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Abstract

This paper reports an investigation of the cffect of the particle size of kaolin on its transforma-
tion to metakaolinite, Kaolin from the island of Milos was either crushed or ground in order to
produce four samples with different degrees of fineness (residue at 500 pm: 0-71.8%). The sam-
ples were treated thermally under different conditiang in arder ta determine the optimnm treat-
ment conditions. The conversion of kaolinite to metakaolinite and the structural changes in the
material during treatment were investigated by means of TG and XRD, respectively. Each sample
was incorporated into a type | cement, at 20% by mass of cement, and the compressive strengths
of the resulting blended cements were measured. It is concluded that the particle size of the raw
kaolin does not affect the thermal conversion or the pozzolanie activity of the material. The use of
crushed kaetin has many benefits since the furnace load can be increased, while the grinding pro-
cess is needed only to reduce the size of the melakaolinite particles.
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Introduction

The most common cementitious materials that are used as concrete constituents
are fly ash, ggbs (ground granulated blastfurnace slag) and silica fume. They save
cncrgy, conscrve resources and have many technical benefits [1]. Mctakaolinite, pro-
duced by the controlled thermal treatment of kaolin, can be used as a concrete con-
stituent, since it has pozzolanic properties [2, 3].

The litcrature indicates that rescarch work on the transformation of kaolinite to
melakaolinite is focused on three main arcas. The first is the effect of the kaoclin
structure on the kaolinite-to-metakaolinite conversion [4-9]. The second deals with
the usc of thermoanalytical methods lor investigation of the thermal treatment of
kaolin [10-15], while the third concerns the pozzolanic behaviour of metakaolinite
[2-3, 16-19]. Although there is disagreement in many partial topics, the level of
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knowledge is satisfactory and is being continuously extended. [t must be noted that
the literature does not give answers to the cifect of the kaolin particle size on the pro-
cedure, although this parameter affects mainly the economics of the processing.

The subject of this paper is the kaolin-lo-metakaolinite conversion in relation to
the duration and temperature of thermal treatment and the kaolin particle size. Addi-
tionally, the pozzolanic reactivity of the material produced is tested. This work com-
prises part of a project developed in our laboratory, aimed at an evaluation of poor-
quality Greek kaolins.

Experimental

Results of the chemical analysis of the kaolin from the island ol Milos are given
in Table 1, while its XRD patlern is shown in Fig. 1. The main constituents of the
kaolin are kaolinite and quartz. Alunite and cristobalite are also preseat as minor
constituents, The kaolin was cither crushed or ground in order to produce four sam-
ples with different degrees of fineness, referred as CR1, CR2, CR3 and GR, respec-
tively. The particle size distributions of the samples, according to Rosin-Rammlcr,
are shown in Fig. 2. The residue at 500 um of the samples varies in the range
71.8-0.0%.

Table 1 Chemical analysis of the kaolin

Chemical analysis /%
Si0, AlLO, Fe,0, CaCG MgO K,O Na,O SO, LOI
64.58 20.49 0.72 0.50 0.12 0.20 0.00 2.00 8.10

278.0

Cps

Fig. 1 XRD pattern of kaolin; | - kaolinite; 2 — quariz; 3 — cristobalite; 4 - alunite

The experimental procedure consists of the following stages.

Determination of the optimum treatment conditions

In order to define the optimum temperature, the sample GR (mass 140 g) was
treated thermally at 550-950°C for a constant time of 3 h, using a laboratory pro-
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rammable furnace. The temperature was raised at a constant rate {(10°C min™ ") from
mbicnt to the desired temperature.

In order to determine the optimum heating time, the cample GR was thermally
reated at the previously established temperature for 1-8 h.
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Fig. 2 Particle size distributions (Rosin-Rammler) of the crushed er ground kaolins

In both cases, thermogravimetric analysis (TG) was used to determing the losses
n mass ol the calcined kaolin samples, using a Netzsch STA409C instrument. The
;amples (~50 mg) were heated over the range 20 o 950°C at a constant rate of
20°C min”! in an atmosphere of air.

In addition, each sample was incorporated into a Type [ cement, at 20% by mass
st cement, and the compressive strengths of the resulting blended cements were
neasured after 1, 2, 7 and 28 days (EN 196-1).

Finally, powdered samples were measured on a Siemens D5000 dilfractometer
nd the data were evaluated by means of Siemens ‘Diffrac Eva’ software in order to
.dentify the conversion of kaolinite to metakaclinite,

Elfcct of the kaolin particle size on the result of thermal treatment

The samples CR1-CR3 and GR were thermally treated under the defined condi-
tions. TG, XRD and compressive strength tests were carried out, as described abuove.

Results and discussion

Table 2 shows the losses in mass (TG) of the calcined samples. The untreated
kaolin loses 8.1% of its mass in the range 20-950°C. The loss in mass up o 650°C
is mostly duc to combined water in the structure of the kaolinite mineral, while the
rest of the loss up 1o 950°C is caused by the removal of 805 from alunite.

The XRD patterns of the above kaolin samples are shown in Fig. 3. The charac-
teristic peaks of kaolinite are present in the raw kaolin, but disappear from the pat-
terns of samples calcined over 650°C. Incomplete metakaolinization is indicated
only in the kaolin treated at $50°C. Each sample, at 20% by mass ol cement, was in-
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Table 2 Loss in mass ol calcined kaolin, treated at different temperatures for 3 h

Treatment temperature/’C  Untreated kaolin 550 650 750 850 950
Mass loss (TG)% 8.10 2.44 1.61 (.65 0.19 0.08
Table 3 Compressive strength tests; the effect of the treatment temperature {1=3 h)
ive © -2
Sample Tempféamre‘l Compressive strength/N mm
I day 2d 7d 28d
OPC 21.0 30.1 43.5 557
GR untreaied 14.2 22.7 34.6 47.1
GR 550 H.1 19.8 350 531
GR 650 10.3 20.0 353 56.7
GR 750 10.8 20.8 36.2 36.2
GR 850 13.5 23.2 36.1 563
GR 950 14.7 23.5 354 50.0
950°C, 3h
i) 750°C, 3h
850°C, 3n
550°C, 3h
§ raw kaolin
10 15 20 B
28

Fig. 3 XRD patterns of kaolin samples treated al different temperatures

corporated into a Type I cement and the compressive strengths of the resulting
blended cements were measured (Table 3). The replacement of 20% of the cement
lowers the carly strength of a sample, as expected, due (o the delay in the pozzolanic
reaction. However, at 28 days, the samples containing metakaolinite after thermal
treatment at 650-850°C yield the same strength as that of the mortar with pure OPC
and a much higher strength than that of the mortar containing uncalcined kaclin, In
Fig. 4, the pozzolanic bchaviour of metakaolinite is clearly indicated. All the above
results demonstrate that 6§50°C is the optimum temperature.

J. Therm. Anal. Cal., 56, 1999
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Fig. 4 Pozzolanic behaviour of thermally treated kaolin

The losses in mass (TG) of the calcined kaolins treated at 650°C for 1§ h are
given in Table 4. The samples ueated for 3, 4, 6 or § h display ncgligible differences.
The results of the compressive strength tests (Table 5) revealed that, after treatment
at 650°C for 2-3 h, the mortars with 20% replacement of the OPC by calcined kaolin
have higher 28-day compressive strengths as compared with the mortars containing
kaolin heated at 650°C for more than 3 h.

Iable 4 Lose in mass of calcined kaolin treated at 650°C for 1-R h

Time/h 1 2 3 4 6 8
Mass loss {TG)/% 1.93 .81 1.61 1.54 1.56 1.55

Table 5 Compressive sirength tests; the effect of the duration of treatment (T=650"C)

Compressive strength/N mm

Time/h

| day 24d 7d 28 d
t 0.0 20.6 343 538
2 10.2 20.0 355 56.5
3 10.3 20.0 353 567
4 10.0 19.9 352 55.1
6 10.5 19.5 354 53.8
8 9.8 19.5 353 54.8

Table 6 Loss in mass of calcined kaolin (m=140 g, 650°C, 3 h); the effect of the kaolin particle
size

Sample CRI CR2 CR3 GR
Mass loss (TG % 1.22 1.30 1.12 1.61
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On the basis of the above results (Tables 2-5), a temperature of 650°C and a heat-
ing duration of 3 h werc chosen for the investigation of the effect of the kaolin par-
ticle size on the Kaolinite-to-metakaolinite transformation.

The kaolins with different particle sizes were treated at 650°C for 3 h and the
losses in mass of the calcined samples were determined by means of TG (Table 6).
It was found that the coarser kaolins (CR1-CR3) undergo lower 1osses in mass thin
that of the ground one (GR) (a low loss in mass of the calcined kaolin corresponds
to a greater degree of conversion during heating). The above phenomenon may be at-
tributed to the lesser depth of the material bed in the case ol the coarse kaolin as the
hulk density of the coarse kaolin (dep =1186 kg m™?) is greater than that of the
ground one {dgr=826 kg m™*). Experiments on samples with the same bed depth, but
with modification of the sample mass, indicated a similar mass loss for all the sam-
ples (Table 7).

Table 7 Losses i mass of calcined samples wilh different particle sizes and the same bed depth

(650°C,3 h)
Sample CR1 CR2 CR3 GR
Bulk density/kg m 1186 1157 1108 826
Mass/g 201 196 188 140
Mass loss (TGY% 1.56 1.65 1.63 1.61

Table § Compressive strength (ests; effect of the kaolin particle siz¢ (Treatment conditions: t=3 h,

T=650"C)
Swple Compressive strength/N mim
| day 2d 7d 28 d
CR] 11.0 19.4 35.5 522
CR2Z 9.4 20.5 35.3 52.8
CR3 10.1 20.1 35.5 532
GR 11.3 16.5 359 53.1

The XRD patterns of the above kaolin samples demonstrated the disappearance
of the characteristic peaks ol kaolinite. After grinding of the coarse kaolins (CR1-
CR3), the compressive strength tests revealed (Table 8) that the mortars with 20%
replacement of OPC hy calcined kaolin have the same 28-day strengths, inde-
pendently ol the initial kaolin particle size. The above results arc of great interest, as
the use of crushed kaolin instead of ground kaolin has many benefits since the fur-
nace load can he increased, while the grinding process is needed only to reduce the
size of the metakaolinite particles.

I Therm. Andal. Cal,, 56, 1999
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Conclusions

The fullowing conclusions can be drawn from the present study:

The particle size of the initial kaolin (for the studied range of fineness) does not af-
fect the kaolinite transformation not the pozzolanic behaviour of the material produced.

The used of crushed kaolin has many benefits since the furnace load can be in-
creased, while the grinding process is needed only to reduce the size of the
metakaolinite particles.

* ok ok

The authors wish to acknowledge the help of the Titan Cement Company S.A. for rescarch
collaboration on the evaluation of poor-quality Greek kaolins.
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