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The effects of four grinding asds on the process of grinding Portland clinker
and on the properties of gypsum-free cements prepared from the ‘clinker were
investigated with respect to particle size distribuiton, the surface area obtained,
apparent viscosity of the cement pastes, the time course of the hydrating re-
actions and the compressive strength. The results indicate that from the stand-
pownt of early and long-term strength, the ABESON-TEA aid ts superior
to the LIGRASOL aid used so far.

INTRODUCTION

Gypsum-free Portland cements (GFC) are inorganic binders in which the re-
tarding effect of gypsum is replaced by a control system comprising the combi-
nation of an alkaline metal salt and a surface-active substance (SAS). This change
in the chemical composition of cement, jointly with finer grinding, allows pastes
with a very low cement-water ratio (w = 0.20) to be prepared; the corresponding
mortars and concretes show high early strength and chemical durability.

The Portland clinker from which the GFCs are prepared is ground to a specific
surface area of 400 to 700 m2kg~1 (Blaine) with the use of efficient grinding aids.
In this way the substances become a part of the cement and influence its proper-
ties, such as rheology, time course of hydration and the mechanical properties.

THEORETICAL

The significance of grinding aids in the grinding process

An addition of surface-active substances (SAS) and grinding in a certain de-
fined medium (inert gases) allows the efficiency of the grinding process to be
raised, and thus the energy per unit surface can be reduced [1]. The effect of
grinding aids on the process is explained in two ways:

1. By affecting the grinding proper where the energy consumption is cut down
as a result of decreasing the surface energy.

2. By the anti-agglomerating effect where adsorption on the surface of frac-
ture areas inhibits rejoining of the surfaces by repulsive forces which do
not allow them to approach one the other to a distance of intermolecular
forces.

On the basis of practical experience, some authors have established the regions
of optimum concentrations of grinding aids, which depend on the type of the aid,
the grinding pebs, the mill, ete. [3].
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Grinding aids and GFC

Brunauer [4] points out that grinding aids are used not only to achieve a higher
finenness of the ground clinker, but also to influence the workability and strength
of pastes, mortars and concretes based on GFCs. In this respect, the best results
are obtained with the SAS-type aids containing both polar and non-polar groups.
The polar groups are attracted by ions on the clinker surface while the non-polar
parts of the SAS molecules are directed outwards from the clinker surface. The
clinker grains are therefore somewhat hydrophobized, thus slowing down hydra-
tion and allowing the Newtonian behaviour of the paste to be approached in spite
of the high finenness of the ground clinker. The grinding aid itself is not capable
of controlling the consistency of the binder but has this effect in conjunction with
the plasticizer and the alkali metal salt. It seems that the hydrophobic film formed
in the course of grinding on the surface of clinker grains inhibits at first access of
water to the clinker grain surface and in this way retards hydration, of course
in dependence on the type of the grinding aid employed. The retarding effect
proper is therefore a result of the joint effects of the grinding aid, the plasticizer
and the alkali metal salt. In the case of GFCs, this combination substitutes the
retarding effect of gypsum in classical Portland cements, producing a qualitatively
novel bype of cement with different physico-chemical properties.

Triethanolamine, which is known as an efficient aid for the grinding of Portland
cement, was used as a typical representative of liquid grinding aids in the present
study. Special attention was paid to a triethanolamine derivative manufactured
in this country under the trade name ABESON-FEA. This compound belongs
among anionic SAS forming negatively charged surface-active ions on dissociation
in water. It was chosen as a suitable grinding aid for GFC because of its great
surface activity, i.e. the ability to form surface adsorption layers. Sodium ligno-
sulphonate (trade name LIGRASOR), so far considered the most suitable grinding
aid for GFC [5], and amorphous SiO, (trade name KOMSIL), which was expected
to have an anti-agglomerating effect and a favourable influence on the stability
and rheological properties of GFC [6], were seleated from the group of powdered
grinding aids.

EXPERIMENTAL

Clinker from the Lochkov cement works was precrushed, homogenized, and
its 0—2 mm fraction used for grinding. The chemical and mineralogical compo-
sition of the clinker is given in Tables I and II. The grinding was carried out under
constant conditions in a ball mill with a chamber capacity of 23 dms3. The clinker
was always precrushed in a jaw crusher. Table III lists the values of specific surface
area attained after 5 hours of grinding. The amounts of grinding aids are given
in wt. 9, of ground clinker.

Table 1
Chemical composition of the Portland clinker (wt . %)
. N .
Ca0O | Si0, | ALO; | Fe0; | MgO S0, fzgzg free CaO | ign. loss
66.10 21.16 5.25 2.30 2.01 [ 1.06 0.85 1.0 0.13
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Table 1T
Mineralogical composition of the portland clinker [wt . %]
C;;S Czs C3A C4AF free CaO
73.1 7.8 14.6 2.9 1.2
Table 111
Specific surface area of the ground clinker
. . Dose Specific area
Grinding aid (Wt. %) Izmzkg—l) State
triethanolamine 0.056 510 1
ABESON-TEA 0.056 560 1
LIGRASOL 0.3 6540 8
KOMSIL 0.3 490 8

Pastes of GFC were prepared with additions of anhydrous sodium carbonate
and the KORTAN-FM compound, which is a sodium-ferric salt of the condensed
product of phenol with formaldehyde, where a technical mixture of bivalent
phenols serves as the initial raw material. All of the pastes were prepared by mi-
xing 100 g of the ground clinker with 23 ml of aqueous solution (in distilled water),
containing 0.4 g of KORTAN-FM and 1 g of sodium carbonate.

The particle size distribution and frequency function was determined by the
Couler Counter AII instrument.

The initial setting time of the cement pastes was established by a conduction
calorimeter which was found suitable for the GF-type of cement. The theoretical
explanation and a description of the function of the instrument is given in [7, 8].
The time course of the hydration was likewise measured by a conductivity calori-
meter.

The apparent viscosity of the cement pastes was measured by the RN 211
viscometer (GDR).

Some of the paste was cast into a steel mould with six compartments 2 X2 X 2 cm
in size. After the respective time of hydration, the copmressive strength of the
specimens was measured, always 2, 24 hours, 7, 28 and 180 days after the time
of initial set, using the ZD 10/90 (GDR) tester. For 24 hours after casting, the
specimens were kept in a medium of saturated water vapour, after 24 hours they
were immersed in water.

DISCUSSION OF THE RESULTS

The grain size frequency functions are plotted in Fig. 1. The frequency functions
of clinker ground with ABESON-TEA and LIGRASOL are very similar in spite
of the fact that the substances are completely dissimilar as regards state, chemical
composition as well as the concentrations employed. As the amount of LIGRASOL
applied was six times that of ABESON-TEA, the latter can be considered a very
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efficient grinding aid, intensifying the grinding process better than LIGRASOL
used in finely powdered form. The above grain size functions differ sharply from
those of clinkers ground with triethanolamine and KOMSIL. In the former case,
the peak value of the function is the highest, while in the latter it is the lowest
and in addition to this, it is shifted to a lower value of particle size d. The compa-
ratively sharp course of the grain size function for the sample with triethanolamine
is a possible explanation of the highest value of apparent viscosity or the respective
cement paste (Table IV).

Table 1V
Apparent viscosity 7. of the cement pastes
| |
Grinding aid ‘ triethanolamine i ABESON-TEA | LIGRASOL ' KOMSIL
7e [Pa s) ‘ 3.14 \ 1.94 1.62 ‘ 1.22
€ 2}
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Fig. 1. The course of grain sizefrequency functions Y'(d) 1| — triethanolamine, 2 — ABESON-TEA,
3 — LIGRASOL, 4 — KOMSIL.

The times of initial set of the cement pastes are given in Table V and the time
course of the hydrating reaction is plotted in Fig. 2. The shortest initial set is
exhibited by the paste of clinker ground with triethanolamine and the longest
by that of clinker ground with KOMSIL. An exception is provided by the paste
with clinker ground with LIGRASOL where the retarding effect of KORTAN-FM
was superimposed by that of LIGRASOL. The same phenomenon can be observed
on the curves of time dependence of hydration and on those of compressive strength
(Fig. 2 and Table V). The hydration time course curves show two peaks except for
that of the paste with triethanolamine, where the thermal effect in the initial
stage overlaps the other peak. The hydrating reaction of ground clinker in aqueous
suspension is known to proceed in two stages [9], indicated by two peaks on the
curve of time dependence of the liberated heat. The first is explained by hydration
of a small proportion of C;A to C4AH,y, and the other corresponds to hydration
of C;8, C,S and the other solid phases to cement gel. The disproportionate size
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Table V
Initial set and compressive strength of the cement pastes
o ) Initial Compressive strength (MPa)
Grinding aid .
set, min.
2h 24h 7 days 28 days | 180 days
triethanolamine 39 14.5 56.0 62.6 86.3 122.5
ABESON-TEA 49 9.3 68.5 88.6 99.0 176.0
LIGRASOL 106 4.0 63.6 77.0 102.56 161.0
KOMSIL 163 4.6 68.0 80.0 102.5 170.0
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Fig. 2. Time course of the hydration reactions of ground clinker 1 — triethanolamine, 2 — ABESON-
TEA,3 — LIGRASOL, 4 — KOMSIL.

of the first peak of the sample with trichanolamine can be explained by an acce-
lerating effect of triethanolamine on the hydration of C;A [10]. In the case of the
sample with KOMSIL, the second peak is even larger than the first one, this being
obviously associated with the effect of amorphous SiO, [6].

The development of compressive strength (Table V) gives evidence for the
advisability of using triethamolamine when early high strength is required, whe-
reas the use of ABESON-TEA represents a certain optimum, providing consi-
derable early- as well as long-term strength, which is not the case of the other aids.

CONCLUSION

The study of clinker ground with selected grinding aids allows the following
conclusions to be formulated:

1. a) The efficiency of the grinding aids expressed in specific area attained
after 5 hours of grinding decreases in the sequence ABESON-TEA >
> LIGRASOL > triethanolamine > KOMSIL.

b) The effect of the grinding aids on the rheological properties of cement
pastes, . characterized by apparent viscosity at water-cement ratio

w: = 0.23, increases in the sequence
KOMSIL > LIGRASOL > ABESON-TEA > triethanolamine.
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1. ¢) The influence of the grinding aids on mechanical properties of hardened
cement pastes, characterized by the development of compressive
strengths, is expressed by the sequence
triethanolamine > ABESON-TEA > KOMSIL > LIGRASOL

d) The effect of the grinding aids on the development of the heat of hydra-
tion, characterized by the heat liberated during the init.al stage of the
hydration reaction, is expressed by the sequence
triethanolamine > ABESON-TEA > LIGRASOL > KOMSIL.

2. a) Compared to the other cement pastes studied, that prepared from clin-
ker ground with triethanolamine exhibits the highest apparent visco-
gity; this can be explained by the specific shape of the grain size distri-
bution curve (Fig. 1). On the other hand, the lowest apparent viscosity
is shown by the paste of clinker ground with KOMSIL, because the
presence of amorphous SiQO, of high finenness (mean grain size 0.1 pm)
in the liquefied paste reduces its apparent viscosity.

b) The use of triethanolamine and ABESON-TEA as grinding aids for
GFC results in high early strengths of the cement pastes and the heat
liberated during the initial stage of hydration is likewise considerable,
which is obviously associated with accelerated hydration of C;A and
CsS to cement gel.

3. From the standpoint of practical application in building construction
practice, ABESON-TEA appears to be the most suitable of the four types
of grinding aids tested, as the cement paste exhibits a convenient time
of set, a low apparent viscosity, and attains high early as well as long-term
strengths.
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VLIV MLECICH PRISAD NA VLASTNOSTI BEZSADROVCOVYCH
PORTLANDSKYCH CEMENTU

Jaroslav Hrazdira

Ustay chemie skelngjch a keramickijch materialie CSAV, Lipovd 5, 120 00 Praha 2

Byl sledovan udinek &tyF vybranych mlecich pfisad na proces mleti portlandského slinku
a na vlastnosti bezsadrovcovych portlandskych cementii z tohoto slinku p¥ipravenych. Vybrané
ptisady reprezentuji zakladni typy z $iriiho souboru latek, jez byly studovany. Vhodnost mleci
ptisady byla diskutovana z hlediska rozdé&leni velikosti &istic, dosazeného mérného povrchu,
zdanlivé viskozity cementovych kasi, 8asového prib&hu hydrataénich reakei a pevnosti v tlaku.
Ze studia slinka umletych s vybranymi mlecimi pFisadami vyplyvaji tyto zavéry:
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1. a) U&innost pksad na proces mleti vyjadfena velikosti m&rného povrchu desazeného
po 6 hodinich mleti klesé v fadé ABESON-TEA >LIGRASOL > triethanolamin>
KOMSIL

b) Uiinek mlecich pHsad na reologické vlastnosti cementovych kasi charakterizovany
velikostf zdanliv® viskozity kade pfi vodnim soudiniteli w = 0,23 roste v fad&
KOMSIL < LIGRASOL < ABESON-TEA < triethanolamin

¢) Vliv mlecich pfisad na mechanické vlastnosti zatvrdlych cementovych kasi vyjadieny
rychlosti nérustu pevnosti v tlaku znazoriuje fada
triethanolamin> ABESON-TEA > KOMSIL > LIGRASOL

d) Vliv mlecich pfisad na vyvoj hydratainiho tepla charakterizovany velikosti vy-
baveného tepla v potatedni etap® hydrataéni reakce vystihuje fada
triethanolamin > ABESON-TEA > LIGRASOL > KOMSIL

2. a) Cementové kase pFipravené ze slinku umletého s triethanolaminem mé oproti ostat-
nim zkoumanym*kadim nejvétsi zdanlivou viskozitu, coZ lze vysvétlit specifickym
tvarem zrnitostni kfivky (obrézek 1). Naopak, nejmensi zdanlivou viskozitu mé
kase ze slinku umletého s KOMSILEM, protoZe pfitomnost amorfniho SiO; o vysoké
jemnosti (prum&rné velikost zrna je 0,1 um) ve ztekucené kasi sniZuje jeji zdanlivou
viskozitu.

b) Uzitim triethanolaminu a ABESONU-TEA jako mleci ptisady pro BPC se dosahuje
vysokych po&ateénich pevnosti v tlaku cementovych kadi a rovnéz tak vybavené
teplo v pogatedni fazi hydrataéni reakce je znadné, coz zfejmé souvisi s urychlenim
hydratace C;A a C;S na cementovy gel.

3. Z hlediska pouZiti ve stavebni praxi je ze &tyF z4mé&rn® vybranych mlecich pfisad pro
BPC nejvhodngjsi ABESON-TEA, nebof cementové kade mé pii realné dob& zpraco-
vatelnosti pom&rnd nizkou zdénlivou viskozitu a je dosaZeno vysokych kratkodobych
i dlouhodobych pevnosti.

Obr. 1. Pribéh zrnitostnich frekvendnich funkci Y’(d); 1 — triethanolamin, 2 — ABBSON-TEA,
3 — LIGRASOL, 4 — KOMSIL.

Obr. 2. Casovy pribéh hydrataénich reakei umletého slinku; 1 — triethanolamin, 2 — ABESON-TEA,
3 — LIGRASOL, 4 — KOMSIL.

BJIUAHUE H3MEJBYAIOMHX [{OBABOK HA CBOHCTBA
BE3IrniiCoBblX INMOPTJAHJCKUX UEMEHTOB

flpocnas I'pasnupa

Hucmumym xumuu cmeraosudnnxr u repamuveckur mamepuanoe YCAH, JTunosa b,
120 00 Ilpaza 2

HceiteoBan  meficTBHC YCTHIpeX INOAOOPaHHLIX H3MeJbvaloMuX A00aBOK Ha IIporiecc
H3MeJIbYeHAA IOPTIaHACKOTO KIMHKepa M Ha CBOHcTBA 0e3ruIICOBHIX MOPTIAHACKHX Ile-
MEHTOB, IPHI'OTOBJIEHHEIX M3 IPHBOAMMOro KiIHHKepa. IlogoOpaHHble [00aBKM mpegcTaB-
JAI0T ¢000ii OCHOBHLIE THANLI IMMPOKOro Habopa BellecTB, HOABEpPraeMHX HCCIIEJOBAHNIO.
IIpurogHOoCTL H3MeIbYalomeid H00aBKA paccMaTpMBaJif ¢ TOYKH 3PeHHsA paclpeielieHHsA
paamepa 4acTHI, MOJiyueHHOH NOBEPXHOCTH, KaiKyIledcsl BA3KOCTH MEMEHTHLIX TeCT, Bpe-
MEHBOI'0 XO0j[a I'HPAaTallHOHHEIX PeaKIMi M mpouHocTeli 1pH ckaTuu. Ha ocHoBamHm Heclte-
JIOBaHHA KJIMHKEPOB, MOIOTLIX ¢ MOXOOpaHHKLIMH H3Me/1LUAIONIMMH [00aBKH BHRIBOIHTCH,
9T0:

1. a) HeiicTBRe ;I00aBOK Ha mpoliecc M3MeJILUCHIIs!, BEIPaXKeHHOe BeJIHUHHOH Y/1e/1LHOMI
NMOBEPXHOCTH, MOJIYUeHHOH MmocJie D 4acoB M3MellbueHHsi IOHMMKaercsa B pajge ABESON <
TEA < LIARASOL < rpuoranoiamud < KOMSIL

6) MeiicTBHe H3MeEIBYAIOIIHX JI00aBOK Ha PeOJIOrAYeCc KHEe CBOMCTBA IleMEHTHEIX TeCT,
XapakTepu3yeMoe BEJIMYMHOH Ka’KyIIeHCcs BA3KOCTH TeCTa IPH BOAAHOHM kKo3Qdmitnente
w = 0,23 pacrer B psje
KOMSIIL < LIGRASOL < ABESON — TEA < TpusraHo;laMiuH

B) BiusHue mamensyapmunx [100aBOK HAa MeXaHHYeCKHe CBOMCTBA 3aCTHIBOIHX IIC-
MEHTHBIX TeCT, BbiPajK€HHO€ CKOPOCTBIO POCTa IPOYHOCTH IIPH CHKATHH, H300pakaeT psijf
tpusTanosamul < ABESON — TEA < KOMSIL < LIGRASOL
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1) Bausmue usmesnpvarommx f006aBOK Hi BhyjesieHMe I'M/PATAUMOHHOIO TeIL1a, Xi-
paKTepHiyeMoe BeJIMUYMHOM BbIfleIAEMOro Tersla B HAYJILHOM JTane I'MAPATAallMOHHOIf pean-
I#H, BLIpaMaer pAj
TpuaTaHosiamMud < ABESON — TEA < LIGRASOL < KOMSIH.

2. a) lleMeHTHOe TecTO, IIPHIOTOBJIEHHOE M3 KJIHHKepa, MOJIOTOIO ¢ TPHITAHOIIMUHOM
00i1aj1a€T 110 CPAaBHEHMIO € OCTaJIbHBRIMHM HCCJe(yeMHIMH TecTaMy HanOoapIneil Kacymeiicst
BA3KOCTHIO, 9TO MOKHO OOBACHUTHL chenndmuEOd PopMOil KpHBOi 3epHMcTOCTH (puc. 1).
Hao6opor, HanMeHpmieii KaKymieicsi BABKOCTBIO 00jajiaeT TeCTO H3 KJIMHKepa, M0JIOTOI'O
¢ KOMCMJIOM, TAK KaK OPHCYTCTBHe amMopHOro Si®: BrCOKOH TOHKOCTH (CPEJ{HAsA BC.IHUMHA
sepHa 0,1 uM) B CHKMGKIKEHHOM TecTe HOHMMKAET ero Kasynlylocsl BABKOCTb.

0) HcnoupsoBanue TpuaraHoiamusa a ABESON — TEA B kauecTBe nameinualonieif
A00aBKH 1A (e3ruiicoBpIX MOPTIAHACKMX IleMeHTOB ofecrneunBaeT BHICOKYI0 HavajlbHYIO
IIPOUHOCTh TIPH CHKATHHM HEMEHTHBIX TecT H TaKiKe BELieIseMOe TeIllo B HauaJipHOM (ase
I'MIPATALMOHHON DeaKLMH 3HAMHTeJIbHO, YTO OYeBU/IHO BA3LIBAETCA C YCKODCHMEM T'M;(pi-
Tanuy C3;A u C3S B IleMEeHTHRIN resib,

3. C ToYKH 3peHMA HCHOJB30BAHUA HA (TPOMTEIBLHOH HPAKTIKE M3 4YeTbipex Iesleco-
06pa3HO NnomOoGpaHHEIX M3MENbUYAIOMMX [008BOK, NpelHa3HaIeHHRX JUIA OpoM3BoicTBa Oes-
THIICOBLIX IIOPTIAHJCKHUX IleMeHTOB Haubonee mpurojiAoil jlobaBkoi ABiAerca ABESON —
TEA, Tak Kak lleMeHTHOe TecTO IpH pea:lbHOM BpeMeHM oOpadaTniBaeMocTH 06J1ajjaer ¢ paB-
HUTeJIbHO HU3KOH KaKyllelics BASKOCTHIO H KPOME TOIO T3aKUM 00pa30oM jocTuraercs Bhi-
COKOM KPaTKOBPEMEHHON M J[0JIroc POYHOM I1POYHOCTH.

Puc. 1. X00 vacmomnbix Pynsyuii seprucmocmu ¥'(d): 1 — mpusmarnoaanun, 2 — ABESON
— TEA, 3 — LIGRASOL, 4 — KOMSIL.

Puc. 2. Bpemennvili 00 2udpamayuonnbs peaxyuii soaomozo raunkepa: 1 — mpusmanoa-

aasun, 2 — ABESON — TEA, 3 — LIGRASOLI., 4 — KOMSIL..
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