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Tuffs and kaolins areas evaluation for use as pozzolanic materials

Various tuffs and kaolin’s were evaluated for use in cement as pozzolanic additives. These
materials were analyzed for chemical and mineralogical composition, reactive Si content and also
were used for the production and testing of blended cements. The JOMEN tuffs, that seem to exist in
significant reserves, already appear to be problematic due to their low reactive SiO, content. The
kaolin samples that were studied included those from the KORTHPULA, VIG and DEJAI areas.
The search for suitable tuffs materials is now focused on the JOMEN area. The KORTHPULA
kaolin had a high reactive silica content and could be considered as a potential pozzolanic
additive. About the kaolins, the above conclusions were based on spot surface samples; the suitability
of the kaolins as pozzolanic additives will need to be verified based on samples of core drilling that is

planned for the near future.
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INTRODUCTION

Pozzolanic materials are natural substances of si-
liceous or silica-aluminous composition or a combi-
nation thereof. Pozzolanic materials do not harden in
themselves when mixed with water but, when finely
ground and in the presence of water they react at
normal ambient temperature with dissolved calcium
hydroxide ( Ca(OH),) to form strength-developing
calcium silicate and calcium aluminate compounds
[5-7]. Pozzolanic materials like Kaolin and Tuffs
consist essentially of reactive silicon dioxide ( SiO5,)
and aluminium oxide ( Al,O3). The remainder con-
tains of iron oxide ( Fe,O3) and other oxides. Various
tuffs and kaolins were evaluated for use in the cement
as pozzolanic additives [2-4]. Evaluation of these
materials included:

a) Chemical and mineralogical analyses.

b) Determination of reactive SiO, content.

c) Production and testing of blended cements

(Blaine, H,0%, strength).

Ignition loss is usually determined by tests in a

laboratory furnace. [1,8].

Tuffs:

Almost all of the examined tuff areas were
rejected due to either quality of the material and/or
potential local and mining conditions/problems
(including low reserves availability). The JOMEN
tuffs, that seem to exist in significant reserves,
already appear to be problematic due to their low
reactive SiO, content [8]. However, if there are
formations in the vicinity different than those already
examined, further testing is recommended.
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The search for suitable pozzolanic materials for
the BEZHAN and PUKE areas should continue
only after the investigation of geological and
local mining conditions is completed

Kaolins:

Minerals of the kaolin group differ in content of
SiO, as well as by the crystallographic structure and
optical properties [ 8 ]. The kaolin samples that were
studied included those from the KORTHPULA, VIG
and DEJAI areas that were closer to the plant. The
KORTHPULA Kkaolin had a high reactive silica
content that satisfies the EN 197-1.

However, since the laboratory cement produced
with that had a high water demand due to the
presence of clays, further testing is needed when used
for concrete manufacturing. The cement produced
with the VIG kaolin had a satisfactory strength and
a low water demand. Hence, if the reactive silica of
the VIG kaolin content exceeds that required by the
EN 197-1 it could be considered as a potential
pozzolana [6,9,11].

MATERIALS AND METHODS

Materials used in this study were selected tuffs
and kaolin’s samples from different areas closer and
far from the plant. The methods used for analyzing all
these samples are X-Ray fluorescence and Wet
Chemical Analysis [8]. Samples were prepared for
measurement in the X-Ray Fluorescence apparatus in
the form of tablets as follows. Upon arrival at the
laboratory samples initially is made the determination
of moisture and then pass on crusher to reduce the
fines below 5 mm. Then we mix the sample well and
weight respectively 12 g and 6 g of the same material
and put in the Polab-APM apparatus for sample
preparation in the form of tablets. After preparing the
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samples in the form of tablets we clean them with air
and then introduce to the XRF measurement
apparatus and make measurements of each material
according to the respective calibration curves. Once
the measurement is finished we take the results for
each element and based on these results we judge on
the quality of each material. For the wet chemical
analysis we have followed the European Standard EN
196-2 [8].
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RESULTS AND DISCUSSION

I. Tuffs

Tuff samples from the areas listed in the
following table along with their XRF chemical
analyses, were evaluated for use in cement as
pozzolanic additives. The reactive silica content of
selected tuff samples determined according to EN
197-1 is also reported [1,6]. The chemical analysis
and the reactive silica content are presented in table 1.

Table 1 - Tuffs chemical analysis and the reactive silica content

Location Nr | SiO, | ALO; | Fe,0; | Ca0 | MgO | KO | NaO | SO; | LOI | SuM | 22
GRAMSH 1 7434 [1207 [121 o062 |019 [439 [300 |o000 | 434 | 10014

> [7346 |1182 [204 [035 [140 |7.08 [000 [000 [299 | 90.14

3 |6739 | 1235 223 [218 [153 | 752 | 000 |o000 | 404 | 9724 | 780

4 |6992 |1364 | 254 |030 |18 [812 |000 |o000 |386 | 10022

5 |7255 | 1226 | 216 | 046 | 217 |676 | 000 | 000 | 342 | 99.79

6 | 7044 |1205 |242 |o042 |227 [750 [000 |o000 |370 [ 9970

7 | 568 |1858 |388 | 174 |077 |555 |337 | 000 | 766 | 98.37

8 |5436 | 2081 |478 |126 | 106 |411 | 234 |00t | 1002 | 9873

avg | 6741 | 1431 | 266 | 092 |140 |638 [ 109 |o000 | 500 |99.17
VRAP o [6222 [1549 [411 [309 [252 [146 [210 [o000 | 792 [ 9800

10 | 6426 [1350 [334 196 [311 [ 156 | 123 [000 | 049 [o9855 [ 4745

11 |6314 |1334 [373 |192 [364 |141 |093 | 000 [ 928 |o97.39

12 |6216 | 1308 |38 |250 |355 |143 | 086 | 000 | 956 | 97.94

13 | 7008 1236 | 213 | 160 | 151 | 242 [111 [ 000 | 911 | 10027

14 | 6603 | 1288 | 264 | 196 | 197 |104 096 | 000 | 1114 | 9953

15 | 6695 |1307 | 253 | 168 | 168 | 210 | 190 | o000 | 897 | 9887

16 | 6678 | 1207 | 235 |230 |1.30 |220 [178 | o002 | 850 | 9828

17 | 6858 | 1282 | 233 |162 | 119 |223 | 197 |o000 | 799 | 9875

18 | 6757 | 1362 | 259 | 215 | 106 | 204 | 246 | 000 | 727 | 9876

avq | 6577 | 1341 | 296 | 200 |215 |18 | 153 | 000 | 893 | 9872
JOMEN 19 |4008 |794 |385 |1650 | 753 |257 |000 |013 | 2216 | 10076
(GJIROKASTER)

20 [5770 |1536 [517 [116 |59 [506 |000 |o003 [786 | 9833

21 [ 5512 |1416 | 591 | 326 | 562 | 489 | 000 |002 [ 995 | 9892

22 [ 6217 |1320 [595 |125 |378 |481 000 |o004 | 681 | 9800

23 [4626 | 1184 |49 |970 |646 | 252 | 176 | 006 | 1620 | 99.78

24 | 5143 | 1416 | 567 | 575 | 457 | 302 | 182 | 005 | 1217 | 9864 | 460

o5 [ 5381 | 1570 |635 | 272 |417 | 259 | 283 |o001 | 982 | 9800

26 | 5384 | 1239 | 484 |594 |592 |48t |000 |o001 | 1211 | 9985

27 |5784 |692 [307 [1320 [246 185 | 000 o001 | 1470 | 10005

28 | 3636 | 625 |205 |2632 | 198 | 187 | 000 |000 | 262 | 101,05

avq | 5146 | 1179 | 478 | 858 | 485 | 340 | 064 | 004 | 1381 | 99,34
MUZINE 29 |8452 |627 |29 |020 |073 | 152 |000 |000 | 428 | 10049
(DELVINE)

30 [6917 |1230 | 580 |002 | 140 [377 | 000 000 [613 |9e858 | 346

31 | 8652 |506 |239 |o011 | 053 | 133 |000 |o000 [387 | 9981

avg | 8007 | 788 372 |o11 |089 | 220 [ 000 |o000 | 476 | 9963
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DOMNIE 32 9199 [318 [152 [o031 [050 [072 [000 [007 |19 [ 10024
SHKODER
33 |7160 |1449 |[250 014 |154 |368 | 000 |000 |5.32 | 9928
34 |7764 |1158 [191 016 |075 | 148 | 000 |000 |531 | 9882
35 6692 |1779 |261 |010 |08 |209 |000 |000 |778 |9816 | 3884
36 |7237 | 1387 |279 |026 |105 | 174 | 000 |o000 |701 | 9908
37 o179 [341 [154 [017 [042 [o075 [000 |o000 [179 [ 9986
38 6346 |294 |138 |1713 | 083 | 082 | 000 | 000 | 1459 | 101,14
39 [8509 [563 |234 |040 |099 |167 | 000 |000 |275 | 9888
40 [ 7353 [432 [200 [982 [080 [103 [000 [024 [7,60 | 9933
avg | 7716 | 858 |[206 [316 [o086 |155 [000 |003 |601 |9942
DUMREA 41 |6276 |1036 [565 |[506 [337 [153 [060 [000 [870 |9802 | 1668
(BELSH) 42 7139 [830 [415 [311 [233 [130 [054 [000 | 775 | 9886
43 |[5645 |1198 |650 |[517 [449 | 180 | 043 [o000 [ 11,05 | 99,85
avg | 5275 [890 |[389 |[1424 [251 [149 [047 [003 | 1517 | 9891
CAKRAN 44 | 4945 [1016 [532 [1337 [360 |18 [056 [000 | 1521 [9951 [ 13,07
45 [ 4413 [1063 [453 |[1679 [326 [ 176 [047 [o010 [ 1835 | 10002
46 [5033 |[566 [201 |[2064 [130 [o084 [000 [o010 [2067 10155
47 | 4157 [622 [225 |[2717 [ 158 [ 102 [000 [o008 |2018] 10007
48 [4052 [590 [197 [2769 [136 [093 [000 [002 [ 2095 99,34
49 [5811 [1088 [264 [920 [135 [236 | 160 [000 [1370 | 99,85
50 [2930 |58 [194 [3501 [154 |096 [ 000 | 009 |2605] 10073
51 7095 [1282 [194 [145 [080 [319 [214 [o000 [679 | 10009
52 [3806 [891 |48 |2356 |396 | 172 |300 |003 |1544 | 9954
53 [2033 |58 [194 [3513 [154 | 095 | 000 |009 | 2602 | 10083
54 |[5834 |1151 |224 631 |120 |257 | 166 | 003 | 1668 | 10054
55 |4591 |1902 |406 |1038 |28 |039 |000 |003 |1785 | 10049
56 |2278 |629 |18 |3867 |141 | 1,08 | 000 | 005 | 2805 | 10021
57 [6337 [1131 244 [675 |122 |278 [220 | o000 | 1098 | 101,05
58 |5998 |1187 |28 [747 |162 [235 [141 [o001 |11,18 [ 9872
59 [6912 [1241 [167 [149 [062 [316 | 209 [o000 |766 |9821
avg | 4820 970 [278 |[1757 [18 [ 174 [095 [o004 [ 1724 | 10005
BEZHAN 60 |6459 |988 [442 [540 [236 | 139 |087 |o00L [891 [9784
61 |3969 |1007 [398 [1857 [322 [105 [000 [023 | 1810 | 9401
62 | 4212 [979 [645 o085 [310 [131 [068 |o011 |11,74 | 7616
63 5427 |1277 646 [351 [404 [152 [000 | o029 [ 1494 | 97,80
64 |[5412 [1220 [1221 [117 [346 | 158 | 000 |016 | 1243 | 9723
65 |5564 |1327 |678 |220 |394 |164 | 179 |037 | 1289 | 9851
avg | 51,74 |1131 [672 [528 [335 [142 [056 [o020 [1317 [ 80,35
HELMES 66 | 1954 |507 |19 |4224 [325 [025 [000 | o002 |3674] 10901
67 | 1507 | 422 | 1,70 | 4508 | 497 | 0,04 | 000 | 004 [ 4085 | 11197
68 | 4447 | 788 | 725 10,34 [ 1572 | 0,00 | 2,00 | 001 [ 11,79 [ 99,55
69 | 1675 | 282 | 099 [ 4862 | 1,87 [ 000 | 000 [ 001 | 4025 111,31
70 | 391 | 116 | 050 [ 4636 [ 037 | 003 | 008 | 004 3685 89,30
71 | 5037 | 1147 | 867 | 171 | 519 | 093 | 254 | 003 | 758 | 97.49
72 | 4918 | 818 | 749 | 691 [12,96 | 0,88 | 000 | 0,00 [ 1246 | 9805
73 | 2286 | 305 | 292 [2978 | 325 [ 0,17 | 006 | 0,00 [ 3027 | 92,36
avg | 2889 | 548 | 392 | 2887 | 594 | 029 | 059 | 0018 | 27.09 | 10112
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Only two of the examined tuff samples, namely
from the VRAP and DOMNIE areas, had a reactive
silica content exceeding that required by the EN

Table 2 - VRAP tuff laboratory cement analysis
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197-1. Testing of a laboratory cement produced with
the VRAP tuff showed a high late strength [6,9,10].

Nr %VRAP Blaine H,0% In. Setting Time | Fin. Setting Time|  1-d 2-d 7-d 28d
1 0 3330 234 100 150 102 181 29.7 447
2 20 5000 30.6 180 230 135 218 36.0 493

Both of the above together with the SHKODER
area tuffs have been rejected as potential quarries due
to inadequate reserves and non-favorable mining
conditions/problems. The GRAMSH, JOMEN/GJI-
ROKASTER, MUZINE, DUMREA and CACRAN
tuffs had a low reactive SiO, and could not be used as
pozzolanic additives according to EN 197-1 [6].
Preliminary examination of the HELMES samples
indicated that the quality of the raw materials from
this area was rather low, since most of the samples
had low a SiO, and a high carbonate content. Even
though the reactive silica content in one of the
JOMEN tuff samples came up low, the present

Table 3 - KAOLINS laboratory cement analysis

investigation should focus on this area due to its
considerable reserves and favorable mining
conditions.

1. Kaolins

Kaolins from the Korthpula (react. SiO,=41.6),
Vig and Kaster areas were also examined as
alternative pozzolanic sources. The strength of the
respective laboratory cements was acceptable but
the water demand of the cement produced with the
Korthpula kaolin was high and that could cause
problems in concrete [6 - 10].

Nr Location Blaine H,0% In. Setting Time | Fin. Setting Time 1d 2-d 7-d 28-d
1 - 3330 23.4 100 150 135 21.8 36.0 49.3
2 Korthpula 4430 334 140 200 109 158 265 35.8
3 Via 4580 26.8 180 240 9.0 154 27.1 36.2
4 Kaster 4540 26.8 160 210 10.8 15.6 28.5 39.3

CONCLUSIONS

Tuffs: Almost all of the examined tuffs areas
were rejected due to either quality of the material
and/or potential mining conditions/problems and low
reserves potential. The search for suitable pozzolanic
materials is now focused on the JOMEN area due
to its considerable reserves and favorable mining
conditions despite its low reactive silica and
additional tests and sampling is necessary. Further, it
is recommended to clarify the potential of the areas of
BEZHAN and PUKE.

Kaolins: The KORTHPULA kaolin had a high
reactive silica content and could be considered as a
potential pozzolana. However, the water demand of
the respective blended cement was high and that
could be a drawback when used for concrete
manufacturing. The lab cement produced with the
VIG kaolin had a low water demand and a
satisfactory strength. Hence, the VIG kaolin could be

used as pozzolana in case its reactive SiO, comes out
higher than the min. limit of the EN 197-1. The above
conclusions were based on spot surface samples; the
suitability of the kaolins as pozzolanic additives will
need to be verified based on samples of core drilling
that is planned for the near future.
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IZVOD

TUFOVI | KAOLINI 1IZ RAZLICITIH OBLASTI ZA UPOTREBU
KAO POCOLANSKI MATERIJALLI

Razni tufovi i kaolini bili su razmatrani za upotrebu u cementnoj industriji kao pocolanski aditivi. Ovi
materijali su analizirani na hemijski i mineraloski sastav, sadrzaj reaktivnog Si, a takode, su koris¢eni
za proizvodnju i testiranje raznih mesavina cementa. Tufovi iz JOMENSKE oblasti, koji postoje u
znacajnim rezervama, problematicni su zbog niskog sadrZaja reaktivnog SiO,. Uzorci kaolina, koji su
proucavani, uzeti su iz oblasti KORTHPULA, VIG i DEJAI. Potraga za odgovarajuéim tuf-
materijalima je sada fokusirana na JOMEN oblasti. Kaolin iz KORTHPULA ima visok sadrzaj
reaktivnog Si i moZe se smatrati kao potencijalni pocolanski aditiv. Navedeni zakljucci o podobnosti
kaolina, kao pocolanskog aditiva iz ovih oblasti, na osnovu uzoraka sa povrsine zemljista, morace da
se verifikuju na osnovu uzoraka uzetih sa vec¢ih dubina, koji su planirani za blisku buducnost.

Kljuéne redi: tuf, kaolin, pocolanski aditiv, cement.
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Originalni na¢ni rad
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