the poorer perfor

mance of pee compared with ope material. The 

use of metakaolin in concrete resulted in faster strength 

development that pee concrete when wet cured. 

Even dry cured metakaolin concrete was found to 

have higher 28 day strengths than similar pee con
crete. The negative effect of dry cur ing was more 
noticeable on metakaolin concretes compared with 

pee concrete. eoncrete containing imported 
metakaol in (MKM) consistently outperformed with 

strengths on average 48 % better than pee concrete. 

A comparison of 28 day compressive strengths is 
showA in Figure 4. . 

Oxygen Permeability Results 

Results from oxygen permability testing showed con

sistent trends which would indica te that increasing 

grode, wet curi ng and the use of metakaolin 

reduced the permeability of concrete (see Figure 5). 

Metakaolin concrete had consistently lower perme

ability than similar pee concrete even w hen dry 

cured . The imported metakaolin (MKM) consistently 

out performed the local material (MKS) for both 

concrete grades and curing reg imes. Interestingly 

the effect of curing was more marked w ith pee 

concrete than metakaol in concrete w hich suggests 

that the pozzolanic reaction was rapid and not as 

significantly affected by drying. 

Water Sorptivity Results 

Water sorptivity was found to reduce with increas

ing grade of concrete, wet curing and addi tion of 
meta kaolin. Metakaolin concrete had consistently 

lower sorptivity than pee concrete (roughly 40% 
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lower when moist cured and over' 100% lower 

when dry cured). The difference in\ esults between 

the two metakaolin types was not marked but was 

still consistent (see Figure 6). The resul ts would indi

cate that metakaolin produces a dense surface layer 

with low absorption characteristics. 

Chloride Conductivity Results 

Trends observed in other tests were also apparent, 

but were more obvious when chloride conductivity 

results were compared as shown in Figure 7. 
Chloride conductivity values of metakaolin concrete 

were extremely low particularly when the concrete 

was wet cured. Grade 40 wet cured metakaolin 

concrete had chloride conductivity values of 0.61 
and 0.15 mS/cm (for MKS and MKM respectively) 

which compare favorable with typica l results for sili

ca fume concrete (grade 40, 10% CSF produced 

chloride conductivity of 0.54 mS/cm). From marine 

exposure trials, chloride conductivity values below 
1.00 mS/cm should produce concrete with high 

chloride resistance 161. 

CONCLUSIONS 

Results from these limited trials showed that the 
replacement of 20% cement with metakool in pro
duced concrete with rapid strength development 

and good durability potential. The effect of 

metakaolin on concrete appears to be very similar 

to that of silica fume and shows tremendous poten

tial. Local meta kaolin was less effective than the 

imported material but was still found to be very 

effective despite the limited optimization of the labo

ratory processing. Fu rther development particularly 

with regard to finer grinding could well enhance the 

performance of the locally sourced metakaolins and 

help determine the potential for commercial utiliza-

tion. " 

i .
,·;1 

Metakaolin appears to be an 'extremely useful cement 

replacement material which could help solve many 

of the durability problems in the Western Cape. The 

material has great potential since it promotes rapid 

strength development and has inherently good dura

bility characteristics. The rapid strength develop

ment means that cementitious contents do not need· 

to be increased when using metakaolin and no addi

tional cuing is necessary. The presence of alumina 
phases in particular, which are almost entirely absent 

in silica fume, should assist in increasing chloride 

binding and produce durable concretes for marine 

applications. 
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Table I: Cheri(!col and Physicol Analysis of Metakaolin 

Compound/ MKS MKM 

Property (Serino) (Meta max) 

A I20 3 41.0 46.0 

Si02 55.0 54.0 

Fe203 1.3 0.7 

CaO - -

MgO 0 .4 0.1 

K20 1.2 0.1 

Ti02 0.5 1.0 

P20 5 0.2 0.1 
.'. 

S03 - -

Blaine Fineness 1.35 2.50 
*(m 2/g) 

* Estimates based on previous work IUCT & CTL) 

Table 2: Concrete Mix Designs (Standard I m3 Mixes) 

Concrete Material! Grade 20 MPo Grade 40 MPo 

" Type Property Concrete Concrete 

Cement 240 360 
Sand 815 740 

PCC Only Stone 1100 1100 

" 
Water 200 200 

I ) 
w/c ra tio 0.83 0 .56 

,· ;1 Slump 25 mm 40 mm 

Cement 192 288 
MKS 48 72 

Metokoolin Sand 800 725 

(20% Serino) Stone 1100 1100 
Water 200 200 

w/cratio 0.83 0.56 
Slump 15 mm 10 mm 

Cement 192 288 
MKM 48 72 

Metokoolin Sand 800 725 

(20% Metomox) Stone 1100 1100 
Water 200 200 

w/c ratio 0.83 0.56 
Slump 10 mm 5 mm 
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Table 3. Summary of Laboratory Results for Concrete Types 

Test Age Cure 20MPa 
Method doys PCC 

Cube 7 Wet 13.2 

fcu 14 Wet 14.6 

(MPa) 28 Wet 16.0 
28 Dry 17.2 

Oxygen 
Perm. 28 Wet 8.85 
Index 28 Dry 8.07 

Sorp-
tivity 28 Wet 14.2 

{mm/ hr\ 1 28 Dry 23.0 

Chlor. 28 Wet 2.94 
Cond. 28 Dry 4.52 
ImS/cml 

CLAMPING 
COVER PLATE ~ 

CONCRETE SAMPLE / 
IN RUBBER COLLAR 

CONNECTION 
TO PRESSURE 
TRANSDUCER & 
DATA LOGGER 

20MPa 20MPa 40MPa 40MPa 40MPa 
MKS 

23.0 
24.8 
28.9 
22.5 

9.22 
8.7 1 

8.5 
1 1.8 

1.24 
2.23 

'" I 

MKM 

23 .8 
28.1 
31.5 
24.7 

9.56 
9 . 18 

6.3 
9 .2 

0.87 
1.20 

... 
I 

PRESSURE 
VESSEL 

CONTAINING 
OXYGEN 

PCC 

27.8 
329 
36.8 
32.7 

9.80 
8.82 

8.9 
15.7 

1.69 
2.50 

PERMEATING 
GAS OUTLET 

MKS 

31.7 
44.5 
48.2 
36.2 

9.90 
9.51 

6.3 
7.2 

0.6 1 
1.25 

AIR-TIGHT 
SEAL 

MKM 

38.2 
50.9 
56.2 
44.7 

10.36 
9.80 

4.9 
6 .5 

0.15 
0.54 

GAS INLET VALVE 
CONNECTED TO 
OXYGEN CYLINDER 

Figure I: Oxygen Permeability Apparatus 
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Figure 2: Water Sorptivity Apparatus 
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Figure 3: Chloride Conductivity Apparatus 

21 

.... 
.... 

PLASTI 
TUBES 

RUBBER 
COLLAR 

WET PAPER I TOWELS 

j 

RIGHT CELL 

No. 87 - November 1997 



WESTERN CAPE METAKAOLIN 

Concrete Beton 

/ \ 28 DAY RESULTS 

70-/ A ........................ .. ........................................................................................................................... ................................ . 

/ 
~ 60 / ~ I ~ v: ...... ... ..~_~ I 
~40 /V ~~_~ . 

~ 30-/ /··················~·······~i~~~ltj~I'ltff.III\Bil~11111!11111··~III··1 
. ..... 

~ 20 / g~ ."f{:H--+-'-++ 
:;;: 
o 
u 10 V~rr*·0: •. :.N:~ •. t++,++r0~g~+++4!0~tt+++~tjN0·~~~0~0i~~Wf~ 

.•• • : t---:; 
if-++-+-·tF .• i .·l"!:)!-++++H?"/,,.,)It-++++(X w++++Vr ..... f'M--H--H:(·J.},j;i-j-H-tf·:,,·I'!'Y MOl ST 

01/ : "//H-++-HY/ I //H--H--tf/ //It-I-H--iV//H-++-lhy7 DRY 

20 pee 20 MKS 20 MKM 40 pee 40 MKS 40 MKM 

CONCRETE MIX TYPE 

Figure 4: Compressive Strength Results 
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Figure 5: Oxygen Permeability Results 
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Figure 6: Water Sorptivity Results 
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Figure 7: Chloride Conductivity Results 
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