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Ipeocmasnenst pe3ynomamot 66edenus oxcusmunenougocgonosou kucromot (OEDPA)
U paziuuHblX 000A80K 6 Kauecmee Pasjicuicumens O PezyiupoeaHus peoioZuidecKux ceoiucme
Kkepamuueckoii cycnenzuu. Ilo pesyniomamam onpedenenus muKComponuu yCmaHoguiu, 4¥mo Kom-
NIEKCHBLI paszdcudicumentv Ha ochoge coobl u OEDPA sensemcsa naubonee rgppexmusnvim, rncena-
mMenbHO 3aMeHUmMb Yacmb COO0bl HCUOKUM CHEKI0M. Memooom nonnozo gakmopmuozo Kkcnepu-
MeHma yCMmaHosuau ORMUMAIbHBLL COCHAE KOMROHEHMO08 KOMNIAEKCHO20 pasycudxcumens. Ilpeo-
RONAAEMBLIL PA3HCUNCUMETD 8bICOKOIhexkmuesen ¢ wiupoxom ouanazone konyenmpayuii OEDPA,
co0bl u ncuokozo cmekna. Ilonyuennsle cycnenzuu umerom cmaodunbHle, b1COKUE CHPYKMYPHO-
Mmexanuueckue ceoiicmea. Illpedocmagnena mamemamuueckas mooeb, ONUCHIEAIOWLAA GIUAHUE CO-
CMasa pasdCudNCUmens Ha 6a3KOCMb U MUKCOMPONHble Ceolicmea cycheHzuu. Onpedenunu eaus-
Hue 0elicmeus pazjicuicumensi Ha MeXaHuvecKue ceolcmed (opmosaHHbIX BbICYUIEHHBIX U 000-
acorcennvix oopazuos. [lovasnenue OEDPA k pazscuscumento cywecmeenno chuxncaem peosiozu-
YecKue napamempuvt CyCReH3ul, U CE0IUCHEA NPUOIUNCAIOMCA K Pe0I0ZUHEeCKUM CGOUCHEAM HbIO-
moHnoeckux cucmem. Ycmanoeneno, umo OEDPA cnuxncaem cxopocms napawgueanus maccwl, Ko-
mopas modxicem Oblmy yeeIuyeHd 3a CHenm CHUNCEHUS COOEPIHCAHUA 6142 8 CYCREH3UU, YO NO0360-
JiAem yeeudums niOMHOCHb 00pa3 06 nocie aumssa u cyuiku. Beedenue oannoit 0oéaseku npugo-
oum K ygeudeHut0 2uOPamHuoll 000104KU 80OKPY2 2IUHUCMON YACHUUbL U ROGLIUIEHUIO CIAOUTb-
HOCMU CYCneH3UU, a yeeauuenue {-HOMEeHUUAIa no CPAGHEHUIO C 3A800CKOI 000ABKOI 04eHb He-
oonvwoe. Ilpeonoicen mexanusm Oeiicmeus KOMNIAEKCHOU 000a8KU, GKIIOYAIOWUII UOHOO0OMEH,
Komnaexkcooopazoeanue u xemocopoyurw. Habnodaemcesa ysenuuenue npouHocmu u niomHoCmu
BLICYULEHHBIX U 000HCHCEHHBIX 00paA3U08, yMeHbUeHUe YcaoKku U nopucmocmu. Komnnekcnasn 0o-
0asKa no3601U1a ONMUMUUPOBAMb MEXHOIO02UIO HA INANAX ROOZOMOBKU OMJIUEOK U YMEHbUIUNLD
Kouuecmeo opaka npu popmosanuu, cyuike u ooxncuze.

KiroueBble cioBa: OKCHSTI/IHGHI[I/I(l)OC(I)OHOBaﬂ KHCJIOTa, COJA4, ) KUAKOC CTCKJIO, PECOJIOTHUCCKUC CBOI1-
CTBAa, Pa3KWXKXUTECJIb, INIMHUCTAA CYCIICH3UA, MCXaHU3M Ilel\/'ICTBI/ISI KOMIIJIGKCHOM ,Z[O63BKI/I
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Here are discussed some results to use oxyethylidenediphosphonic acid (OEDPA) and
various additives as a deflocculant composition for controlling the rheological properties of a ce-
ramic suspension. According to the results of determining thixotropy, it was found that a complex
thinner based on soda and OEDPA is the most effective. It is desirable to replace a portion of the
soda with liquid glass. By the full factorial experiment method, it was established the optimal
composition of the components of the complex thinner. The proposed thinner is highly effective
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in a wide range of OEDPA, soda, and liquid glass concentrations. The resulting suspensions have
stable, high structural-mechanical properties. A mathematical model describing the effect of the
composition of the thinner on the viscosity and thixotropy of the suspension is presented. The ef-
fect of the diluent on the mechanical properties of the molded dried and fired samples was deter-
mined. The addition of OEDPA to the thinner significantly lowers the rheological parameters and
the rheological properties of the suspensions approach the rheological properties of Newtonian
systems. It was found that OEDPA lowers the mass buildup rate, which can be increased by low-
ering the moisture content in the suspension, which makes it possible to increase the post-casting
and -drying density of the samples. The introduction of this additive leads to an increase in the
hydrate shell around the clayey particle and an increase in the stability of the suspension, but the
increase in the ¢ - potential in comparison with the production additive is very small. The mecha-
nism of action of a complex additive is proposed, including ion-exchange, complexation and
chemisorption. An increase in the strength and density of dry and calcinated clay samples as well
as a decrease in the shrinkage and porosity are observed. The complex additive makes it possible
to optimize the technology at the stages of casting slip and to decrease the number of parts reject-

ed during molding, drying and firing.

Key words: oxyethylidenediphosphonic acid, soda, liquid glass, rheological properties, deflocculant,
clay suspension, mechanism of action of a complex additive
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INTRODUCTION

The production of ceramic sanitary wares by
casting under pressure makes it possible to obtain a
strictly prescribed thickness which is the same over
all parts of an article. This eliminates many negative
factors associated with the appearance of defects on
sites with a thickness differential. Article quality
largely depends on how well the technological set-
tings of the casting program conform to the slip pa-
rameters. For this reason, the key problem of the
technology is to make slips whose properties would
conform to the rapid structure formation and strength
buildup in fired paste. Thus, the study of the rheologi-
cal stability of slip and finding effective thinners are
especially topical problems [1-3].

The use of several components in the devel-
opment of deflocculants with new compositions is
due the fact that it is necessary to increase not only
the degree of thinning but also the working concentra-
tion range of the additives. Since additives of differ-
ent chemical nature are used, it is important to under-
stand the characteristics of their chemical interaction
with clay suspensions and thinning mechanisms [4,
5]. Control of the rheological characteristics makes it
possible to decrease the amplitude of the fluctuations
of the technological parameters of a ceramic slip and
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increase the stability of the processes occurring dur-
ing casting. Specifically, obtaining a denser casting
with lower air shrinkage makes it possible to decrease
significantly the probability of obtaining rejects and
the greater mechanical strength of the intermediate
product makes it possible to optimize the rate of the
production processes associated with the tooling and
transport of an article [6-11]. Important objective is to
control the rheological properties of the ceramic slip
using a combination of components as the thinner.

Deflocculants such as sodium silicate, car-
bonate, and tripolyphosphate are conventionally used
to adjust the rheological properties and aggregative
stability of ceramic slips. Several Russian ceramic
companies are also starting to adopt new deflocculat-
ing products for ceramic slips for casting in polymer
molds under high pressure. For example, Reotan
(Lamberti Co.) and Dolapix (Zschimmer&Schwarz)
are based on sodium polyacrylate and ammonium
polyacrylate, respectively. It is recommended that
they be used together with sodium tripolyphosphate
[12-17]. However, in ceramic sanitary ware technolo-
gy sodium tripolyphosphate is not generally used.
Typical deflocculent constituents in this case are soda
and liquid glass. However, for more pronounced thin-
ning effect their further use in deflocculent composi-
tion should be reinforced by additional additives.
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As such additional component we propose to
use oxyethylidenediphosphonic acid (OEDPA). The
introduction of OEDPA is based on the fact that it has
been used effectively for preparing casting slips using
the conventional ceramic technology [18].

EXPERIMENTAL PART

The following batch composition of a porce-
lain mix for ceramic slip was used in the present inves-
tigation (content, wt.%): Vesko-Granitik clay — 6;
Stephan Schmidt 13250 clay — 14; Glukhovetskoe
kaolin — 30; Quartz sand — 17; Vishnevogorodskoe
feldspar — 24; Scrap of fired articles — 9.

Casting slip is obtained in three steps: 1)
preparation of a Stephan Schmidt Clay suspension in
a high-speed paddle mixer; 2) preparation of a sus-
pension of inert materials by grinding in a ball mill;
3) mixing a clay suspension with a suspension of inert
materials and with kaolin’s. Distilled water was used
in all the experiments.

Deflocculant is introduced at all steps. The
amount and composition of the deflocculant are de-
termined by the properties of the clay suspension used
at each step as described above.
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RESULTS AND DISCUSSION

At the initial stage of investigation, we fo-
cused on the first of the steps indicated above with the
aim to study an effect of a complex additive on the
structural-mechanical properties of a Stephan Schmidt
13250 clay suspension.

For this purpose, three suspensions were pre-
pared (content, wt.%): N 1 — reference suspension
with a factory additive (0.500 soda and 0.072 liquid
glass); N 2 — conformance prototype [18] (0.572 soda
and 0.572 OEDPA); N 3 — factory prescription modi-
fied with OEDPA additive (0.500 soda, 0.072 liquid
glass, and 0.572 OEDPA).

Clays were dissolved in a laboratory high-
speed paddle mixer. The moisture content of the clay
suspension, taken to be the same for all compositions
(35%), was checked by the pycnometric method ac-
cording to the density of the suspension. The tempera-
ture of the suspension was maintained at 25.0 + 0.1 °C.
The thixotropy was determined according to the dif-
ference between the suspension viscosity and viscosi-
ty after 1 or 6 min standing.

The experimental data, including the dissolu-
tion time of the clays, are presented in Table 1.

Table 1
Properties of the suspensions N 1 -3
Taonuya 1. CBoiicTBa cycnensuii Ne 1-3
Suspension

Parameter Check apparatus N1 N2 N3

Dissolution time, h:min Timer 6:30 5:00 | 3:00

Density, g/cm?® (£0.01) Pycnometer, scales 1.61 161 | 161

Viscosity, Pa-sec (+0.001) Galenkamp viscosimeter | 1.009 | 0.537 | 0.206

Thixotropy (every 1 min of standing), Pa-sec (+0.001) | Galenkamp viscosimeter | 1.733 | 0.288 | 0.000
Thixotropy (every 6 min of standing), Pa-sec (+0.001) | Galenkamp viscosimeter | 6.246 | 1.492 | 0.019

As Table 1 shows, the suspension N 2 with
complex thinner has unquestionable advantages over
a suspension with the factory thinner. The complex
thinner in suspension N 3 has an even stronger effect
on a clay suspension.

Compared with the factory suspension N 1 it
does decreases the following: the dissolution time by
more than a factor of 2, the viscosity by 0.8 Pa-s, the
thixotropy to minimal values.

Thus, the first part of these studies showed
that, first, a complex thinner based on soda and OED-
PA is effective and, second, it is desirable to replace a
portion of the soda with liquid glass.

The second part of these studies consisted of
finding the optimal composition of the components of
a complex thinner. To accelerate the search process,
we used the full factorial experiment method (FFE).

The FFE matrix was constructed so that the previous
studies performed for suspension N 3 entered into it
as a point with the coordinates +1, +1, +1. A thinner
composition containing 0.472% OEDPA, 0.400%
soda, and 0.057% liquid glass was chosen as the cen-
ter of the plan. The ranges of variation of the OEPDA
and soda concentrations were Ax; = 0.100% and Axs =
= 0.015%, respectively. Two experiments were per-
formed at each point of the plan. The results of the
FFE plan implementation are presented in Table 2 as
average values of the quantities studied.

The data in Table 2 confirm that the proposed
thinner is highly effective in a wide range of OEDPA,
soda, and liquid glass concentrations. Eight of the
nine suspensions have stable, high structural-
mechanical properties which are close in magnitude.
The parameters of the suspension N 8 with the mini-
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mum content of OEDPA, soda, and liquid glass
(0.372, 0.300, and 0.042%, respectively) are some-
what worse. However, the properties of even this sus-
pension are much higher than for the suspension with
the factory additive (N 1, Table 1).

Table 2
Results of full factorial experiment implementation
Tabnuya 2. Pe3yabTaThbl OJTHOTO (PAKTOPHOTIO JKCIIE-

HMEHTA
Experiment| Dissolution | Viscosity, Thixotropy, Pa sec

N time, h:min Pa-sec aftgr afte_r

Imin | 6min
1 3:00 0.206 0.000 | 0.019
2 2:30 0.193 0.000 | 0.007
3 3:40 0.174 0.019 | 0.055
4 2:40 0.168 0.006 | 0.019
5 2:50 0.200 0.000 | 0.000
6 3:00 0.174 0.019 | 0.068
7 2:40 0.238 0.000 | 0.008
8 4:30 0.314 0.045 | 0.154

Experiment at plan center

9 | 310 [ 0215 | 0.012 | 0.040

Analysis of the results of FFE plan implemen-
tation (Table 2) shows that within the limits of the
measurement error the variation of the composition
and the amount of complex thinner affects the values
of the viscosity of the slip as well as the values of the
thixotropy of the suspension after 6 min of standing.
These indicators were taken into account in the devel-
opment of the mathematical model used to obtain the
regression equations describing the effect of the com-
position of the thinner on the viscosity and thixotropy
of the suspension.

First, the FFE results for the values of the vis-
cosity of the clay suspension were analyzed statisti-
cally. The regression equation expressing the depend-
ence of the viscosity n (Pa-sec) of the clay suspension
on the quantity and composition of the thinner has the
form
n = 0.209 — 0.004X;— 0.015X,— 0.023X3+ 0.014X1X> +

+0.009X1 X3 + 0.029X,X3— 0.019X1 X2 X3 (1)

The following equation was obtained from a
similar analysis of the dependence of the thixotropy
Te (Pa sec) after 6 min of standing of the suspension
on the amount and composition of the thinner:
T5=0.041 —0.021X;— 0.018X,— 0.016X3+ 0.007X1X> +

+0.033X1 X3+ 0.006X2X3— 0.013X1 X2 X3 (2)

It should be noted that, for all practical pur-
poses, the compositions N 2 and 5 have no thixotropic
properties after 6 min of standing (Table 2). These are
the thinner compositions that are proposed for obtain-
ing a clay suspension in the technology of sanitary
ware and building articles.
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Thus, the complex thinner OEDPA - soda
greatly increases the structural-mechanical properties
of a Stephan Schmidt clay suspension: the viscosity
of the suspension and the thixotropy decrease with
decreasing dissolution time. Adding a small amount
of liquid glass to the composition of the complex
thinner intensifies the effect of the thinner.

The studies performed using the mathematical
planning method established that the thinning effect
of the complex additive OEDPA — soda — liquid glass
is observed in a wide range of concentrations. This
makes it possible to confidently regulate the clay dis-
solution process under production conditions and to
obtain suspensions with stable properties.

The optimal compositions (%) of the complex
thinner OEDPA:soda:liquid glass are proposed on the
basis of the implementation of a full factorial experi-
ment: 1) 39.4:53.0:7.6 (total amount of thinner
0,944%) and 2) 51.3:44.9:3.8 (total amount of thinner
1.114%).

As next we studied the physical-chemical as-
pects of the action of the complex addition onthe rhe-
ological and casting properties of the Stephan
Schmidt 13250 clay suspension and on the mechani-
cal properties of the molded dried and fired samples
obtained from the suspensions studied and to deter-
mine the mechanism of the action of the additive.

Thinning additives with the compositions
presented in Table 3 were prepared to study the rheo-
logical properties of the clay suspensions. We note
that the two-component composition N 1 is currently
used in production and we recommended the com-
positions N 2 and 3.

Table 3
Compositions of the thinning additive and rheological
characteristics of suspensions
Tabnuya 3. CocTaB pa3kuKalouleid 100aBKU U pPeoJio-
THYC€CKHUE XAPAKTEPUCTUKHU CyCl'[e]-BI/lﬁ

Composition of thinning additive,
Additive wt.%
N1 N 2 N3
Soda 0.500 0.500 0.500
Liquid glass 0.072 0.042 0.072
OEDPA - 0.572 0.372
Parameter Rheological characteristics
Plastic viscosity n, | 0.110+ 0.093+ 0.074+
Pa-sec +0.006 +0.002 +0.004
Maximum shear | ¢ 3, o6 | 44102 | 29+0.4
stress 1o, Pa

The measurements were performed in a
RHEOTEST RN rotational viscometer and with the
same moisture content (35%) of the clay suspension
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and constant temperature 25 °C. The results, which
were fit by the Bingham-Shvedov equation

(t=10+nY), _ ©)
where t — the shear stress, T, — the maximum shear

stress, 1 — the plastic viscosity, y — the shear rate), are
displayed in Fig. 1.

-1
y ,sec

200
160
120
80 +

40 -

0 1 T T T T T T T T
5 10 15 20 25
T, Pa
Fig. 1. Rheological curves for suspensions with additives: 1) N 1;
2)N2;3)N3
Puc. 1. Peonormaeckue KpHBbIe UL CycrieH3ui ¢ obaBkamu: 1) Ne 1;
2)Ne2;3) Ne 3

It is evident from Table 3 that the addition of
OEDPA to the thinner significantly lowers the rheo-
logical parameters and the rheological properties of
the suspensions approach the rheological properties of
Newtonian systems. Specifically, a reduction of 7

shows that the character of the flow changes from
typical for structured systems to typical for free-
disperse systems.

The rate of mass buildup was determined by a
procedure using gypsum rods [10]. Since it was de-
termined that the N 2 suspension with additive is
more stable against aggregation than the N 3 suspen-
sion with additive, suspensions with additive N 1 and
2 were chosen for these studies. The average values of
the mass buildup rate for the suspensions N 1 and 2
(with constant moisture content W = 35%) were 0.43 +
+0.01 and 0.37 & 0.02 g/(cm?/min), respectively.

It is evident that OEDPA lowers the mass
buildup rate. The mass buildup rate can be increased
by lowering the moisture content of the suspension,
which makes it possible to increase the post-casting
and -drying density of the samples. For this, it was
established by adjusting the fluidity of the suspension
using a Ford cup that the N 2 suspension with addi-
tive and W = 33% has the same viscosity and thixot-
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ropy as the N 1 suspension with W = 35%. The mass
buildup rate measured for the N 2 suspension with
moisture content 33% was 0.43 £ 0.02 g/(cm?min).

It can be concluded from the results of physi-
cal-mechanical tests (Table 4) that OEDPA addition
to the thinner com- position increases strength for dry
and fired samples. Samples with additive N 2 show
smaller shrinkage compared with samples with addi-
tive N 1.

Table 4
Mechanical properties of air-dry and fired samples
Tabnuya 4. MexaHu4yeckue cBOCcTBa 00pa3LoOB MmocJjie
BO3AYIIHO CYIIKH M 00:KMTa

Parameter Additive
N1 N2
Air linear shrinkage, % 8.1+0.5 | 85+£0.5
Strength of dry samples, MPa 2.8+0.2 | 43+£0.2
Fire linear shrinkage, % 62+06 | 4.2+0.6
Total linear shrinkage, % 143+09 |12.5+09
Strength of fired samples at

1050 °C, MPa 19+2 28 +2

Water absorption, % 9+1 8+ 1
Bulk mass of fired samples, kg/m3| 1780 + 80 | 1900 + 80

The results of the investigation of the granu-
lometric composition and &-potential of clay particles
for all suspensions studied (Zetasizer Nano Laser An-
alyzer, Malvern Instruments) are presented in Figs. 2
and 3, respectively. The data presented in Fig. 2 show
that the OEDPA addition to a complex additive has
no effect on the granulometric composition.

151

0

0,1 100 1000 r, nm 10000

Fig. 2. Data of granulometric analysis of clay suspensions: 1) no
additives; 2) with additive N 1; 3) with additive N 2; 4) with addi-
tive N 3
Puc. 2 JlaHHBIE TpaHyJIOMETPUYECKOTO aHAIN3a INIMHUCTHIX CYC-
nensuit: 1) 6e3 106aBok; 2) ¢ mobaskoit Ne 1; 3) ¢ mobaskoii Ne 2;
4) ¢ noGaskoii Ne 3

It follows from Fig. 3 that positively charged
particles are present in a suspension of pure clay. Af-
ter the production additive is introduced, they com-
pletely vanish and the &-potential increases in modu-
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lus. Therefore, the hydrate shell around a clayey par-
ticle increases and the stability of the suspension in-
creases. The introduction of OEDPA increases the
&-potential very little compared with the production
additive. The average values of the &-potential (mV)
for all the suspensions studied are as follows: -17.5 — no
additive; 47.9 — with additive N 1; 53.2 — with addi-
tive N 2; 53.3 — with additive N 3.

N
500000 ~

400000 4
300000
200000

100000 - 1

0 T T T
-200 -100 £ mV 0 100
Fig. 3. Distribution of the &-potential in clay suspensions: 1) no
additives; 2) with additive N 1; 3) with additive N 2; 4) with addi-
tive N 3
Puc. 3. PactipenencHue &- MOTEHIMANA B TTHHUCTHIX CYCIICH3UAX:
1) 6e3 nob6aBok; 2) ¢ no6askoit Ne 1; 3) ¢ nob6aBkoit Ne 2;
4) ¢ no6askoii Ne 3

In summary, it is our opinion that ion-exchange
and chemosorption determine the effect of a complex
additive consisting of soda, liquid glass and oxyethyl-
idenediphosphonic acid on the rheological properties
of a clay suspension. When these components are
mixed the complexonate Na,OEDP is formed, and in

solution it dissociates into the anion [OEDP]? and the
cations Na* [19].

For a thinner based on soda and liquid glass
the mechanism of ion-exchange with the participation
of Na* and Ca?* ions in the volume of the suspension
and on the surface of clay particles is presented in the
literature [20, 21]. In the complex additive, in view of
the much higher stability of the complexes Ca[OEDP]
compared with Na,OEDP [19], the anion [OEDP]*
interacts with the cation Ca?* on the surface of a clay
particle (Fig. 4), as a result of which the surface
charge of clay particles becomes more negative (the
&-potential increases in modulus).

Owing to the chelation effect the anion
[OEDP]?* forms in the volume of the suspension un-
dissociated compounds with calcium ions. These sup-
positions are confirmed by the observed reduction of
the viscosity of suspensions on introduction of OEDPA.

The increase in the strength of dry samples
when complex thinner is introduced into the slip
composition can be explained by the fact that
Ca[OEDP] undergoes polymerization during the dry-
ing process [19]. However, the increase in strength of
the samples after firing is explained by the fluxing
action of calcium phosphate compounds.
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Fig. 4. Schematic representatlon ‘of the chemosorption of OEDPA
on clay particles
Puc. 4. Cxematnueckoe n3zobpaxenue xemocopormu OEDPA nHa
TJIIMHUCTBIC YaCTUIbI

At this stage of studies it was concluded that
the action of a complex deffloculent based on soda,
liquid glass and oxyethylidenediphosphonic acid in
the technology for the production ceramic articles by
casting is effective: the clay dissolution time decreas-
es and the viscosity and thixotropy of the suspension
decrease to minimal values. To explain the changes in
the structural-mechanical properties of the suspen-
sions a mechanism was proposed for the action of the
complex additive that includes ion exchange, complex
formation and chemosorption. It was determined that
the complex additive makes it possible to decrease the
moisture content of the suspension by 2% while pre-
serving the working parameters of the suspension. An
increase in the strength and density of dry and fired
clay samples as well as a decrease in the shrinkage
and porosity are observed. In summary, the complex
additive makes it possible to optimize the technology
at the stages of preparation of the casting slip and to
decrease the number of parts rejected during molding,
drying and firing.

The final aim of this work was to study the
technological properties (rheological, casting, drying,
and firing) of ceramic casting slip under high pressure
using a complex deflocculent based on OEDPA in
combination with soda and liquid glass as compared
with the conventional thinner (liquid glass and soda)
as well as the deflocculent Reotan (Lamberti Co.) ac-
tively used in production.

To determine the efficacy of the new complex
additive which we are proposing it is best to compare
it with the conventional two-component deflocculent
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based on soda and liquid glass as well as with the de-
flocculent Reotan SL which is gaining popularity. In-
formation on the composition of the deflocculents
studied in the present work is presented in Table 5.

It should be noted that at the second stage dur-
ing the milling of the non-plastic materials in a ball
mill a decision was made to reject the use of the de-
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flocculent OEDPA because it was found that the mill-
ing time in this case increases by 25% on average. In
our view this occurs because the hydrate shells of the
particles of the clay mineral decrease in size, which
diminishes the role of the clay as a milling additive.
Therefore, at this stage we used conventional thinner
(soda and liquid glass).

Table 5
Composition of the deflocculent
Tabnuya 5. CocTaB Aed)IOKYJISIHTA
Component content, wt.%
Clay component Deflocculent  sodiumsili-  Sodium OEDPA | Reotan SL
cate carbonate

Vesko-Granitik clay 1.15 - - -
Stephan Schmidt 13250 clay Conventional 0.30 0.05 - -

Glukhovetskoe kaolin 0.23 - - -

Vesko-Granitik clay 0.575 - - 0.575
Stephan Schmidt 13250 clay Fi?grj] %rll_ 0.175 - - 0.175

Glukhovetskoe kaolin 0.115 - - 0.115

Vesko-Granitik clay 0.77 - 0.77 -
Stephan Schmidt 13250 clay %aéng% 0.30 0.03 0.23 -

Glukhovetskoe kaolin 0.15 - 0.15 -

The suspensions were prepared under identi-
cal conditions and were brought to the same moisture
content (based on the density of the suspensions).

Subsequently, the experiment studying the
technological properties of the slip was performed in
two stages. First, a freshly prepared or ‘primary’ slip
obtained immediately after the third step of the prepa-
ration process by mixing all components of the slips
was investigated. Second, the ‘technological’ (or cast-
ing) slip was obtained; for this, the primary slip was
allowed to stand, with mixing, for five days in order
to maximize the interaction of the deflocculent with
the particles of the clay minerals and average their
compositions. This makes it possible to minimize the
deviations of the viscosity of the slips, which is espe-
cially important for forming articles by casing under
high pressure.

The conditions of fabrication and the structure
and mechanical properties of the primary slip are pre-
sented in Table 6. The viscosity was measured with a
Galenkamp rotational-type viscometer. It is evident
from the data in Table 6 that the viscosity of suspen-
sion N 1 increases with time (from 1.48 to 7.93
Pa-sec in 6 min), which indicates that the thixotropy
of this slip composition is high. On the other hand the
compositions N 2 and 3 show the rheological parame-
ters to be stable in time in a state of rest, which is the
most favorable factor for the coagulation interaction

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2020. V. 63. N 7

of the clay particles. The thixotropy of the composi-
tion N 3 is lower than that of N 2.

To adequately compare the casting properties
of slips prior to the casting tests the standard produc-
tion procedure of adjusting the viscosity of the slips
by changing the moisture content was applied. Specif-
ically, in view of the excessive deviation of the vis-
cosity of the composition N1 its moisture content was
increased by 2% until comparable parameters in terms
of viscosity and thixotropy were obtained with the
N 2 and 3. The properties of the technological slip are
presented in Table 6.

Comparing the data for primary and techno-
logical slips it is evident that the viscosity and thixot-
ropy of the compositions N 2 and 3 did not change
as much as that of the composition N 1 during the
standing period, which shows that their rheological
behavior was more stable. The composition N 1 has
the lowest viscosity, but since the thixotropy is too
high its viscosity increases by more than a factor
of 2 in 1 min. During an investigation of the structur-
al and mechanical properties it was established that
for the composition N 2 the viscosity of the suspen-
sion increases by 27% (standing time 1 min) and by
114% (after 6 min) and for composition N 3 by 35 and
103%, respectively. The highest values in terms of the
thixotropy were obtained for the composition N 1: the
viscosity increases by 112% in 1 min and 414% in
6 min.
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Table 6

Primary and technological slips
Tabnuya 6. IlepBUYHBINH U TEXHOJOTHYECKHUI IILINKEPa

Parameter _ Slip composition
N 1 (con- ventional) | N 2 (based on Reotan SL) ' N 3 (based OEDPA)
Primary Slip
Preparation conditions

Mixing time, h 12 12 12

Moisture content, % (£0.5) 28 28 28
Density, g/cm?® (£0.001) 1.815 1.815 1.815

Structural and mechanical properties
Viscosity, Pa-sec (+0,01) 1.48 0.75 0.68
Viscosity after 1 min, Pa-sec (£0,01) 2.99 1.01 0.90
Viscosity after 6 min, Pa-sec (£0,01) 7.93 1.58 1.34
Technological Slip
Preparation conditions

Holding time, days 5 5 5

Moisture content, % (£0.5) 30 28 28
Density, g/cm? (+0.001) 1.772 1.815 1.815

Structural and mechanical properties
Viscosity, Pa-sec (+0.01) 0.68 0.83 0.72
Viscosity after 1 min, Pa-sec (+0.01) 1.44 1.05 0.97
Viscosity after 6 min, Pa-sec (+0.01) 3.47 1.78 1.46
Casting properties

Mass of moist casting, g (£0.1) 174.8 168.9 199.8
Mass of dry casting, g (+0.1) 142.5 140.2 166.2
Moisture content of casting, g (+0.1) 18.5 17.0 17.2

Filtrate volume, ml (+£0.5) 24 26 24

The casting properties of slips were studied
by determining the mass of the residue formed on the
filtering barrier of the Baroid apparatus under pres-
sure 0.5 MPa in the initial moist state and in state ob-
tained by drying at 100 °C.

The results were obtained while investigating
the rate of mass buildup in casting a sample from the
experimental suspensions:

- the buildup rate for composition N 3 is
higher than for compositions N 1 and 2 by 14 and
16%, respectively;

- the buildup rate difference between the
compositions N 1 and 2 is small, 1.4%;

- the maximum moisture content obtains in
composition N 1 (it is 8% higher than for N 2 and 7%
for N 3);

- the minimum moisture content of a casting
obtains for composition N 2, and the difference of the
moisture content of castings obtained using the com-
positions N 2 and 3 is 1%.

Finally, we studied the physical and chemical
properties of cast samples. The cast samples were
molded by the standard method of pouring into gyp-
sum molds. The results are presented in Table 7.

The reduction of the air shrinkage of the sam-
ples with the composition N 3 by 0.8 and 0.6% as
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Table 7
Properties of dried and calcined samples
Tabnuya 7. CBoiicTBa BHICYLIEHHBIX U 000KKEHHBIX

o0pa3uoB
Ultimate
Shrinkage, % | strengthin | Water absorption,
1 o
Sample (#0.1) benczlin(g,l;\/lPa % (£0.01)
Air | Firing Aﬁer Af_ter Boiling | Vacuum
drying | firing | method | method
N1 |21]| 88 53 | 46.9 | 087 0.18
N2 | 23| 86 70 | 548 | 0.82 0.18
N3 | 13| 80 7.3 | 557 | 0.82 0.18

compared with the compositions N 1 and 2, respec-
tively, significantly decreases the internal stresses of
the cast samples on drying and therefore also the
probability of cracking.

The lowest ultimate strength in bending after
drying obtained for samples with the composition
N 1. The highest values were obtained in the samples
with the composition N 3: the strength of these sam-
ples was 1% greater than that of the samples with
composition N 2 and 27% greater than for N 1.

The shrinkage of the samples with the com-
position N 3 during firing is 0.8 and 1% smaller than
for the compositions N 2 and 1, respectively.
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The mechanical strength of the samples with
the composition N 3 after firing is somewhat higher
than for the composition N 2 (by 1.6%) and signifi-
cantly higher (by 15.8%) than for N 1.

The water absorption in all three samples is at
the lowest level.

In summary, overall the shrinkage of the sam-
ples with the composition N 3 is almost 15% smaller
than for the compositions N 1 and 2. This undoubtedly
has a favorable effect on the mechanical strength,
whose ultimate value for the samples with the compo-
sition N 3 is higher in the dry and fired states.

CONCLUSIONS

It has been clearly shown that the OEDPA-
based deflocculent in combination with liquid glass
and soda is effective according to the results of the
studies the effect of the composition of different de-
flocculents on the rheological properties of a suspen-
sion of ceramic slip. It makes it possible to reduce
considerably the thixotropy of the slip not only com-
pared with the conventionally combined components
(soda and liquid glass) but also compared with the
increasingly more popular deflocculent Reotan SL.

In the work with deflocculents the buildup
rate of a casting decreases with the thixotropy of the
slip, which results in loss of productivity, especially
when casting under pressure, where the cycle time is 20-
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30 min. Our investigations showed that the reduction
of thixotropy achieved by using a complex defloccu-
lent based on OEDPA makes it possible to retain a
high buildup rate of the casting upon reaching the
minimum thixotropy. In turn, the minimal thixotropy
with the required viscosity of the ceramic slip makes
it possible to eliminate one of the weakest points in
slip casting technology (especially at high pressure) —
the formation of a flocculation line in the casting,
which forms a bounding zone between slip flows with
different viscosity as the casting mold is filled. In
most cases this technological problem, which arises at
the molding stage, is discovered only after drying and
leads to 100% rejection of articles.

The production of castings with lower mois-
ture content led to a reduction of the shrinkage during
drying and firing, which when combined with the
branching structure of OEDPA on the surfaces of clay
particles gives higher mechanical strength of the in-
termediate product in the dried state, which also pro-
motes a significant reduction of the rejection rate up-
on tooling and mechanical transport of the dried in-
termediate product.

In summary, the use of a complex OEDPA-
based deflocculent improves the structure properties
of the slip and the physical-chemical properties of the
cast parts.
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