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PRIEKSVARDS

Starpdisciplinarais 1. starptautiskais simpozijs “Mali un keramika” ir jauna
vésma tradicionali visai Sauram lidzigas zinatniskas konferencés un kongresos
apskatamo zinatnisko jautdjumu lokam. Simpozijs ir ieceréts un veidots ka
pétniecibas sasniegumu un iesakto pétjjumu parskatu un zinojumu platforma -
vieta, kur var diskutét par plasu jautajumu loku, kam raksturvardi ir “mali” un
“keramika” Sada pieeja ir Javusi simpozija piedalities un par saviem pétijumiem
zinot ne tikai geologijas un malu mineralu pétniekiem, bet ari materialzinatnes
un tehnologiju, vides inZenierzinatnu, kimijas, augsnes zinatnes, mikrobiologijas
un biotehnologiju pétniekiem, ka ari nozimigus ar $o jomu saistitu pétijumu
rezultatus prezentét ari medicinas, arheologijas un véstures specialistiem.

Minétais atspogulojas ari daudzo sekciju darba, kur apskatiti gan mali augsné
un nogulumos, mali vides tehnologijas un vides attiriSana, gan ietverti ari malu
mineralu un citu slanainu materialu struktaru pétijumi un to pielietojums
farmacija, medicina un kosmeétika. Atseviskas sesijas tiks prezentéti pétijjumu re-
zultati, kas apskata poraino keramiku, biokeramiku, nanostrukturéto keramiku,
kompozitmaterialus un parklajumus, ka ari malus un mala keramiku arheologija
un veéstures pétijumos. Interesanti ir zinojumi, kas ietverti tematiskaja sesija “Malu
un to izstradajumu netradicionals pielietojums”.

Tadéjadi simpozija tematika apskata plasu zinatnisko pétijumu loku, un Sis
simpozijs ir virzits uz malu un keramikas pétijjumu starpdisciplinaritati, daudz-
pusibu un iespéjam $ada plasaka konteksta veikt ievérojami nozimigakus atklaju-
mus, taja skaita ar lietiSku pielietojumu. Simpozija apskatitie pétijumi ir dazados
to attistibas posmos un iepazistina ar sasniegto un ieceréto nakotné, un tie var
but noderigi pétniekiem, studentiem un ar pétniecibas tému saistitiem socialajiem
partneriem.

Simpozijs ir organizéts Latvijas Universitates 74. zinatniskas konferences iet-
varos ar Valsts pétijumu programmas Nr. 2010.10-4/VPP-5 ResProd 1. projekta
GEO atbalstu, tomér tas nebatu ieguvis tik plasu pétnieku rezonansi, ja ta orga-
nizésana aktivi nepiedalitos Latvijas Malu zinatniska apvieniba.

Sads simpozijs tiek organizéts pirmoreiz, bet pétnieku aktivitate jau $obrid
liecina, ka nakamais simpozijs biis vél daudzskautnainaks un aptvers vél plasaku
apskatamo jautajumu loku. Iespéjams, butu lietderigi veidot lielaku sekciju skaitu,
ka ari nopietnak pardomat publicésanas iespéjas péc simpozija.

Profesors Dr. geol. Valdis Seglins
2016. gada 15. janvari
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MALI AUGSNE UN NOGULUMOS
CLAYS IN SOILS AND SEDIMENTS

S1

SAALIAN TILL IN NORTHERN NETHERLANDS:
SCIENCE AND PRESENT DAY IMPACT ON LANDSCAPE
FUNCTIONING AND SPATIAL

Enno P. H. BREGMAN"?, Florian W. H. SMIT?, llze VIRCAVA*

!Province of Drenthe, The Netherlands;

2 Utrecht University, The Netherlands;
3Technical University Denmark, Kopenhagen, Denmark;
4University of Latvia, Riga, Latvia;
e-mail: enno.bregman@gmail.com

Till reflects a former presence of land ice or more specific ice-streams (Bregman
et al., 2012). On base of differences in till composition is possible to detect source
areas of ice streams as well as on base of similarity the positioning of former ice
streams as well. So the study of tills is important for paleo reconstructions of glacial
landscapes. We will discuss an overview of tills (Vernes, et al., 2013) in relation to
conditions of forming of tills and we will show the impact of deeper geological
structures on the behavior of the advancing Saalian ice sheet in the Netherlands.

More in detail, on the sub-regional scale, we tested a reconstruction of the
Saalian glaciation (Pierik, et al., 2010) on base of erratic composition, XRD
analyses of clays minerals and statistics. Our results confirmed in detail the
positioning of ice streams which were global indicated in the 2010 reconstruction.
Additional we found newly formed minerals, which indicate post sedimentation
conditions. These minerals proved the impact of reversed to surface pressed up
brine groundwater near salt domes on the genesis of the Hondsrug, a Saalian
megaflute (Bregman et al., 2012).

Deformed and not deformed till, its composition, morphology on top and
depth near surface level has influence on groundwater flow under tills and it has
influence of surface run off above tills. In glacial landscapes positioning of local
seepage areas and differences of groundwater quality are strongly connected with
the presence of tills. Due to a low permeability, caused by a relative high content of
loam and clays, tills have also impact on drainage of agricultural land and nature
in seepage areas, but also on the presence of plant species due to tills weathering
on soil forming processes.

In our presentation we will finally pinpoint the impact of deformation of till
and till layering on drainage of groundwater and groundwater flow. We make a
plea to keep more attention to tills in civil works to reduce costs. A soil risk map
which includes also areas with deformed tills can be a step towards a less risky
spatial management policy.



REFERENCES

Bregman, E. P. H. & Smit, E. W. H. (2012). Genesis of the Hondsrug - A Saalian Megaflute,
Drenthe. The Netherlands, Steering Group de Hondsrug. P. 123.

Vernes, R., et al. (2013). Data-inventarisatie, kartering en parametrisatie van keileem in
het MIPWA gebied. TNO Geologische Dienst van Nederland, rapport Nr. TNO 2013
R10107.

Pierik, H.-]., Bregman, E. P. H., Cohen, K. M. (2010). An integrated approach to reconstruct

the Saalian glaciation in The Netherlands and North-Western Germany. MSC-thesis,
UU, in house paper.



MALU GRANULOMETRISKA SASTAVA IETEKME UZ PLAISU
VEIDOSANOS CELTNIECIBAS KERAMIKA

Sandra GUZLENA, Gita SAKALE, Daiga TIRZMALE, Sergejs CERTOKS

Rigas Tehniska universitate; e-pasts: Sandra.Guzlena@gmail.com

Keramikas materialu izmanto$ana celtnieciba ir musdienigs un dabai drau-
dzigs risinajums. Sadi materiali sevi apvieno tadas ipasibas ka augstu stipribu,
ilgmaizibu un spéju kontrolét gaisa mitrumu, radot telpas veseligu mikroklimatu.
Galvena izejviela $adu materialu veido$anai ir visu periodu nogulumos sastopamie
malainie ieZi, bet praktiska nozime ir tikai tiem, kas iegul ieguvei piemérota dzi-
luma. Tadi ir devona un kvartara, mazaka meéra triasa un juras mali. (Kurss u.c.,
1997; Kurss u.c., 1999; VGD, 2004)

No visam apzinatajam devona malu atradném nozimigaka ir Liepa, kas atro-
das Césu rajona Liepas pagasta. Produktiva atradnes slankopa aptver visai atskiri-
gu iezu kompleksu no maliem un malainiem aleirolitiem lidz smilsakmeniem, bet
parsvara tie ir dazadu nokrasu sarkani, bezkarbonatiski malaini aleiroliti (Kurss
u.c., 1997; Kurss u.c., 1999; VGD, 2004). Tradicionali derigaja slankopa tiek izda-
liti divi rapnieciskie malaino nogulumiezu tipi - raibkrasainie, bezkarbonatiskie
malainie aleiroliti un tajos ka lieli lécveida kermeni starpslanos sastopamie gai-
$i pelékie, gruti kastosie mali. Tiesi gaiSajiem maliem raksturigs augsts malainas
frakcijas saturs, tiem piemit relativi viendabiga peléka krasa ar dzeltenigu, zalu un
zilu nokrasu. Savukart treknajiem maliem raibkrasaino malaino aleirolitu granu-
lometriskais sastavs ir visai daudzveidigs. (Seglins u.c., 2012) Izgatavota produkta
kvalitati un malu izmanto$anas iespéjas nosaka gan granulometriskais, gan mine-
ralogiskais sastavs. (Kurss u.c., 1997; Kurss u.c., 1999; VGD, 2004)

Malu granulometrisko sastavu raksturo ar tris frakciju saturu attiecibu - smil-
$u (> 20 um), aleirita (< 20 um) un malu (< 2 pm). Katram celtniecibas kerami-
kas veidam ir noteikts piemérotakais $o frakciju attiecibu apgabals, kas redzams
1. attéla.

Lidz $im nav pétita malu granulometriska sastava ietekme uz keramisko celt-
niecibas materialu plaisasanu 7avésanas un apdedzinasanas laika. Darba ietvaros
tika sagatavoti kiegelu masas paraugi, kur malu izejviela ir nemta no dazadam
karjera vietam, ka ari dazadiem malu tipiem, lai iegtitu raksturojoso granulomet-
risko sastavu.
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1. att. VElamais dalinu izméru apgabals dazadu keramisko materialu raZzoSanai
(McNally, 1998).
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GLACIOLIMNISKO MALU NO PERNAVAS LICA TERMINALO
GRAUDU IZMERU IZMANTOSANA PAR SEDIMENTACIJAS
VIDES PARAMETRU INDIKATORU

Andis KALVANS, Tiit HANG

Latvijas Universitate, e-pasts: andis.kalvans@I|u.lv;
University of Tartu, e-mail: tiit. hang@ut.ee

Glaciolimniskie slok$nu mali ir interesants vides apstaklu “arhivs’, ko tradicio-
nali izmanto deglaciacijas notikumu relativa vecuma noteiksanai. Katru individu-
alo gada sloksni - varvi - biezak veido vasaras un ziemas sloksnes. Vasaras sloksni
parasti veido relativi rupjgraudainaks aleiritisks materials. Ziemas sloksni visbie-
zak veido smalkgraudains malains materials, un ta veidojas, no iidens kolonas pa-
kapeniski izgulsnéjoties suspendétajam materidlam. Ziemas sloksnés ir vérojams
normals granulometriska sastava sadalijums - vidéjais graudu izmérs virziena uz
augsu samazinas. Ja ziemas perioda ledus ezera nenotiek tdens cirkulacija, tad at-
bilstosas sloksnes granulometriska sastava vertikalajam sadalijumam vajadzétu at-
spogulot suspendéta materiala vertikalo sadalijumu tdens kolona ziemas sakuma.

Meés izvirzam hipoteézi, ka ziemas slok$nu granulometriska sastava sadalijums
var tikt izmantots, lai novértétu ziemas garumu, ja baseina dzilums ir zinams.
Teorétiski, lielakas dalinas, kas atrodas ziemas sloksnes virsma, ir nogrimusas no
ledus ezera pasa augséja udens slana un nosédusas uz gultnes tiesi pirms vasarai
raksturigas sedimentacijas sakuma. So dalinu izméru més saucam par terminalo
graudu izméru (TGI). Ar tradicionalajam metodém TGI nav iesp&jams izmerit
tiesi, jo butu nepiecieSams panemt reprezentativu paraugu tie$i no ziemas laminas
virsmas. Més esam izstradajusi panémienu, ka novértét terminalo graudu izmeéru,
salidzinot divu no vienas varves panemtu paraugu granulometrisko sastavu.

Pétjjuma objekts ir Baltijas ledus ezera glaciolimnisko sloksnu malu nogulu-
mi Pérnavas apkartné Igaunija (Hang et al., 2007; Talviste et al., 2012). Atbilstosi
hipotézei terminalo graudu izméru nosaka divi faktori: aidens dzilums un ziemas
garums. Ta ka Baltijas ledus ezera limena izmainas ir zinamas (Rosentau et al.,
2009), izmantojot TGI datus, iespéjams noveértét ziemai raksturigas sedimentaci-
jas ilgumu.

Noteiktajam TGI atbilstosais ziemai raksturigas sedimentacijas perioda ga-
rums viena varveé pie rekonstruéta adens limena (Rosentau et al., 2009) aptuveni
sakrit ar kalendara gada garumu, tomér rezultatiem piemit augsta nenoteiktiba.
Metodes specifika nosaka, ka iegutais rezultats ir pat mazaks neka patiesa vértiba.
Tegitais rezultats liecina, ka nav spéka kads no pienémumiem - vai nu nav tdens
cirkulacijas, vai ari, ziemai sakoties, suspendéta materiala saturs Gidens kolona ir
vienmérigs un tdens limenis ir rekonstruéts pareizi. Mums ir maz zinu par adens
cirkulaciju Baltijas ledus ezera, ipasi ziemas perioda, tapat mums nav pamata ap-
$aubit rekonstruéto tidens limeni. legiitos rezultatus iespéjams izskaidrot ar fak-
tu, ka suspendéta materiala koncentraciju nosaka noteikta blivuma stratifikacija
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sedimentacijas baseina. Domajams, ka terminalais graudu izmérs atspogulo dali-
nu grim$anu no piknoklina aptuveni tidens staba vidéja dala, nevis pasa augséja
tidens slani. Sada stratifikacija var veidoties ledaja kusanas iidenu baseina, kur no-
zimiga ietekme ir bazalajam straumém (underflows).
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PODZOLIC SOIL AGROCHEMICAL AND MINERAL
COMPOSITION RELATIONSHIP WITH PRODUCTIVITY
OF CULTIVATED PLANTS

Aivars POGULIS?Y, Valdis VIRCAVS?, lize VIRCAVA?

L“Pilsumi” Farm, Alojas county, e-mail: aivars.pogulis@inbox.lv;
ZLatvia University of Agriculture

The specialists of organic farming consider that nutrients deficiency for
cultivated plants need to be compensated by soil, therefore is important that
soil in right proportions and level is rich with main nutrients needed for plants
uptake (Ekologiski sabalanséta lauksaimnieciba, 2013). Agrochemical studies
also confirmed, that good quality, high and stabile harvests of cultivated plants
is possible to reach applying balanced plant nutrients solution where nitrogen,
phosphorus, potassium, magnesium, sulfur, calcium, etc. are in the right
proportion. The plants roots system can't uptake micro and macro elements if
deficiency of those elements was high. The deficiency of elements have influence
on cultivated plants growth, evolution and harvest formation (Mezals, 2003).

Soil fertilizing with compost without mineral-fertilizers and high quality
manure in required portions hardly compensate plant nutrients that are leached
out from soil with precipitation and harvest. Exchangeable ions of phosphorous
under acid reaction move on practically insoluble calcite, manganese, iron,
aluminum and phosphates compounds. The Act of Agriculture claim that wasted
nutrients from soil by plants should be renewed every year (Mezals, 2003).

The aim of this study is to establish long term relationship between soil
mineral composition and potatoes harvest and nutrients uptake in biological
farming system.

This study is oriented on harvest comparison among 4 potatoes varieties
and harvest productivity without mineral fertilizers usage from 2012 to 2015.
Analyzed potatoes varieties (Adretta, Bellarosa, Finka, Imanta) were selected
by these criteria: taste quality; very early season varieties (Bellarosa and Finka),
medium early season variety (Adretta) and medium late season variety (Imanta);
resistance from potato blight; potato shape for paring; stabile and good harvest
in long term period, for instance, Adretta variety is with good characteristic in
Pilsumi farm since from 1984.

The testing field was organized on territory Pilsumi farm in Aloja County,
Latvia, where field morphology was plain with slightly wavy morphology that
formed under of-grade soil ploughing (agro-technical erosion), without evidence
of wind or water erosion. The field is meliorated with locked drainage system
and is moderately well drained used in long term as vegetable garden, mainly
potatoes. Since 1989 field was subjected: shifting cultivation, ploughing and
organic fertilizers (long term and regular different domestic animals beddings
and manure), mineral fertilizers, wood ash application. Soil type, subtype by FAO
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classification is sod-podzolic soil. Soil bedrock is last (Weichelian) glaciation till.
The till is composed from sandy clay loam with abundant residual rock fragments
of carbonates and with basic mineral composition composed from clay mineral
illite and primary minerals as mica, quartz, feldspars, carbonates and secondary
minerals, which formed in soil cultivation and fertilizing process.

In 2012 potatoes harvest varied from 20.8 t ha™ “Imanta” to 30.5 t ha™ “Adreta”
The post-influence effect was established after potatoes tubers studies of harvest
2013 where productivity of three potatoes varieties significantly decreased from
22-45%, only “Imanta” variety showed by 9% higher harvest as in 2012.

The potatoes grown in biological agricultural system, where plants uptake
nutrients only from soil, under appropriate growth conditions could reach
established capacity, which depends on genotype variety. Similar potatoes harvest
18.54 to 37.23 tha™ in first repetition was reached in Skrabule et al., 2013 biological
farming studies. The authors also concluded that potatoes genotype plays
important role on harvest productivity.
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THE CHANGES OF NUTRIENT CONTENT IN SOIL DEPENDING
OF FERTILIZERS AND LIMING

Janis VIGOVSKIS, Aivars JERMUSS, Agrita SVARTA, Daina SARKANBARDE

LLU agency “Research institute of Agriculture”; e-pasts: vigovskis@inbox.Iv

Soil type and physical properties are the basic for productive agriculture. Soils
should contain a certain amount of plant-available nutrients, to ensure optimum
yields of crops and the efficient use of other annual inputs, especially nitrogen (N)
fertilizers. The paper describes the influence of long term (more than 30 years)
fertilizer and liming application to the changes of soil properties and identifies
the influence of different fertilization and liming rates on nitrogen, phosphorus,
potassium, calcium and magnesium accumulation in soil.

The research has been carried out at the Research Institute of Agriculture
of Latvian University of Agriculture in the long-term subsurface drainage field
established in Skriveri in 1981 under the guidance of professor J. Stikans. The
long-term drainage field was established in the uncultivated gleyic sod-podzolic
Hypostagnic Endogleyic Albeluvisol (Hypereutric), stw-ng-AB(he) loam that had
not been used in agriculture for 20 years before. The experimental field was
established with four rates of mineral fertilizers: without fertilizers, N45P30K45;
N90P60K90 N135P90K135 calculated in form of P,O, and K,O and four rates
of liming: without liming, 2.58 t ha™* CaCO,, 5.70 and 11.40 t ha™' CaCO, (slate
ash with 80% neutralizing value). Primary liming was done in 1981 (Estonian
oil shale ashes), the maintenance liming in 1994 (dolomitic limestone) and 2014
(BALTKALK).

Since 1994 a seven-year crop rotation has been organized: 1) winter
triticale, 2) potatoes, 3) spring wheat, 4) spring oilseed rape, 5) spring barley +
perennial grasses (red clover, timothy), 6) perennial grasses, 1* year of using, and
7) perennial grasses 2" year of using. Mineral fertilizers were applied according
to the anticipated rates of plant nutrient elements annually during the cultivation
of soil before sowing. For winter cultivars the phosphorus as superphosphate and
potassium as potassium chloride fertilizers were cultivated before the sowing in
autumn and nitrogen in form of ammonium nitrate was applied the next spring
at the beginning of vegetation and at the stage of tillering. During the vegetation
period all the required common agro-technical measures were taken - treatment
with herbicides, fungicides and insecticides.

Long-term application of mineral fertilizers and liming can lead to
accumulation of plant nutrients in soil (Fig. a, b).
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Fig. 1 Changes of phosphorus and potassium content (mg kg?) in soil, 1981-2012.

On a low background of fertilizers (N45P30K45) a small increase of mobile
phosphorus in soil has only been observed in recent years. At the fertilizer rate
N90P60K90 the content of available phosphorus and potassium in soil gradually
begins to grow. Fertilization norm N135P90K135 caused a constant accumulation
of nutrients in soil. In 30 years’ time the content of exchangeable phosphorus
(calcium lactate — extractable) has increased more than 20 times (from 9 till
184 mg P,O, kg) and exchangeable potassium (calcium lactate — extractable)
has increased more than 4 times (from 64 till 223 mg K O kg™'). There were no
relation between different fertilizing rates and calcium and magnesium content in

soil observed.
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LONG-TERM EFFECT OF MINERAL FERTILIZERS ON SOIL
POTASSIUM DYNAMICS IN A SODDY-PODZOLIC SOIL

Livija ZARINA?, Liga ZARINA?
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Potassium (K) comprises 2.6% of the Earth’s crust being the seventh most
abundant element and the fourth most abundant mineral plant nutrient. Through
weathering potassium is set free to the soil where its content varies between
0.1% and 3%, however most frequently it is about 1%. These orders of K content
result in total K contents in the upper 20 cm of soils ranging between 3000 and
100000 kg K ha™* (Schroeder, 1980). More than 98% of this total K content is bound
up in the minerals while less than 2% is found in organically bound or absorbed
form or in the soil solution, thus - it is available to crops.

Potassium is a major plant nutrient which has to be accumulated in great
quantity by roots and distributed throughout the plant and within plant cells
(Gierth & Maser, 2007). At the same time, the availability of potassium to the plant
is highly variable, due to complex soil dynamics, which are strongly influenced
by root-soil interactions (Aschley et al., 2006). Potassium is closely related to
nitrogen (N) nutrition (Kayser & Isselstein, 2005).

Soil K availability differ substantially in different soil types. The clay and clay
loam soils are most suitable for maintaining adequate soil K exchange when no
or small applications of K fertilizer are made (Serrano et al., 2014). It is generally
known that the incorporation of fertilizers is increasing yield and, at the same
time, leaving influence on soil properties. In order to study agro ecological effect
of fertilization on soil chemical parameters in Priekuli Plant Breeding Institute
a long-term crop rotations experiment on a soddy podzolic light loam soil is
carried out (Zarina, 2000). The evaluation of mean soil K concentration in the
experimental field over 35-year study ranges in a large scale with a slow trend to
decrease in unfertilized and with significant trend to accumulate in fertilized plots
(Fig 1). The results point to differences (a = 0.05) connected with a separate crop
rotation effect on potassium recovery in unfertilized soils.

It is known that the content of chemical elements in soils in the Latvian
territory is very variable (Gilucis & Seglins, 2003), and the factors determining
concentrations of the chemical elements in the soil have been cleared. However,
there is still a lack of information about cycling of soil K depending cropping
systems. Results on dynamic of soil potassium from long-term experimental field
in Priekuli showed that the level of available K in sod podzolic soil is relatively
stable, dependant on fertilizer background. The question remaining is about
specificity of soil K dynamics.
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Fig. 1. Dynamic of soil potassium depending mineral fertilization in a soddy podzolic soil
in two 3-field crop rotations in 35 years period.
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FLOATING AGGREGATES WITH IMMOBILIZED BACTERIA VS
FLOATING OILS: SEARCH FOR APPROPRIATE CERAMICS
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The natural granular aggregates are used for removing floating crude oil
from water surfaces via its transformation into immobile phase. About 50% of
the floating oil can be removed by limestone and quarz sand aggregates, when
granular material to floating oil ratio is about 1 g/g [Boglaienko and Tansel, 2015].
Once the oil-particle phase separated, additional measures should be taken for
remove of the remaining hydrocarbon contamination on the water surface. For
that purpose, microorganisms with hydrocarbon-degrading activity could be
attached on the carrier, which is appropriate for biofilm formation and has floating
properties. Various organic and inorganic materials are used for immobilization of
microorganisms. For wastewater treatment the carrier must be mechanically and
chemically stable, non biodegradable etc.

The aim of this study was to produce the ceramic beads with bulk density below
1 g/cm’ with further their testing for floating ability in the presence of synthetic
wastewaters, silicone oil and hydrocarbon-degrading bacteria consortium under
laboratory conditions. The pellets of Quaternary clay with additive of 45% of milled
§iO, and 3% sawdust were investigated. The part of the pellets before sintering
are coated with the same SiO, powder to decrease the agglutination of pellets in
fabricating process. Dry pellets are put into kiln, heated up to 1200 °C and expose
during 10 min at this temperature. Bulk density of these pellets is 0.95-1.00 g/cm”.
X-Ray analysis of pellets show presence of high amount of glassy phase. Crystalline
phases are represented with quartz and hematite in the sintered pellets.

Composition of the synthetic wastewaters was as follows, g L': CO(NH,), -
0.06; (NH,) SO, - 0.132; NaHPO, x 12H,0 - 0.716; MgSO, x 7H,0 - 0.123;
CH,COONa - 0.1; NaCl - 0.05; trace element solution - 10 mL (with the
following composition, g L'': CoCl, -6H,0 - 0.1; ZnSO, - 0.1; CuCl, - 2H,0 - 0.01;
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H,BO, - 0.01;Na,MoO, - 0.01; NiCl, -6H,0 - 0.02). 500 mL synthetic wastewaters
were amended by 1 mL silicone oil (Aldrich, CAS: 63148-62-9) and 5 mL inoculum
of bacterial consortium (1.0 x 10° CFU/mL).

During the 70 days experiment the floatage of the SiO,-treated beads gradually
decreased up to 15%, irrespectively of the presence of oil and bacteria. In turn,
sedimentation of non-treated beads was retained in the presence of oil. Thus, after
70 days, the percentage of floating beads in the sets with synthetic wastewaters,
synthetic wastewaters + silicone oil, synthetic wastewaters + silicone oil + bacterial
consortium was found to be 20.5 £ 9.7 %; 47.6 £ 7.1 %; 36.2 £ 9.2 %, respectively.
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Kalcijs ir viens no galvenajiem katjoniem, kas kompensé pozitivo ladinu de-
ficitu augsnes malu mineralos. Augsnes piesarnojuma rezultata, kas, pieméram,
var rasties no kodolatkritumu noplades, kalcijs (Ca?*) var apmainities ar apkartéja
vidé nokluvusajiem stroncija katjoniem (Sr*). Ta ka augsné eso$o mala mineralu
izmérs varié plasas robezas no apméram 50 nm lidz 5 um, tad ari attieciba starp
aréjas virsmas (malas un bazalas) un kopéjam (malas, bazalas un starpslanu) ad-
sorbcijas vietam ir mainiga. Ta ka iespéjams, ka $o adsorbcijas vietu reaktivitate ir
atskiriga, tad $o katjonu sorbcijas ipasibas varétu but atkarigas no dalinu izméra.

Eksperimentos izmantojam noteikta izméra vermikulita dalinu frakcijas (10—
20, 1-2 un 0,1-0,2 um) ar atskirigu proporciju starp aréjas virsmas un starpslanu
adsorbcijas vietam. Ieprieks apstiprinats, ka kimiskais un mineralogiskais sastavs
visam trim granulometriskajam frakcijam ir lidzigs (Reinholdt et al., 2013). Infor-
macija par kopéjo sorbcijas procesu tika iegita no Sr**-Ca?** sorbcijas izotermam
katrai no §im trim dazada lieluma granulometriskajam frakcijam. Atseviska in-
formacija par starpslana sorbcijas vietu reaktivitati tika ieguta, izmantojot rent-
genstaru difrakciju.

Iegutie kimiskas un kristalstrukttiras analizes dati lauj detalizéti izprast atski-
ribas starp dazada veida sorbcijas vietam uzbriesto$ajos malu mineralos. Plagaka
konteksta $ads pétijums sniedz papildu izpratni par katjonu apmainu malu mine-
ralos, kas savukart batiski ietekmé neorganisko elementu sadalijumu augsné.
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ANTIBAKTERIALIE MATERIALI UZ BALTIJAS REGIONA
SMEKTITA MALU BAZES
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Cilvéce jau sen ir izgudrojusi un efektivi lieto praksé vairakus lidzeklus cina
pret mikroorganismiem, un $ie lidzekli ir gan no dabiskiem, gan sintétiskiem ma-
terialiem. Neorganiskie antibakterialie materiali satur dazadus metalu jonus, ku-
riem piemit antibakterialas ipasibas, pieméram, sudrabs ir viens no svarigakajiem
komponentiem antibakterialajos materialos un virsmas, jo tam piemit visaugsta-
ka antibakteriala iedarbiba starp metala joniem, tacu sudraba izmanto$ana par
piedevu ir ierobeZota ta augsto izmaksu un izbalésanas dé]. Praksé izmanto ari
daudzveidigas organiskas vielas ar antibakterialam ipasibam. Pretstata tradiciona-
li izmantojamiem organiskiem antibakterialiem (dezinfekcijas) materialiem, ne-
organiskiem materialiem ir noteiktas prieksrocibas, ka labaka kimiska stabilitate
un siltuma pretestiba, ilgaks iedarbibas periods u.c.

Apzinot antibakterialo materialu nepiecieSamibu, ir svarigi izstradat jaunus
fotostabilus (pretstata sudrabam), nekaitigus (pretstata antibiotikam), ilgstosas ie-
darbibas (pretstata izopropilspirtam, kas atri iztvaiko) antibakterialus materialus.
Sadu iedarbigu un ilgi kalpojosu materialu iesp&jams izveidot, ievadot jeb “iekap-
suléjot” izvélétu antibakterialu agentu stabila matrica, un tam atbilst ari smektita
malu struktara. Turklat malu minerali nav toksiski, tos jau ilgstosi plasi izman-
to medicina un kosmétikas ripnieciba, ka ari malu mineraliem piemit liels virs-
mas laukums, kimiskais inertums un stabilitate. Iepriek$ minétas ipasibas padara
smektitus par potencialiem antibakterialu agentu neséjiem.

Popularizéjot vietéjo resursu izmanto$anu tautsaimnieciba, antibakterialo
materialu iegGisanai ir izvéléti vértigie Baltijas regiona zemes dzilu resursi — mali.
Izmantojot dazadas tehnikas (katjonu apmainu $kidumos un mehanokimisko pa-
némienu), Saltisku karjera smektita malu paraugi ir modificéti ar neorganiskiem
(dazadu metalu hloridi) un organiskiem saliem. Par modificéjamam izejvielam ir
izveéléti neattiriti jeb karjera, bagatinati jeb koncentréti un atdzelzoti (ar samazina-
tu dzelzs daudzumu) smektita malu paraugi.

Zinama méra malu piejauksana bavmaterialiem jau tiek izmantota, pieméram,
smektits (bentonits, montmorilonits) 3% un 5% apmeéra tiek pievienots dazam be-
tona markam, lai uzlabotu to mehaniskas ipasibas. Lidziga veida dazadiem mate-
ridliem varétu but piejaukti modificéti Baltijas regiona smektiti ar antibakterialam
ipasibam, ka rezultata varétu palielinaties iegiita materiala rezistence, pieméram,
pret mikroskopisko sénu un algu veido$anos uz biivniecibas blokiem, ka ari sa-
mazinatos biivmaterialu kaitéjums mikroorganismu izraisitas darbibas rezultata.
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Montmorillonite is the main component of bentonite clays, which have a
number of useful properties such as high adsorption capacity and low permeability
and therefore they are used in various sectors of the economy, including the
removing radioactive waste contaminants from lubricating oil and as engineered
barriers in the disposal of high level radioactive waste. Acid modified bentonite is
preferably used for the removing radioactive waste contaminants from lubricating
oil. Modification increases specific surface area, micro- and mesopores volume
and the number of micropores. Engineered barriers can be affected by radioactive
solutions due to leaking of nuclear waste storage canisters in the case of contact with
pore water and obviously the buffer must maintain the stability of its properties for
many hundreds and thousands of years.

Samples for the study were collected from several Russian deposits with
montmorillonite content 70-80% minimum. Raw and modified samples
were studied with X-ray diffraction, infrared spectroscopy, scanning electron
microscopy. Acid modification was performed by treating with 10M HNO? at
90 °C for different duration. Saturation of raw and acid modified montmorillonites
with Cs* was carried out by treatment with a CsNO, solution, at a set of Cs*
concentrations to obtain a full isotherm. The differences in adsorption capacities
between natural, acid-modified and Cs-forms were revealed by comparing
the results of cation exchange capacity determination, Cs* adsorption capacity
(including the total capacity determination using Cs-137 radiolabel), specific
surface area, textural characteristics. Acid treatment causes modification of the
structure. Octahedral cations removal and partial protonation of the interlayer
space results in formation of micro- and mesoporous structure with an increase
of the adsorption capacity. A certain degree of modification was achieved after
0.5-1 hour of treatment for different sorts of bentonite. After 5 hours of treatment
the structural changes of montmorillonite are becoming significant. Cs* according
to molecular dynamics simulation can be coordinated to Al which substitutes Si
in tetrahedral sheet in the interlayer space. However, more preferable position is
in holes in tetrahedral rings. Changes of interlayer occupation, its protonation
and/or substitution with Cs*, a decrease of octahedral sites occupation results in
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a of the charge changes its redistribution between the edges and basal surfaces.
The interaction between the particles and changes in this interaction with the
modification of the montmorillonite structure can be observed in details with
electron microscopy of freeze-dried suspensions.

As aresult of experimental studies some changes in the structural and textural
properties due to the acid treatment, and also the peculiarities of Cs* adsorption
on natural and acid modified montmorillonites were analyzed. The obtained
results can be used in modeling of the bentonite buffer stability in the disposal of
high level radioactive waste.
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Mali ir plasi izplatits, videi draudzigs un léts materials, tadéjadi pédéjos ga-
dos ir augusi interese par modificétiem malu produktiem ar uzlabotam ipasibam
(Fatimah and Huda, 2013). Modifikacijas rezultata tiek batiski mainitas malu mi-
neralu ipasibas, ka, pieméram, virsmas laukums, porainiba, termala stabilitate,
sorbcijas kapacitate un citas (Bergaya et al., 2006; Kurian et al., 2012; Tong et al,,
2009). Jauniegutas ipasibas nodrosina malu izmanto$anu dazadas vides tehnolo-
giju nozarés — sorbentu notekadenu attirisana, augsnes ielabotaju un inovativu
videi draudzigu materialu izstradé (Lee and Tiwari, 2012). Pétijuma mérkis ir,
izmantojot sintezétus un dabiskus Latvija sastopamus malus, izstradat efektivu
modifikacijas metodi inovativu materialu ieguvei un to izmantosanai perspektiva
vides tehnologijas. Pétljuma tika testétas vairakas malu modifikacijas metodes, kas
izstradatas, gan izmantojot organiskas, gan neorganiskas vielas. No organiskajam
vielam tika izmantotas virsmas aktivas vielas (pieméram, benziltrimetilamonija
hlorids (BTMAC)) un silicijorganiskie savienojumi (pieméram, 3-aminopropiltri-
metoksisilans (APTES)), kas kimisko reakciju rezultata malu mineralu starpplaknu
telpa eso$os neorganiskos katjonus aizvieto ar attiecigiem alkilamonija katjoniem
un ar kovalento sai$u palidzibu piesaista dazadas funkcionalas grupas, ka amino
grupu (NH,), batiski palielinot starpslanu telpu un sorbcijas kapacitati (Guégan
etal., 2015; Anirudhan et al., 2012). Savukart no neorganiskam vielam tika izvéléti
dzelzs oksohidroksids (FeOOH) un hidroksilapatits (Ca, (PO,),(OH),), kuri bi-
tiski izmaina mala struktiru, parklajot virsmu attiecigi ar dzelzs slaniti un hidrok-
silapatita kristaliem. Modifikacija galvenokart tika izmantots rtpnieciski razots
malu mineralu produkts Montmorillonite K 10 (Sigma-Aldrich) un dabiskie triasa
perioda smektita mali (Saltisku atradne, Lietuva), kas sastopami arl dienvidrietu-
mu Latvija.

legitie paraugi tika raksturoti, izmantojot infrasarkano Furjé spektroskopiju
(FTIS), skenéjoso elektronmikroskopiju (SEM), tapat tika noteikts ipatnéjas vir-
smas laukums péc Brunauera-Emmeta-Tellera (BET) metodes. Mineralogiskais
sastavs un starpplaknu attalumu izmainas tika noteiktas ar rentgenstaru difrak-
tometrijas metodi (XRD). Katjonu apmainas kapacitate (CEC) noteikta ar meti-
lénzila sorbcijas metodi. Papildus paraugiem, kas tika modificéti ar FFOOH, tika
noteikts dzelzs saturs un sakti As(V) sorbcijas kinétikas pétijumu eksperimenti.
Iegiitie rezultati apstiprina veiksmigu mala paraugu modifikaciju ar organiskam
un neorganiskam vielam. Ka uzskatamu pieméru var minét triasa perioda smekti-
ta mala modifikaciju ar hidroksilapatitu, kur modifikacijas rezultata uz mala virs-
mas veidojas hidroksilapatita kristali (1. att.).
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1. att. Skenéjosas elektronmikroskopijas attéli: a) neapstradati smektita mali un
b) ar hidroksilapatitu modificeti mali.

Talakie pétijumi sniegs detalizétaku informaciju par modificéto malu mate-
rialu ipasibam, to sorbcijas spéjam un potencialam izmanto$anas iespéjam vides
tehnologijas. Péc literatiiras analizes var secinat, ka mali, kas modificéti ar silicijor-
ganiskajiem savienojumiem, dzels oksohidroksidu un hidroksilapatitu, var tikt iz-
mantoti ka sorbenti smago metalu un metaloidu sorbcija (Anirudhan et al., 2012;
Shashkova et al., 1999; Kurian et al., 2012), bet mali, kas apstradati ar virsmas
aktivam vielam, efektivi sorbé organiskos piesarnotajus, ka, pieméram, toluolu
(Fatimah and Huda, 2013).

Malu modifikacijas pétijumi var batiski papildinat zinasanas par maliezu un
mala mineralu vél nepilnigi apzinato potencialu un iezimét talako pétijumu vir-
zienus koloidalo materialu izmanto$anai vides tehnologijas ar augstu pievienoto
vertibu. Pétfjumi tiek veikti ar Valsts pétijumu programmas (VPP) Nr. 2014.10-4/
VPP-6/6 “ResProd” atbalstu.
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Lielaka dala kosmétisko produktu ir suspensiju un emulsiju forma, kas ir
termodinamiski nestabilas un attiecigas fazes laika gaita atdalas viena no otras.
Suspensiju stabilitates uzlabos$anai izmanto stabilizatorus, kuri aizkavé cieto da-
linu sedimenté$anos vai izraisa to flokulaciju, bet péc to sedimentacijas ir viegli
suspendéjamas $kiduma. Emulsijas stabilizé ar emulgatoriem, kuri aizkavé emul-
sijas sadali$anos pa fazém un flokulaciju.

Malu mineralus ka emulgatorus labak ir izmantot ella-adeni emulsijas, jo tie
daudz labak uzbriest tideni (Nciri et al., 2009). Ka cieto dalinu stabilizatorus vis-
biezak izmanto bentonitu un paligorskitu, bet retak kaolinitu, gan tira veida, gan
kopa ar organiskiem stabilizatoriem (Viseras et al., 2007), lidz ar to par $o malu
mineralu izmanto$anu emulsiju stabilizésana ir atrodami vairaki pétijumi (Abend,
1998; Kpogbemabou et al., 2014; Lagaly et al., 1999; Sullivan et al., 2002). Lidz $im
illita malu saturosas emulsijas ir pétitas, tikai izmantojot jaukta tipa smektitu-illita
malus ar attiecibu 3 : 1 (Nciri et al., 2009).

Saja darba pétita Latvijas illita malu spéja stabilizét emulsiju ella-iideni. Pé-
tjuma izmantoti Rivas (R) un Iecavas (Ie) mali ar dalinu izméru < 2 pm. Malu
frakcija iegita no kimiski neapstradatiem maliem (paraugi R-neap un Ie-neap)

......

sijas pagatavotas no partikas tiribas olivellas un malu suspensijas (malu frakcijas
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koncentracija 5 un 10 masas %) masas procentu attieciba 40 : 60. No katra parauga
tika pagatavotas divu veidu emulsijas — ar neizmainitu pH (aptuveni 7-8) un ar
pH 5,5. legutajam emulsijam ir noteikta viskozitate, dalinu izméru sadalijums un
stabilitate centrbédzes spéka ietekmé (izmantojot centriftigu).

Emulsijas, kas gatavotas no maliem péc karbonatu izskidinasanas (Ie-HCI un
R-HCI), uzradija lielaku viskozitati neka emulsijas, kas gatavotas no neapstrada-
tiem maliem, no tam lielaku viskozitati uzradija paraugs Ie-neap. Iecavas malu
saturo$as emulsijas uzradija vislielako stabilitati, kas ir pamatojams ar lielaku malu
mineralu daudzumu (skatit 1. tabulu). Emulsiju stabilitate palielinas, samazinot
emulsiju pH lidz 5,5, jo palielinas emulsiju viskozitate.

1. tabula
Pétijuma izmantotas malu frakcijas < 2 um mineralogiskais sastavs
Paraugi Ilits Kaolintts | Hlorits Kvarcs | Lauk$pati | Dolomits | Kalcits
le-neap 95-98 - - 2-3 <2 <2 —
le-HCI 96-98 - - <2 <2 - -
R-neap 60-63 15-16 7-9 4-5 3-5 2-3 5-6
R-HCI 63-65 17-19 8-11 3-4 3-4 - -

Pétjjums tapis Valsts pétijumu programmas 2014-2017 6. programmas
4. projekta “Zemes dzilu resursu izpéte - jauni produkti un tehnologijas (Zeme)”
2. apaks$projekta ietvaros.
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Ultravioletais (UV) starojums ir elektromagnétiskie vilni ar vilpa garumu, kas
mazaks neka redzamajai gaisma, bet garaks neka rentgenstariem. UV starojums
ir Saules starojuma dala, un tas parasti tiek iedalits tris regionos: UV-C (vilpu ga-
rums no 200 lidz 280(290) nm), UV-B (no 280(290) lidz 320 nm) un UV-A (no
320 lidz 400 nm). Zemes virsmu sasniedz apméram 90% UV-A un apméram 10%
UV-B starojuma. UV-B stari ietekmé adas aréjo slani, izraisot adas sausumu un
saules apdegumus, ta¢u UV-B starojums var radit ari pigmentacijas izmainas, ka
arl DNS bojajumus un veicinat adas véza attistibu. Savukart UV-A stari noklast
adas dzilakajos slanos, ka rezultata paragri rodas novecosanas pazimes: grumbas,
adas trauslums, samazinas adas elastigums [1].

Lai aizsargatu adu no UV starojuma kaitigas ietekmes, ir pieejams plass klasts
dazadu adas aizsarglidzeklu, kur ka aktiva viela tiek izmantoti UV staru filtri. Tie
vai nu absorbé, vai atstaro gaismu, un tos var iedalit divos tipos: kimiskie un fizi-
kalie (mineralu) UV staru filtri [1].

Fizikalie filtri izkliedé, atstaro un/vai absorbé UV starojumu, bet kimiskie filtri
absorbé UV starojumu un parvérs to siltuma energija. Mineralu dalinas, kas nav
nano limeni, neieklast ada, bet paliek uz adas virsmas, savukart kimiskie filtri, kuri
sastav galvenokart no organiskajam vielam, iespiezas ada. Siiemesla dé] kimiskie
filtri var izraisit adas kairinajumu un alergiskas reakcijas [1, 2].

Lidz ar to tiek pétitas iespéjas kimiskos UV staru filtrus aizvietot ar dabigas
izcelsmes vielam, kuras varétu funkcionét ka UV staru filtri. Viena no $adam ie-
spéjam ir izmantot malus un malu mineralus, kuri, pateicoties to Ipasibam, tiek
lietoti ari citos kosmeétikas produktos. Veiktajos pétijumos ir noskaidrots, ka malu
minerali spéj atstarot un absorbét UV starojumu, lidz ar to tiem piemit potencials
to izmanto$anai saules aizsardzibas krémos [3].

Darba ir izstradata formula saules aizsardzibas krémam, kura ka aktiva viela,
UV staru filtrs, tiek izmantoti Latvijas mali. Pirms mali tiek pievienoti krémam,
tie tiek apstradati. Sakotnéji tiek atdalita 2 pm frakcija, izmantojot centrifugésa-
nas metodi, péc tam mali tiek Zavéti, izmantojot izsmidzinasanas zavétavu. Kréma
izgatavosana tiek izmantotas dabas izejvielas — avokado ella, §1 sviests, bisu vasks
un glicerins. Katras izejvielas galvenas funkcijas noraditas 1. tabula. Kréma izga-
tavo$anas tehnologija tika izvéléta atbilstosi izejvielam un gatavajai kréma fazei.
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1. tabula
Saules aizsardzibas kréma izmantotas izejvielas

Izejvielas nosaukums Funkcija
Avokado ella Aizsarga, mitrina, baro adu
Si sviests Aizsarga un mitrina adu, UV staru filtrs, kontrolé viskozitati
" Emulgators, kontrolé viskozitati, stabilizators
BiSu vasks . -
Mitrina un baro adu
Glicerins Mitrina un baro adu
Mali UV staru filtrs (biezinatajs, emulgators)

Lai gan komerciali pieejamo saules aizsargkrému UV staru caurlaidiba ir kriet-
ni zemaka, Latvijas maliem piemit potencials to izmanto$anai saules aizsargkré-
mos, jo UV staru caurlaidibu ietekmé malu daudzums kréma, malu uzbrie$anas
spéja, malu mineralu dalinu ladins, malu dalinu sadalijums kréma, ka ari kréma
paréjas sastavdalas un to mijiedarbiba ar malu mineraliem [3]. Lidz ar to nepiecie-
$ams atrast piemeérotas izejvielas, izvéléties atbilstosu kréma izstrades tehnologiju,
ka ari izvéléties atbilstosu malu koncentraciju saules aizsardzibas kréma.

Pétijums tapis Valsts pétljumu programmas 2014-2017 6. programmas 4. projekta “Zemes
dzilu resursu izpéte - jauni produkti un tehnologijas (Zeme)” 2. apaksprojekta ietvaros.
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Clays, especially bentonites, are widely used in large number of industries. In all
these applications the usefulness of clay material is the function of montmorillonite
quantity and performance. The particle sizes and colloid structure organization are
very important to obtain the materials with optimal properties, so it is important to
develop instrumental investigation of particle size distribution in montmorillonite
dispersions and to determine connection between crystalline structure, dispersion
characteristics and the properties of bentonite containing compositions such are
ceramics and other materials.

In this report some questions about primary particle sizes determination by
the dynamic light scattering technique (DLS) are concerned with both Backman
Coulter (Delsa Nano C) and Malvern (Zetasizer Nano ZS) equipment. Model
dispersions of Na*-montmorillonite particles were prepared from Ca?/Mg*-
bentonite (Taganskiy deposit (South-oust Kazakhstan) by laboratory “wet”
technology (sodium activation and carful purification).

The DLS is now routine procedure to take information about particle size
distribution (PSD) but, in many cases experimental results contain some mistakes
because of particle aggregation. Also it is well known that from DLS method one
can obtain only information about Brownian motion i.e. diffusion coefficients from
witch information about Stokes radii (R, ) can be obtained with use of well-known
Einstein equation (1) in spherical approximation, and than partial aggregation
occurs an experiments may often give a zero information.

kT

D= 1
67nR, M

Hierarchical structure of montmorillonite dispersions was investigated at
different NaCl concentration in water near critical coagulation concentration (C))
by DLS (fig. 1) and also turbidity and electrokinetic potential measurements.

The values of obtained are closed to the known data from literature [1, 2].
Solid content and ultrasound treatment were shown to influence PSD and the
results of DLS. It was shown that number particle size distribution and Z-mean
diameter values give more exact information about sample aggregation compared
with particle size distribution by volume because of dynamical and spontaneous
character ofaggregates formed nearand above (C ). D, changes more monotonically
than §-potential near critical concentration (fig. 2, a and 2, b).
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Fig. 1. Primary particals, submicrone- and microne-sized aggregates and agglomerates in
10 mM NaCl montmorillonite dispertions of Na*-montmorillonite.
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Fig. 2. Dependence of Z-mean diameter (a) and ¢-potential (b) with sodium chloride
concentration near critical point for 0.07% w. Na*-montmorillonite dispersion.
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The mechanism of aggregates formation and the structures of aggregates
formed are discussed in terms of Van Olphen hypothesis about face-to-face (FF)
and face-to-edge (FE) card house types of aggregation [3].
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Izsmidzinasanas zavésana ir plasi lietota metode suspensiju un emulsiju Za-
vésanai. Viens no ieguvumiem, izmantojot $o metodj, ir relativi lidziga izméra un
kontrolétas morfologijas granulu iegiiana. So metodi biezi izmanto ari nanodali-
nu kompozitu iegidanai, jo granulas to lielaka izméra dé] ir vieglak lietojamas - tas
labak birst un neput. Malu mineralu granulas izmanto gan flizu razosana, gan ka
pildvielas, pieméram, papirrapnieciba.

Suspensiju zavésana iegiito granulu izméru un morfologiju ietekmé suspensi-
jas stabilitate (Bertrand et al., 2005) un sakotnéjo mineralo dalinu izmérs (Nan-
diyanto and Okuyama, 2011). Granulas izméru batiski ietekmé sakotnéja izsmi-
dzinata piliena izmérs (Nandiyanto and Okuyama, 2011), savukart koncentracija
ietekmeé tikai atskaiditas suspensijas ar koncentraciju zem 5% (Zhang et al., 2015).

Si pétijuma meérkis bija izpétit dazadu suspensijas un izsmidzinasanas para-
metru ietekmi uz malu granulam un novértét morfologijas dazadibu.

Pétijuma izmantoti Iecavas, Pavaru un Lazas atradnu malu frakcija, kur mala
dalinu izmérs ir mazaks par 2 pm. Suspensijas pagatavotas destiléta iideni ar cietas
fazes masas koncentracijam 1,5, 8, 15 un 20%. Domingjosais malu minerals ir il-
lits, bet mali satur ari kaolinitu, lauk$patu, kvarcu un citus mineralus (Dusenkova,
2014). Suspensija apstradata BUCHI Mini Spray Dryer B-290 izsmidzinasanas za-
vétava ar gaisa ezektora sprauslu, suspensijas pado$anas atrums - 6,7 lidz 13,3 mL/
min, gaisa atrums izsmidzinasanas sprausla - 192-473 normL/h, ieejas tempera-
tara gaisam 190-220 °C, kopa vairak neka 14 rezimi. Japiemin, ka bieZi vien nav
iespéjams mainit vienu parametru individuali, pieméram, palielinot suspensijas
plismas atrumu, ir japalielina arl gaisa plismas atrums vai temperatiira ieeja, lai
piliens pietiekami izzGtu un noklatu sausas dalinas atdalosaja ciklona.

Paraugu virsmas laukums noteikts ar skidra slapekla sorbcijas BET analizi
(QuadraSorb SI), izmérs — no skenéjosa elektronmikroskopa Tescan Mira/LMU
(SEM) attéliem, apstradajot tos ar Image PRO programmatiiru, katram paraugam
tika analizétas vismaz 1000 granulas.

Visos eksperimentos tika iegitas relativi blivas un sfériskas granulas (1. att.).
Virsmas laukums visiem Iecavas atradnes paraugiem neatkarigi no izsmidzinasa-
nas rezima bija 92 + 3 m?/g, Pavaru paraugiem - 89 + 4 m?/g, savukart Lazas pa-
raugiem virsmas laukums bija ievérojami mazaks — 71 + 5 m?/g 20% koncentracija
un nedaudz lielaks, lidz 76 + 5 m*/g, 8% koncentracija. Savukart, analizéjot parau-
gu diametrus, ir vérojama butiska sprauslas gaisa atruma ietekme, bet Zavésanas
temperatiirai un suspensijas pado$anas atrumam ir mazaka nozime. Vismazakas
granulas — ar vidéjo izméru 2,6 pum un maksimalo izméru ne vairak ka 10 um,
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tika ieghitas pie vislielaka gazes plasmas atruma, savukart vislielakas — ar vidéjo
izmeéru 5,2 um un gandriz 10% granulu, kuru izmérs parsniedza 20 um, tika iegi-
tas pie vismazaka gazes atruma. Vidéja un maksimala diametra (lielako 10 dalinu
vidéja diametra) korelacija ir 0,992, kas liecina par dalinu izméra sadalijuma vi-
enmérigumu. Virsmas laukuma un vidéja diametra nesakritibu varétu skaidrot
ar dalinu virsmas raupjumu un neidealo sfériskumu (1. att.), kas dazadu atradnu
paraugiem atskiras.

a b

SEM MAG: 5.00 kx  Vac: Hivac FERTEEE| MIRAY, TESCAN
SEM HV: 7.00 kv Date(mid/y): 01/20/15 10 um 8
WD 12.67 mm Det BSE Detector

Rigia Technical University n

1. att. Malu granulu morfologija, SEM attéls, a — shematiski attélotas dazu granulu
patiesas virsmas linijas salidzinajuma ar idealas sféras rinka Iiniju.

Izsmidzinasanas zavétava var iegat blivas un sfériskas malu frakcijas granulas
ar raupju virsmu. Granulu morfologiju praktiski neietekmeé pétitie izsmidzinasa-
nas parametri, savukart to izméru ietekmeé gan malu frakcijas mineralais sastavs,
gan izsmidzinasanas zavétavas parametri.

Pétijums tapis Valsts pétjjumu programmas 2014-2017 6. programmas
4. projekta “Zemes dzilu resursu izpéte - jauni produkti un tehnologijas (Zeme)”
2. apaksprojekta ietvaros.
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AR VIRSMAS AKTIVAM VIELAM MODIFICETU
MALU STABILITATE
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Malu mineralu virsmas modificé$ana ar organiskam vielam lauj iegit jaunus
materialus ar jaunu pielietojumu. Modificétus malus galvenokart izmanto poli-
méru nanokompozitos, bet tiem ir plass pielietojums ari dazadu organisko pie-
sarpotaju sorbcija, Gdens attirisana, krasu, laku un pat kosmeétisko lidzeklu sta-
bilizacija (de Paiva et al., 2008). Malu poliméru nanokompozitu sintézé biezi tiek
lietoti dazadi organiskie skidinataji, katalizatori un citas vielas, kas var ietekmét un
pat veicinat organisko vielu izskalo§anos no malu mineraliem. Ja no modificétiem
maliem tiek izskalotas organiskas vielas, tas var ietekmét to efektivu dispergésanu
poliméru matrica un pat pasliktinat poliméru nanokompozitu ipasibas.

Modificéti mali stabilitates pétijjumiem tika iegiiti no Lodes karjera maliem,
un no tiem atdalita subikronu illitu frakcija (Kostjukovs et al., 2015), kas tika me-
hanokimiski modificéta (Kostjukovs et al.,, 2014) ar heksadeciltrimetilamonija
bromidu un tetrafenilfosfonija bromidu. Virsmas aktivo vielu sorbcija un desorb-
cija novértéta ar diferenciali termisko analizi un termogravimetriju (DTA/TG).

Modificétu malu stabilitate tika noveértéta, suspendéjot tos ar dazadiem orga-
niskajiem $kidinatajiem, neorganisko salu $kidumiem un butanola-neorganisko
salu $kidumu maisijumiem.

Suspendéjot modificétus malus izvélétajos organiskajos $kidinatajos, nenove-
ro virsmas aktivo vielu izskalo$anos no illitu maliem, ka ari organisko $kidinataju
adsorbciju modificétajos malos. Tapat izvélétie neorganisko salu skidumi neietek-
mé modificéto malu stabilitati. Savukart paraugus suspendéjot butanola-neorga-
nisko sau $kidumu maisijumos, novéro heksadeciltrimetilamonija katjonu aizvie-
toSanos ar neorganisko salu katjoniem. Tetrafenilfosfonija katjonu aizvieto$anas
netika novérota.
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DISTINGUISHING FEATURES AND IDENTIFICATION CRITERIA
IN THE ILLITE-ALUMINOCELADONITE SERIES

Bella B. ZVIAGINA, Victor A. DRITS
Geological Institute RAS, Moscow; e-mail: zbella2001@yahoo.com

Al-rich K-dioctahedral 1M and 1Md micas are abundant in sedimentary
rocks and form a continuous compositional series from (Mg, Fe)-poor illite to
aluminoceladonite through Mg-rich illite. The complexity and heterogeneity
of chemical composition and structural features, as well as the lack of reliable
diagnostic criteria, complicate the identification of these mica varieties. The
objectives of the present study were to reveal the structural and crystal-chemical
variability in the illite - aluminoceladonite series, and to define the composition
ranges and identification criteria for the mica varieties in the series. A collection
of illite and aluminoceladonite samples of various compositions was studied by
X-ray diffraction and Fourier-transform infrared (FTIR) spectroscopy. Analysis
of the relationships between unit-cell parameters and cation composition showed
that the series includes three groups, (Mg, Fe)-poor illites, Mg-rich illites, and
aluminoceladonites, each characterized by a unique combination of unit-cell
parameter variation ranges. The composition ranges and identification criteria are
summarized below:

(Mg,Fe)-poor illite Mg-rich illite aluminoceladonite
Si <34 3.4-3.7 >3.7
Mg+Fe? <0.2 0.2-0.6 20.6
VAI+VAI >2.4 1.7-2.1 <1.7
csing, A 9.98-10.02 9.94-9.96 9.90-9.92
| ccosfs/al ~0.40 (tv); ~0.30 (cv) 0.38-0.39 0.36-0.37
b, A 8.98-9.00 9.02-9.04 9.00-9.02

(where Si and Mg + Fe’* are the amounts of the respective cations per O, (OH),).

The distinctive features of aluminoceladonite are reduced values of csinf and
|ccosP/al in combination with b parameters that are smaller than those for Mg-rich
illites, and slightly greater than those of (Mg, Fe)-poor illites. The compositional
boundary between illite and aluminoceladonite occurs at Si = ~3.7 and Mg +
Fe?* = ~0.6 atoms per O, (OH),.

A new approach to the interpretation of the FTIR spectroscopy data involving
new relationships between band positons and cation composition of (Mg,
Fe)-poor illites, Mg-rich illites, and aluminoceladonites provides additional
diagnostic features that include the band positions and profile in the regions of
§i-O bending, Si-O stretching, and OH-stretching vibrations. A sharp maximum
from the AIOHMg stretching vibration at ~3600 cm™, the presence of a MgOHMg
stretching vibration at 3583-3585 cm™, as well as characteristic band positions in
the Si-O bending (435-439, 468-472, and 509-520 cm™) and stretching regions
(985-1012 and 1090-1112 cm™) are typical of aluminoceladonite.
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ATDZELZOTU TRIASA MALU ORGANOFILIZACIJAS IESPEJAS

Ksenija IVANOVA, Julija KARASA

Latvijas Universitate; ksenija2205@inbox.Iv

Mals ir plasi izplatits nogulumiezis. To izmanto dazadas tautsaimniecibas no-
zargs, jo tas ir dabigs, léts un viegli pieejams materials.

Triasa Salti$ku karjera mali satur daudz balasta (piemaisijumu): kvarcu, kar-
bonatus, organiskas vielas, dzelzs savienojumus. Piemaisijumi samazina malu mi-
neralu sorbcijas spéjas, tadé] to izmantosanas iespéjas ir ierobezotas. Lai uzlabotu
malu sorbtivas ipasibas, tos ieteicams vispirms attirit no balasta. Sim nolitkam pa-
rasti izmanto frakcionésanu, dializi, bagatina$anu u.c. metodes, tomér viens no
vienkar§akiem un plasak lietotajiem panémieniem ir malu apstrade ar skabém.
Sadu malu apstradi biezi sauc ari par “malu aktivésanu” vai “malu $kidinaganu”.
Malu attiri$anai parasti izmanto salsskabes $kidumus. Sis process ir viegli isteno-
jams, atrs, un tam nav nepiecieSamas specialas iekartas un aparatira. Rezultata
iegtist pelékas krasas malu paraugus ar uzlabotam sorbcijas ipasibam (palielinatu
virsmas laukumu un poru izméru), un sorbcijas kapacitati nosaka péc metilénzila
metodes. Dzelzs daudzuma izmainas paraugos nosaka ar vilnu dispersijas rent-
genspektrometriju (WDXREF).

Iegiito atdzelzoto materialu veiksmigi izmanto organomalu ieg$anai — malu
paraugi tiek apstradati ar dazadam organiskam vielam. Saltisku atdzelzoto malu
organofilizacijai tika izvéléti vairaki amonija organiskie sali: oktadeciltrimetila-
monija hlorids (ODTMA - C), trioktadecilmetilamonija hlorids (TODMA -
3C,,) u.c. Atdzelzotie mélu paraugi tika modificéti gan ar Skidumu tehniku (kat-
jonu apmaina tdens $kidumos), gan ar mehanokimisko panémienu. Organomalu
raksturo$anai izmantota rentgendifraktometrija (XRD) un termiska analize (TG/
DTA). leguitos atdzelzotos organofilos malu materialus potenciali var izmantot ka
katalizatorus organiskaja sintézé, ka sorbentus dazadu organisku vielu (krasvielu)
savaksanai, ka ari par piedevam poliméros un krasas (stabilizéjosas pildvielas) u.c.
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TERMISKA TRIECIENA IETEKME UZ KORDIERITA
KOMPOZITKERAMIKAS MEHANISKO IZTURIBU
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Kordierits ir minerals, kas ir labi zinams ar ta ipasi zemo linearo termiskas
izple$anas koeficientu (LTIK). Teorétiska kordierita monokristala izplesanas koe-
ficients o = 2,1-10° °C", tacu realo LTIK vértibu nosaka piemaisijumu, tas ir, citu
fazu piemaisijumu, klatesamiba. Ta rezultata kordierita kristalisko fazi saturoso
materialu summara izple$anas ir novértéjama robezas no 1,5 lidz 4,0-10° °C™* [1].

Lielakoties kordierita keramiskie materiali tiek izmantoti ka filtru vai kataliza-
toru neséju materials. Lielakais izaicinajums kordierita keramisko materialu izgata-
vo$ana ir iegiit tiru materialu. Sim nolitkam tiek izmantotas “tiras” izejvielas: oksidi,
hidroksidi, ka ari kaolins un/vai talks. Sadas kompozicijas sakepina 1400 °C, tuvu
ta deformacijas (kusanas) temperatrai, bet lidz ar to pastav risks iegut defektivu
produktu. Lai samazinatu nepiecie$amo sintézes temperatiiru, klasiskas kordierita
kompozicijas tiek modificétas ar t.s. kusniem (B,O,, P,O,, Bi,O, u.c.) [2].

Saja darba ir pétita kordierita kompozitkeramikas (veidotas no karbonatus
saturo$iem maliem un oksidu stehiometriskiem maisijumiem) termiska trieciena
izturiba cikliska termiska $oka ietekmé. Pétjjumos konstatéts, ka kordierita ke-
ramikas termiska trieciena izturiba, kas raksturota ar elastibas modula izmainu,
pakapeniski samazinas, un straujakas izmainas ir novérojamas péc pirma termis-
ka trieciena cikla. Atskiriba no klasiska kordierita keramikas materiala kordierita
kompozitmaterials uzrada “pasatjaunosanas” efektu, kas skaidrojams ar stiklveida
fazes pakapenisku mikroplaisu aizpildi$anu, un tas noved pie materiala struktaras
nostiprinaganas. Sis efekts ir tiei atkarigs no paraugu sastava un ir ar lielaku inerci
materialam, kas raksturojams ar mazaku stiklveida fazes saturu.
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IILLITU UN ILLITU MALU APSTRADES PANEMIENU
IETEKME UZ TO STRUKTURAS IZMAINAM UN KERAMIKAS
MATERIALU TPASTBAM
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Mlitusmédzaprakstitkahidrovizlasarvisparéjuformulu [K Al (Si, Al)O, (OH),
kur (0,75<x<0,9). Strukturali illiti pieskaitami pie slanainiem silikatiem, kuru struk-
taras vieniba sastav no divam Si-O tetraedriskam kartam, kas parasti saistitas ar
oktaedriskam Al-O kartam. Viens no vairakiem panémieniem, lai iegitu no $iem
maliem keramikas materialu ar palielinatu porozitati, ir to apstrade ar relativi aug-
stas koncentracijas sarmiem, parasti NaOH vai KOH tidens $kidumiem. Lai gan $is
panémiens parasti tiek lietots 1 : 1 kartainiem alumosilikatiem - galvenokart malai-
nam mineralam kaolinitam - vai tos saturo$iem kaolina maliem, lai iegiitu t.s. geo-
polimérus, pétijumu interesu loka ir ari attiecibas 2 : 1 malainie minerali un mali -
illiti un illitu mali.

Kaolinita “Skisana” un Si and Al monomeéru veido$anos sarmu apstrades re-
zultata var aprakstit ar $adu vienadojumu:

ALSi O,(OH), + 60H" + H,O = 2AI(OH),” + 2H,SiO *,

277275

savukart Jauk$patam lidziga savienojuma hidrosodalita veido$anos var aprakstit ar
6Al(OH),” + 6H SiO,* + 6Na* = Na Si Al O,, + 12 OH" + 12H,0

Diemzél 2 : 1 illitiem vai tos saturoSiem maliem $adas reakcijas pilniba nere-
aliz&jas. Ir zinams [1, 2], ka vairak pétitam illitu analogam pirofillitam, ar strukta-
ras vienibu AL AISi,O, (OH),, kura oktaedriska Al-O karta ir ieslégta starp divam
tetraedralam Si-O kartam, iegtt pilnigi reagéjusu alumosilikatu (geopoliméru)
neizdodas. Savukart pirofillita dehidroksilacija temperatiira ~800 °C daléji mai-
na Al koordinaciju, bet “dzivotspéjigu” geopoliméru neveido. Saskana ar pétiju-
mu rezultatiem AlO, karta, kas ir ieslégta starp augséjo un apakséjo SiO, kartu, ir
aizsargata no sairmu jedarbibas un lidz ar to neveido $kisto$us aluminatus. Ir ari
paradits, ka 2 : 1 kristalisko kartu nav iespé&jams sagraut, vienlaikus iedarbojoties
mehaniski un kimiski un paklaujot illitus bumbu vai vibro-mal$anas procesam.
Ari $adi apstradati illiti neveido geopoliméru materialu, kas cietétu 60 °C tempera-
tara un kam butu pietiekama mehaniska izturiba. Ir ari paradits, ka tie nav pilniba
rentgenomorfi. Tomér rentgenogrammas var saskatit ceolita fazes piemaisijumus.

Pétijuma mérkis ir paradit kimiskas, mehaniskas un termiskas iedarbibas ie-
tekmi uz malu minerala illita, ka ari divu veidu illitu malu, kas at$kiras ar karbo-
natu saturu (Lazas un Prometeja atradnes), struktiru un dazu ipasibu izmainam
apstrades ietekmeé.

Ir paradits, ka véra nemamas illitu struktiras izmainas ir panakamas, lieto-
jot termisku apstradi ar vai bez sekojosas apstrades ar sarmu. Termiska apstrade
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~600 °C temperatara un kimiska apstrade ar 6 M NaOH ir efektivakais illitu struk-
tiras sagrausanas veids. Termiskas apstrades rezultata var iegiit homogénu illita
pulveri ar sfériskas formas dalinam, kas aktivizé keramikas sakep$anas procesu,
pazeminot sakep$anas temperattiru par 100-150 °C. Savukart, apstradajot illitus
vaj illitu mazkarbonatu malus ar 6 M NaOH, iegiita produkta ~50-60 °C tempe-
ratiira veidojas H,O saturodi natrija alomosilikata garenas formas kristaliski vei-
dojumi - Na(AlSiO,), - H,O un sacietéjusais materials ir ar relativi vaju mehanis-
ko izturibu. Lidziga iedarbiba ir ari, ja apstradé izmanto daudzkarbonatu malus
(CaO + MgO saturs 10-12 %), bet $aja gadijuma materiala ~100-120 °C tempera-
tara veidojas hidratizéts Ca alumosilikats, kas nodrosina sacietéjusam materialam
augstu spiedes izturibu - ap 50 MPa.
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AR KOMBINETO METODI IEGUTU MALU KERAMIKAS
PORAINU GRANULU SORBCIJAS PETIJUMI
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Latvijas malu izmanto$ana dobo keramisko granulu izgatavo$ana varétu pa-
veért iespéjas dazadu multifunkcionalu sorbentu, iidens uzturésanas agentu, vieg-
lo bavmaterialu, $tinainas keramikas razosanai. Veiktaja pétijuma tika aprakstiti
un salidzinati divi malu granulu veidi un izgatavo$anas panémieni - ar izdegoso
$ablonu un ar tie$as uzputosanas metodém. Aprakstiti granulu veido$anas teh-
nologiskie parametri (granulatora cilindra rotacijas atrums, dispergétaja rotacijas
atrums, zavésanas kinétika). Izpétitas un salidzinatas dazu skidrumu sorbcijas ka-
pacitate (Gidens, naftas produkti). Astoniem dazadiem paraugiem, kas apdedzinati
1050 °C, tika noteikta heksana, toluola, benzina, dizeldegvielas, sintétiskas motor-
ellas, idens un 3,5% NaCl adens $kiduma sorbcijas kapacitate (g/g), izmantojot
gravimetrisko metodi.

Ar uzputo$anas panémienu izgatavoto paraugu adsorbcijas kapacitate tris pa-
raugu gadijuma ir labaka neka dobo sféru adsorbcijas kapacitate. Vislielaka adsorb-
cijas kapacitate visu $kidumu gadijuma ir paraugam #6. Visaugstaka adsorbcijas
kapacitate (0,61 + 0,03 g/g) tiek sasniegta, izmantojot destilétu adeni. Vismazako
adsorbcijas kapacitati §is paraugs uzrada, izmantojot heksanu - 0,350 + 0,003 g/g.
Heksana adsorbcijas kapacitate visos paraugos ir robezas no 0,15 + 0,04 lidz jau
iepriek$ minétajiem 0,350 + 0,003 g/g. Paraugs #4, kurs uzrada viszemako heksana
adsorbcijas kapacitati, ari citus $kidumus adsorbé vissliktak. Si parauga adsorbcijas
kapacitate ir robezas no 0,15 + 0,04 g/g heksanam lidz 0,27 + 0,06 g/g, kas ir des-
tileta adens adsorbcijas kapacitate. Dobo sféru adsorbcijas kapacitate ir nedaudz
labaka neka iepriek$ minétajam paraugam. Ta ir robezas no 0,1900 + 0,0005 g/g
heksanam lidz 0,280 + 0,002 g/g sals tidens skidumam. Labakus rezultatus uzra-
da paraugi #5 un #7, kuru adsorbcijas spéja ir lidziga, respektivi, abi $ie parau-
gi vislabak adsorbé destiléto ideni, kura adsorbcijas kapacitate paraugam #5 ir
0,43 £ 0,03 g/g un #7 ta ir 0,430 * 0,005. Sals iidens $kiduma adsorbcijas kapacitate
$ajos paraugos ir 0,34 + 0,01 g/g parauga #5 un 0,33 + 0,04 g/g parauga #7. Hek-
sanu ari $ie paraugi adsorbé vissliktak — #5 parauga 0,28 + 0,08 g/g un #7 parau-
ga 0,280 + 0,006 g/g. Arl motore]las adsorbcijas spéja Sajos paraugos ir lidziga -
#5 0,35 + 0,02 g/g un #7 0,36 + 0,01 g/g. Benzina adsorbcijas kapacitate $ajos
paraugos ir 0,34 + 0,02 g/g parauga #5 un 0,31 + 0,03 g/g paraugad #7. Izman-
tojot toluolu, ir noteiktas $adas adsorbcijas spé&jas — 0,34 £ 0,02 g/g parauga #5
un 0,29 + 0,10 g/g parauga #7. Dizeldegvielas adsorbcijas spéja #5 parauga - ir
0,33 £ 0,01 g/g un #7 parauga - 0,400 + 0,004 g/g.

Pétijums tapis Valsts pétijumu programmas 2014-2017 6. programmas 4. projekta “Zemes
dzilu resursu izpéte - jauni produkti un tehnologijas (Zeme)” 2. apak$projekta ietvaros.

44



MALU DOBO KERAMISKO SFERU SORBCIJAS
TPASIBU PETIJUMI

Andrejs SISKINS, Austris LAKSA, Zane TIMERMANE,
Viktorija SIDLOVSKA, Jurijs OZOLINS

Rigas Tehniska Universitate; e-pasts: powder.al.b@gmail.com

Sobrid ir aktuals jautajums par jaunu Latvija atrodamo malu pielietojumu
meklésanu. Latvija ir pieejami plasa tipa mali, tomeér ne visus var izmantot viegla,
poraina keramiska sorbenta veidosanai. Latvijas malu izmantosana dobo keramisko
granulu izgatavo$ana varétu pavért iespé&jas dazadu multifunkcionalu sorbentu,
udens uzturésanas agentu, vieglo biivmaterialu, $tinainas keramikas razosanai.

Veiktaja pétijuma ir aprakstitas dazadu $kidumu sorbcijas ipasibas Latvijas
malu (Liepas atradne) keramikas dobas sféras, kas iegiitas, izmantojot izdegoso
$ablonu metodi ar pasizveidotas laboratorijas méroga iekartas palidzibu. Tika
aprakstitas malu keramikas dobo sféru Gidens uzturésanas ipasibas, lai izvértétu
perspektivu $os materialus izmantot adens uzturésana, un naftas produktu sorbci-
jas kapacitate, lai noteiktu to piemérotibu naftas produktu savaksanai.

Mala granulu adsorbcijas kapacitates méri$anai tika izmatoti 7 $kidumi -
destiléts tdens, toluols, heksans, benzins, dizeldegviela, motorella un salu tdens
$kidums. Adsorbcijas kapacitate tika noteikta mala granulam, kuras apdedzinatas
temperatdra 950, 1000, 1050 un 1100 °C. Paraugi tika daliti péc temperatiras, ka
ari péc formas — veselas granulas un sadrupusas granulas. Adsorbcijas mérisana
tika izmantota dinamiska adsorbcijas noteik$anas metode, kura granulu masa
tika noteikta, kad granulas noteiktu laika intervalu bija turétas kada no ieprieks
minétajam vielam. Laika intervali bija 30 sekundes, 1, 2, 5 un 10 mindtes.

Granulu, kas apdedzinatas 1000 °C, adsorbcijas spéja ir vislielaka: 3,5% NaCl
tdens $kiduma adsorbcija ir 0,38 + 0,006 g/g, motorellas adsorbcijas spéja ir
0,37 + 0,01 g/g, savukart dizeldegvielas un benzina adsorbcijas spéjas ir attiecigi
0,30 = 0,002 un 0,29 + 0,007 g/g. Tapat, vismazaka adsorbcijas kapacitate ir or-
ganiskajiem $kidinatajiem - toluolam un heksanam, kas ir 0,24 + 0,006 g/g. Vis-
mazaka adsorbcijas spéja ir granulam, kuras apdedzinatas temperatiira 1100 °C.
So granulu adsorbcijas spéja neparsniedz 0,2 + 0,0007 g/g, kas ir toluola adsorb-
cijas spé&ja. Vismazaka adsorbcijas spéja ir 0,08 + 0,0008 g/g heksanam. Granulu,
kuras apdedzinatas 950 °C temperatiira, adsorbcijas spéja ir robezas no 0,2 lidz
0,27 g/g, tomér toluola adsorbcijas kapacitate ir 0,14 + 0,01 g/g. No rezultatiem
secinats, ka optimala malu granulu apdedzinasanas temperatara ir 1000 °C.

Pétijums tapis Valsts pétijumu programmas 2014-2017 6. programmas 4. projekta “Zemes
dzilu resursu izpéte — jauni produkti un tehnologijas (Zeme)” 2. apaksprojekta ietvaros.
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STRUKTURETA PORAINA KORDIERITA KERAMIKA

Ruta SVINKA, Visvaldis SVINKA, Jalija BOROVIKA,
leva ZAKE-TILUGA, Lauma LINDINA

Rigas Tehniska universitate; svinka@ktf.rtu.lv

Keramikas tehnologija kordierita keramika un tas pielietojums ir plasi zinami.
Biezak ta ir bliva korunda keramika vai kordierita-mullita keramika, kam piemit
temperatiiras izturiba 1300-1350 °C, turklat arT $ada keramika iztur straujas tem-
peratiras mainas (Haase, 1996). Mazak informacijas ir par augsti porainu kordie-
rita keramiku, kura bat papildus lietojama ka siltumu izoléjoss un gazes un skidru-
mus caurlaido$s materials. Sida augsti poraina keramikas materiala (ar porainibu
70-75 %) triakums varétu but ierobeZota mehaniska izturiba.

Darba meérkis ir iegat augsti porainu kordierita keramiku, §im nolikam iz-
mantojot poru veido$anas reakciju, kura izejvielas suspendéta stavokli kimiski re-
agé ar sikdispersu metalisku aluminija pulveri.

Analizéta piedevu (ZrO,, amorfs SiO,) ietekme uz kristalisko fazu veidosanos
apdedzinasanas procesa 1250-1400 °C temperatira (Fernandes, 2014; Winterstein,
2003). Iegutajiem materialiem $kietamais blivums ir robezas 0,70-0,85 g/cm®. Ma-
terialu spiedes stipribu palielina ZrO, piedeva izejvielu maisijuma. Termiskas iz-
plesanas liknu (1. attéls) analize liecina par materiala ekspluatacijas temperatiiras
paaugstinasanos.
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1. att. Kordierita un kordierita ar ZrO, piedevu termiskas izpleSanas liknes.

Termiskas izplesanas izmainas liecina, ka kordierita veido$anas turpinas lidz
1400 °C temperaturai.
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2. att. Kordierita un kordierita ar ZrO, piedevu siltuma vadamiba no istabas
temperatiiras temperatdras lidz 1100 °C.

ZrO, piedeva lidz 800 °C temperatiirai augsti porainas keramikas siltuma va-
ditspéju ietekmé nedaudz (2. att.), un siltuma vadamibas koeficients saglabajas
0,3 W/mK. Augstakas temperatiras cirkoniju saturosas keramikas siltuma vada-
miba palielinas nedaudz salidzinajuma ar kordierita keramiku bez piedevam.

LITERATURA
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PORAINAS MALU KERAMIKAS MODIFICESANAS IESPEJAS

Ruta SVINKA, Inga PUDZE

Rigas Tehniska universitate; e-pasts svinka@ktf.rtu.lv

Darba keramikas granulu iegtiSanai ar plastikas veidosanas palidzibu izman-
toti izteikti plastiskie kvartara Prometeja atradnes mali. Porainibas palielinasanai
maliem pievienoti 3% zagu skaidu (@ < 2 mm). Porainibas palielina§anai paraléli
sagatavota otra paraugu sérija, kur pievienoti 2% glicerina, kas ir rap$u ellas rafi-
nésanas blakus produkts. Tada veida ir izdevies nevis ievérojami palielinat valgjo
porainibu, bet gan izmainit poru izméru sadalijjumu, seviski augstakas paraugu
apdedzinasanas temperatiiras (1. att.).
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Butiska atskiriba paradas attieciba uz apdedzinato paraugu pulveru virsmas
ipasibam. Granulam, kas iegiitas no maliem ar glicerina piedevu, piemit zeta po-
tencials ap —24, atskiriba no granulam, kuru izgatavo$anai maliem bija pievienotas
tikai skaidas. Rezultata izmainijas ari granulu sorbcijas spé&ja un sorbcijas atrums -
granulas ar glicerina piedevu skiduma esoso jodu adsorbéja 3 reizes isaka laika
neka granulas bez glicerina piedevas.

Prometeja malu granulu sorbcijas spéjas uzlabo$anai un iespéjamai fotoka-
talitiskai aktivitatei granulu virsma tika parklata ar nanodispersu ZnO vai tika
piesticinata ar cinka acetata skidumu (Akyol, 2010), kas, apdedzinot 600 °C tem-
peratiira, veido uz parauga ZnO nanodalinas. Paraugu fotokatalitiskas aktivitates
noteiks$anai tika izmantots metiloranza $kidums, un apstaro$ana veikta redzamas
gaismas diapazona (A = 460 nm). Ar glicerina piedevu un 1100 °C temperatiira ap-
dedzinatas un péc tam ar cinka acetatu piesticinatas granulas apstarojot ar 460 nm
vilpu garuma gaismu, 4 stundu laika tika sadalits viss $kiduma eso$ais metilo-
ranzs. Savukart ar nanodispersu ZnO parklato granulu fotokatalitiska aktivitate
bija zemaka. Taja pasa laika ar ZnO neparklatas granulas metiloranzu nesadalija.

LITERATURA

Akyol, A., Bayramoglu, M. (2009). Preparation and characterization of supported ZnO
photocatalyst by zincate method. Journal of Hazardous materials, 175, 484-491.
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AUGU AUGSANU VEICINOSU BAKTERIJU IMOBILIZACIJA UZ
KERAMIKAS GRANULAM

Signe ZVAGINA, Anita BERZINA, Vizma NIKOLAJEVA, Zaiga PETRINA, Anita
LIELPETERE

Latvijas Universitate; e-pasts: vizma.nikolajeva@Iu.lv

Augu augganu veicinosas baktérijas jeb augu biostimulatori ir mikroorganis-
mi, kuri, nogadati tiesi uz augiem vai rizosféra, stimulé dabiskos procesus, uzlabo-
jot baribas vielu uznemsanu, razas kvalitati un augu toleranci pret abiotisko stresu
(www.biostimulants.eu). Biostimulatoru aktivie agenti ir, pieméram, Azotobac-
ter, Bacillus, Pseudomonas, Rhizobium un Streptomyces ginsu sugas (parskatam:
Ahemad, Kibret, 2014). Masu pétijumu objekti bija Streptomyces griseoviridis,
Azotobacter sp. un Rhizobium leguminosarum biovar viciae. Streptomyces producé
fitohormonus (Harikrishnan et al., 2014), sideroforus dzelzs jonu saisti$anai un
dazadus enzimus, un tie sp&j hidrolizét celulozi, hitinu un ksilanu (Sousa et al.
2008). Azotobacter sugas ir augsné brivi dzivojosas molekularo slapekli saistosas
baktérijas, kas ari producé fitohormonus (Ponmurugan et al., 2012) un sideroforus
(Verma et al., 2001). Rhizobium leguminosarum biovar viciae spéj veidot guminus
uz zirgu, pupuy, lécu un viku sakném un saistit atmosféras slapekli simbiozé ar
minétajiem taurinzieziem.

Komercialos mikrobiologiskos biostimulatoru preparatus var iegadaties sausa,
$kidra vai liofilizéta forma. Parasti izmanto sausos lidzeklus uz kadras bazes. Dar-
ba tika pétita baktériju imobilizéSana uz kiadras un uz mala granulam, ka ari tika
veikta imobilizéto baktériju dzivotspéjas parbaude 10 ménesu laika tris dazadas
temperataras: 20 °C, 4 °C un -18 °C temperatira. Salidzinajumam tika pétita ari
baktériju dzivotspéja sterila tidens suspensija bez substrata. Imobilizaciju veica 2,5
stundu laika 20 °C temperatara.

Imobilizacija notika gan pie kidras, gan pie mala granulam, tomér vairak
baktériju piesaistijas pie kiidras. Neséjmaterials ietekméja imobilizacijas sekmes,
un uzglabasanas temperatiira ietekméja baktériju dzivotspéju. Vislabakie rezultati
tika iegati, uzglabajot baktérijas suspensija vai imobilizéjot uz kadras. Baktériju
dzivotspéja vislabak saglabajas 4 °C temperatiira, ja ka imobilizacijas materials
tika izmantota kadra. Ja imobilizacijai tika izmantotas mala granulas, baktériju
dzivotspéja vislabak saglabajas —18 °C (1. attéls).

Pateicibas

Pétfjumi veikti Valsts pétljumu programmas “Meza un zemes dzilu izpéte,
ilgtspéjiga izmanto$ana - jauni produkti un tehnologijas (ResProd)” apaksprojek-
ta “Mala materialu inovativs pielietojums mikroorganismu biotehnologijas” iet-
varos. Pateicamies RTU Silikatu materialu institaita zinatniekiem Dr. habil. sc. ing.
V. Svinkam un Dr. sc. ing. R. Svinkai par keramikas granulas sagatavosanu un
raksturo$anu.
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1. att. Uz keramikas granulam imobilizéto Streptomyces griseoviridis dzivotspéja
glabasanas laika —18 °C, 4 °C un 20 °C temperatira.
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MALI UN MALA KERAMIKA ARHEOLOGIJA
UN VESTURES PETTJUMOS S5

CLAYS AND CERAMICS IN ARCHAEOLOGY
AND HISTORICAL STUDIES

DEKORATIVIE ELEMENTI VELA BRONZAS LAIKMETA
KERAMIKA LATVIJAS TERITORIJA

Vanda VISOCKA

Latvijas Universitate; e-pasts: vanda.visocka@Invm.lv

Dekorativie elementi vélaja bronzas laikmeta sastopamaja keramika Latvijas
teritorija ir visai reta paradiba. Trauku fragmenti ar dekoru sastada procentuali
niecigu dalu, lielakoties tie neparsniedz 1% barjeru, ka iznémumi $aja konteksta
jamin Brikulu (1,42%) un Mukukalna pilskalni (1,05%). Vélaja bronzas laikmeta
sastopamie dekorativie elementi iedalami vairakas grupas — 1) auklas nospiedumi,
2) bedrites, 3) svitru iegriezumi, 4) nagiespiedumi, 5) ovali izcilnisi un 6) valnisi
(Vasks, 1991).

Auklas nospiedumi veidoti ar tievam, apalam kocinam vai nazveida $kilai
aptitu auklu, un $ads nospiedums parsvara izkartots slipu vai horizontalu liniju
grupas (Vasks, 1994). Ir pienemts, ka $is dekorativais elements saknojas auklas
keramikas tradicijas, kas raksturigas neolita laika posmam (Cimermane, 1976). Sis
ornaments reizém tiek papildinats ar bedritém (Vasks, 1994). Keramika ar auklas
nospiedumu liela skaita atrasta Brikulu, Kivutkalna un Makukalna pilskalnos.

Bedrites ir veidotas, iespiezot kocinu viena, retak divas vai tris paralélas rindas
gar poda malu (Vasks, 1994). Lai gan visizplatitakas ir apalas formas bedrites, ir
sastopamas ari garenas, rombiskas, ka ari taisnstira un kvadrata formas bedrites.
Keramika ar bedritém atrasta Brikulu, Kivutkalna, Klangukalna, Krievukalna un
Mikukalna pilskalnos.

Svitru iegriezumi ir viens no visretak sastopamajiem dekorativajiem elemen-
tiem. Svitras parasti orientétas vertikali vai ieslipi, un ari $is ornaments klaj trauka
malu viena, retak divas vai tris rindas (Vasks, 1991). Tapat $is ornaments reizém
tiek papildinats ar bedritém, parsvara veidojot kompoziciju ar tris vai divam hori-
zontalam svitram un vienu bedriti gar trauka aug§malu. Fragmenti ar $adu dekoru
atrasti Briku]u, Klangukalna un Kivutkalna pilskalnos.

Nagiespiedumi péc rakstura ir dazadi - iespiesti ar vienu vai diviem pirkstiem,
ka ari ar nagu viegli iebakstiti pusméness vai svitrinas forma (Cimermane, 1976).
Véla bronzas laikmeta keramika visbiezak sastopamais veids ir iespiests ar vienu
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vai diviem pirkstiem. Nagiespiedumi veidoti gan trauka aug§mala, gan uz pédas,
gan ari uz pasas poda malas. Nagiespiedumi $aja laika posma sastopami parsvara
Rietumlatvijas pieminek]os — Krievukalna un Paplakas pilskalnos.

Ovali izcilnisi ir vai nu veidoti kopa ar trauku, vai ari pielipinati klat veélak.
Sads dekorativais elements Latvijas bronzas laikmeta keramika ir loti rets, jo nelie-
la skaita atrasts vien divos pilskalnos - Kivutkalna un Krievukalna. Citviet Eiropa
bronzas laikmeta $is dekors ir loti iecinits un izplatits plasa areala. Izcilnisi sasto-
pami Ibérijas pussala — El Argara, Balearu salas - Maljorka un Menorka, Dienvid-
rumanija — Ezerova, Cehija, tapat ari Danija — Borum Eshoja (Borum Eshoj), ka ari
Polijas dienvidos (Luzicas kulttira) (Fokkens, Harding, 2013; Rydh, 1926; Gorski,
2009).

Valnitis ir viens no vienkarsakajiem dekorativajiem elementiem. Tas veidots,
apliekot mala veidmasu ap trauka malu. Sada veida dekori atrasti Kivutkalna,
Krievukalna, Térvetes, Vina kalna u.c. pilskalnos.

Kopuma jasecina, ka dekorativo elementu veidi vélaja bronzas laikmeta Lat-
vijas teritorija ir visai dazadi. Ornaments nosedz tikai malu vai aug$malu, retak
pédu. Dekori loti reti veido kadu geometrisku formu, visbiezak tie ir viena, retak
divas vai tris rindas klati.

1. att. a — auklas iespiedums, b — bedrites, ¢ — svitru iegriezumi ar bedriti
(foto © V. Visocka. No LNVM Kivutkalna keramikas kolekcijas).

a’! i
s "’”‘W’fﬂmm

2. att. d — nagiespiedumi, e — ovali izciln1si, f — valntis
(foto © V. Visocka. No LNVM Krievukalna keramikas kolekcijas).
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AGRAS RIPAS KERAMIKAS IZGATAVOSANAS SAKUMS
LATVIJAS TERITORUJA (11.-13. GS.)

Alise SULTE

Latvijas Nacionalais veéstures muzejs, Lacplésa iela 106/108, Riga, LV-1003;
e-pasts: alise.sulte@gmail.com

Agras ripas keramika ir pirmais mala trauku tips, ko Latvijas teritorija veido
uz 1éni rotéjosas podnieku ripas (Cimermane, 1962). Pétijuma analizéta agras ri-
pas keramikas formu diferenciacija un citu ar to saistito faktoru atskiribas pirma-
jos tris gadsimtos (11.-13. gs.), kad $adus traukus lieto Latvijas teritorija. Pétjjuma
rezultata iegaiti jauni dati par dominéjo$am formam un keramikas tipa ipatnibam
dazados regionos.

Trauku formu diferenciacija un citu pazimju atskiribas norada uz dazadiem
ietekmes vai izcelsmes virzieniem Latvijas austrumu un rietumu dalas agras ri-
pas keramikai. Redzamas ietekmes virzienu atskiribas lauj spriest par apskatitajas
senvietds dominéjosajiem kontaktu tikliem. Daugavas regiona atrastai agras ripas
keramikai ir ievérojama formu variacija un augsta kvalitate (1. att.). Trauku formas
uzrada keramikas ienaksanas virzienu no ziemeliem un austrumiem: Igaunija,
Novgoroda, Pleskava. Savukart Latvijas rietumu dala veidota agras ripas keramika
daléji saglaba iepriekséjo trauku veidosanas tradiciju elementus. Redzamas para-
léles ar Lietuvas keramiku, kas veidota uz léni rotéjosas podnieka ripas (1. att).

b

1. att. Agras ripas keramikas pods no Daugavas baseina (a —foto A. Sulte, no Latvijas
Nacionala veéstures muzeja krajuma, Salaspils pag. Laukskolas senkapu 576. apbedijums,
LNVM) un no Latvijas rietumu dalas (b — foto A. Sulte, no LNVM krajuma, Talsu
senpilséta, A 12940: 28).

Paslaik pieejama materiala apjoms nelauj neparprotami saistit agras ripas ke-
ramikas at$kiribas ar konkrétam kultaram. Ta¢u keramikas analize uzrada ievéro-
jamu, kvalitativu un kvantitativu atskiribu starp abu regionu agras ripas keramiku.

LITERATURA
Cimermane, I. (1962). Zimes uz XI-XIII gs. mala traukiem Latvijas PSR teritorija. Kraj.:
L. Vankina (red.). Latvijas PSR véstures muzeja raksti: Arheologija. Riga, 95.-105. Ipp.
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ROTAJOSI IESPIEDUMI UZ TRAUKU MALAM KURSU
KERAMIKA - IZPLATIBAS UN HRONOLOGIJAS JAUTAJUMI

Baiba DUMPE

Latvijas Nacionalais véstures muzejs, Laéplésa iela 106/108, Riga, LV-1003;
e-pasts: baiba.dumpe@Invm.lv

Viena no kur$u keramikas savdabigakam iezimém ir rotajosi iespiedumi trau-
ku augsdala. Tie veidoti ar pirkstu galiem vai dazada veida rotasanas rikiem. Kursu
keramika lidz $im pétita tikai apbedisanas ritualu konteksta (Ozere, 1986; Sulte,
2015 - sagatavots iespie$anai), tadé] prieksstati par saimnieciba izmantoto kerami-
ku ir visai nenoteikti. Tie balstiti uz fragmentariem pieminéjumiem publikacijas,
kas saistitas ar dazada perioda senvietu arheologisko izpéti. Si pétijuma mérkis —
precizét kur$u keramikas rotajuma pazimes, izplatibas arealu un lieto$anas laiku.

trazdu apmetne Ances senkapi
s -

Vartajas pilskalna apmetné:

2

1. att. Rotajoso iespiedumu veidi: trauki ar pirkstu galu iespiedumiem un tos
aizstajoSiem iespiedumiem 1 — trauku augSmal3; 2 — trauku augSmalas arpusé. (Strazdu
apmetne A 12467; Paplakas pilskalns A 12438; Kigku-Cukanu apmetne LM 41509; Ances

senkapi VVM 27874/ 11; Sausu apmetne A 12347; Vartajas pilskalna apmetne
LM 16294.)

Izpétot keramiku Latvijas un Lietuvas rietumu dalas dzives vietas un apbedi-
jumu vietas, kas tikusas izmantotas laika no 3. gadsimta pr. Kr. lidz 14. gadsimtam,
var secinat: 1) ar kur$u materialo kultaru saistitaja teritorija vérojama keramikas
izgatavo$anas tradiciju noturiba visa apskatamaja laika posma; 2) iespiedumi
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trauku aug$malas var kalpot par pazimi Lielupes un Daugavas baseina iedzivotaju
sakariem ar piejiras regionu; 3) jaunas iezimes kursu keramikas rotasanas veida
paradijas viduslaiku perioda, turklat tikai Livonijas teritorija.

.| © Dzivesvietas
Lo, i @ Apbedijumuvietas
- =ccad . Kurdu apdzivota teritorija 12. gs. beigas

zz{ 023 j
'f :_\\ /? [y ko ™\ e péc: Latvijas véstures atlants)
LN~ " A | f“ s C o 4

2. att. Raksta minétas senvietas ar rotajosiem iespiedumiem trauku augsmala:
1 — Ances senkapi; 2 — Lazdu senkapi; 3 — Puzes pilskalns; 4 — Sises cela apmetne;

5 — MeiZites pilskalns; 6 — Kalninu senkapi; 7 — Kapenieku senkapi; 8 — Osenieku senkapi;
9 — Strautinu senkapi; 10 — Grobinas pilskalns un apmetne; 11 — Vartajas pilskalns;
12 — Bunkas senkapi; 13 — Paplakas pilskalns; 14 — Strazdu apmetne; 15 — Sausu un Racu
apmetnes; 16 — Geistautu senkapi; 17 — Ki$ku-Cukanu apmetne; 18 — Birutes kalns—
Palangas pilskalns un senkapi; 19 — Imbares pilskalns; 20 — Kurmaicu senkapi;

21 — Girkalu senkapi; 22 — Paplinijas pilskalns; 23 — Satrijas pilskalns; 24 — Lieporu
apmetne; 25 — GrieZes senkapi; 26 — Osu apmetne; 27 — Térvetes pilskalns un apmetne;
28 — Kentes pilskalns un apmetne.

?"ZE M€q|é| o/ =
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SAISINAJUMI
A - Latvijas Nacionala véstures muzeja Arheologijas departamenta krajuma $ifrs.

LM - Liepajas Muzeja krajuma $ifrs.
VVM - Ventspils Véstures muzeja krajuma $ifrs.
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TRAUKU MALU FORMAS UN TO NOZIME BEZRIPAS
KERAMIKAS IZPETE

Valdis BERZINS

Latvijas Universitates Latvijas véstures institits; e-pasts: valdis-b@Iatnet.lv

Pétot bezripas keramiku, tas attistibas gaitu un hronologiju, arheologi lielu
uzmanibu pieveérs trauku aug$dalu un malu formai. Tiek izstradatas dazadas tipo-
logiskas shémas, kas atspogulo pétamajas keramikas kolekcijas sastopamas rakstu-
rigakas formas. Si pieeja sevi pieradijusi praksé — ta palidz izsekot keramikas tra-
dicijas noteikta perioda un regiona. Toties ta apgriitina salidzinasanu ar keramiku
no citam teritorijam un laikposmiem, kur pétnieciba tiek izmantota citadas trauku
malu formu tipologiskas shémas.

Veicot Sarnates vidéja neolita (4. g. t. pr. Kr.) apmetnes keramikas analizi,
autors izveidojis trauku malu tipologisku shému, kas balstas uz nedaudz citiem
principiem. Lai klasificétu traukus péc to aug$dalas/malas formas, vispirms tiek
noteiktas atseviskas pazimes; talak So pazimju kopums nosaka, kurai tipologiskai
vienibai trauks pieskaitams. Shéma aptver ari formas, kas nav sastopamas Sarnates
kolekcija, ar apsvérumu, lai ta bitu lietojama ari, pétot citas bezripas keramikas
kolekcijas — gan neolita laika, gan arl vélaku posmu -, un tadéjadi atvieglotu sali-
dzinasanu starp dazadiem periodiem un teritorijam, laujot izsekot trauku augs$da-
lu/malu formu attistibai plasakos mérogos.

Vispirms izvérté trauka augsdalas formu kopuma, nosakot, vai konstatéjams
trauka sienas atliekums. Traukiem ar atliekumu papildus nosaka, vai trauka ieks-
pusé pareja no trauka sana uz atliekumu ir noapalota vai ari to iezimé $kautne. Ta-
lak izvérté aug$malas pazimes: vai ta ir noapalota, saaurinata vai plakana, vai tai
konstatéjams izvirzijums/uzbiezinajums uz iek$u un/vai uz aru. Saaurinatai augs-
malai, protams, nav iespéjams uzbiezinajums - ta var bt pavérsta taisni uz augsu,
uz iek$u vai uz aru. Plakanam augsmalam papildus izvérté, vai augSmalas virsmas
plakne attieciba pret sienas ieks&jo virsmu orientéta perpendikulari vai slipi (vér-
sta uz iek$u). Pamatojoties uz $im pazimém, trauki tiek pieskaititi pie vienas no
divam trauku aug$dalu/malu pamatformam (I - trauki ar taisnam vai ieliektam
sienam; S - trauki ar atliekumu), kas talak sadalitas tipos un apakstipos, pamato-
joties uz aug$malas formas un atliekuma iek$éjas virsmas pazimém (1. att.).

Trauku malu formas kalpo galvenokart ka tipologiskie markieri, un parasti
tas netiek aplukotas kopsakara ar keramikas izgatavo$anas tehnikas ipatnibam vai
trauku funkcionalajam ipasibam, ta¢u $ada pieeja lautu skaidrak sasaistit trauku
morfologijas attistibu ar tehniskajam un funkcionalajam izmainam. Pieméram,
traukam, kas tiek konstruéts, vienu virs otras pielipinot mala gristes, ar minimalu
augseéjas gristes pieveido$anu varéja pieskirt noapalotu, saaurinatu vai Sauru, pla-
kanu augSmalu. Turpreti platu, slipu (uz ieks$u vérstu) augsmalu (1. att.: Id4) batu
vieglak iegiit, pielipinot slipi vérstu mala lenti - t.i., ar metodi, kas drizak saistama
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ar N veida savienojuma panémienu (par trauku darinasanas panémieniem skat.
Dumpe, 2003, 115-116).

Mala trauka augsdalas un malas formu vismaz daléji noteica arl paredzétais
trauka izmantojums ($kidru vai sausu produktu glabasanai, gatavo$anai, servésa-
nai, é$anai/dzer$anai utt.) un nepiecie$amas ipasibas atbilstosi trauka izmériem,
pasa trauka un paredzéta satura svaram, mehaniskajam un termiskajam slodzém,
kadam tas tiks paklauts, u.tml. Pirmkart, jau trauka malas uzbiezinajumu ka tadu
var uzskatit par tehnisku risindjumu - tas malai pieskir lielaku stipribu. Varamais
trauks ar platu muti un augsdalu, kura érti varit lielus galas un zivju gabalus, atbil-
da seno mednieku-zvejnieku dzivesveidam (Janzon, 1974, 106), turpreti no trauka
ar $auru, ieliektu muti tik viegli neizlis saturs, tas labak saglabas siltumu vai vésu-
mu, bet trauka atliekums lauj to apsiet un ciesi noslégt.

M n ]

lal Ibl Icl Id1 Sal (Z;? Sbi {i;7
R 7 I 1

la2 (I b2 Ic2 Id2 Sa2

O ™ . ]
Ia3 Ib3 Ic3 1d3
1. att. Bezripas trauku malu formu tipologiska shéma (romiesu cipari — pamatformas;
burti — tipi; arabu cipari — apakstipi). Trauka arpuse — pa labi (Bérzins, 2003: 2. att.).

™
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TESTING REHYDROXYLATION METHOD FOR HISTORICAL
BRICKS DATING

lize VIRCAVA, Armin KUNINGAS, Kalle KIRSIMAE

Tartu University, Department of Geology; e-mail: ilze.vircava@gmail.com

There are numerous dating methods which are used in nowadays archelogy,
though for ceramics only Luminescence Dating method (LDM) has been the only
method suitable for clay ceramic artefacts. The method is quite effective, but as
drawback is a high costs of analysis and lack of laboratories working with LDM.
The revolution in dating of ceramic artefacts can be related to rehydroxylation
(RHX) method established in 2009, when first rehydroxylation dating experiments
on modern bricks were published by scientists at The University of Manchester
(Wilson etal., 2009). The RHX method is based on ceramic rehydroxylation process
after firing, passing by adsorption of environmental moisture and expansion of the
material and mass increase. Wilson at al. (2009) described rehydroxylation rates
with time % power law.

The method itself is a relatively fast and cheap analytic process, requires
relatively small sample amount of <5 g, and has a simple procedure of measurement
and results calculation. Therefore, the method has a rapidly growing popularity
in archeology (Bowen at al., 2011; Barrett 2013; Goff and Gallet, 2014; Clelland
et al,, 2014; Moinester et al., 2015). However there are many obstacles that could
have influence on dating results, for example, burial history, artefact homogeneity,
crystallinity, storage after excavation, contaminants, and analytical errors (Wilson
et al., 2009; Clelland et al., 2015; Zhao et al.,, 2015). Also poor reproducibility of
the RHX results has been recently described (Zhao et al., 2015). Nevertheless,
investigations on ceramic dating by RHX have shown its usability for dating
ceramic artefacts as bricks, pottery spanning in time from modern to 7000 years
old (Wilson et al., 2009; Barrett, 2013; Zhao et al., 2015).

Our goal was to test RXT method at University of Tartu and to study the
influence of mineral composition and microstructure of fired clay materials
(bricks) on RHX dating results. Ten bricks samples from Tartu and Tallinn of
different age were sampled for testing. The total time of RXH experiment was
181 h, where first results showed two stage rehydroxylation (I stage at 105 °C, II
stage at 550 °C). The linearity and slope of curves in second stage varies from
sample to sample, that could be explained by different time of rehydroxylation and
dependency from structure and composition of material.

The research was financially supported by the National Research Program No. 2010.10-4/
VPP-5 ResProd and by Estonian Research Council grant ERMOS100.
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WALL BRICKS OF VILNIUS AS RELEVANT OBIJECT OF
INTERDISCIPLINARY INVESTIGATIONS

Saulius SARCEVICIUS?, Ri¢ardas TARASKEVICIUS?

tLithuanian Institute of History, Vilnius, Lithuania; e-mail: sausarii@gmail.com;
2Nature Research Centre, Vilnius, Lithuania;
e-mail: ricardas.taraskevicius@gmail.com

Unlike the pottery, the production of building ceramics required more
complex technologies, special knowledge, equipment, more raw material and
labour resources. It was greatly associated with the strategic needs of the country
related to the building of castles, as well as to civil and church architecture. Its
origin and development in Vilnius, the capital of the Great Duchy of Lithuania,
was from the very beginning inspired at the state level as a strategically important
craft. Hence, brick is an important source of the knowledge about the economy
of the country, its organisation level, technical development, defensive potential
and material influence on the culture during different periods. Brick is one of the
most widely spread and universal products in the wide spectrum of the building
ceramics; it is not only often found during archaeological investigations, but also
is easily accessible for investigations in the buildings, great part of which is reliably
dated in historical sources.

Many methods are used by archaeologists of Lithuania for investigations
of old wall bricks: trasological methods related to analysis of brick size changes
and marked bricks, physical methods determining the physical properties of
the product, the temperature of its firing, archaeomagnetic, radiological and
geochemical methods. The application of the latter methods for brick investigations
enables to speak about its perspectives.

Geochemical investigations are understood as a complex of methods which
includes: a) purposeful selection of brick fragment samples; b) multi-elemental
method of determination of real total contents (Taraskevi¢ius et al., 2013%) of
elements (not less than 20-25 chemical elements including all major elements);
¢) multivariate statistical analysis (e. g. cluster, factor analysis); d) analysis of the
ratios of geochemical indices (e.g. Al, K, Rb, Tij, reflecting different clay minerals,
Si, (Na, P), etc. reflecting clay additives, Ca, Mg, Sr reflecting carbonate minerals);
e) graphical representation of results.

Energy-dispersive X-ray spectroscopy is presently most often used for
determination of chemical composition of bricks. Its advantage is that great
number of chemical elements (>40) can be determined including all those related
to clay minerals and their additives (Al, Ca, Fe, Mg, Na, K, Si, Ti) accompanied
by specific trace elements (Br, Ga, Cl, Co, Cr, Cu, Mn, Nb, Ni, Rb, St, S, P, Zn,
Pb, etc.). The possibilities to group the results obtained by this method with the
help of cluster analysis (Fig.1) are more and more often used in the practice of
archaeological investigations (Taraskevic¢ius et al., 2012; Taraskevic¢ius et al., 2013?).
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Fig. 1. Cluster dendrogram: grouping of brick fragments using the contents of Fe, Si, Rb,
K, Al, Y, Zr, Th, Ni, Zn, Nb, Ga, Ba, Sr, Mn, Ca, Mg, P, Na, Cu, Cr, Cl and S. Ward’s method
of amalgamation and Euclidean distances were used for grouping. Abbreviations:
KR — furnace for brick firing, OB — St. Ann-Barbara Church, GS — defence wall, Z(28) and
Z(35+100) — marked bricks, ZP — the Lower Castle (from: Taraskevicius et al., 2013®).

The tasks for research focus in the nearest future when solving the issues of
brick production technologies, chronology and origin of clay as raw material
include geochemical-mineralogical investigations, search for informative
geochemical indices and analysis of their ratios. The authors are interested in
international cooperation.
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S6. MALU UN TO IZSTRADAJUMU
NETRADICIONALS PIELIETOJUMS S6

UNCONVENTIONAL APPLICATIONS OF
CLAY MINERALS AND THEIR PRODUCTS

KERAMIKA UN TAS DIMENSIJAS

Liga BERZINA-CIMDINA, Kristine SALMA-ANCANE

Rigas Tehniskas universitate, Materialzinatnes un lietiSkas kimijas fakultate,
Visparigas kimijas tehnologijas institlits; e-pasts: liga.berzina-cimdina@rtu.lv

Kop$ 2014. gada 1. oktobra Rigas Tehniskas universitates Materialzinatnes
un lietiskas kimijas fakultates Visparigas kimijas tehnologijas institats ir iesaistits
ES programmas “Radosa Eiropa” (2014-2020) apak$programmas “Kultira” sa-
darbibas projekta “Ceramics and its dimensions” Isteno$ana. Projekta realizacija
iesaistiti 25 partneri (universitates, muzeji, keramikas biedribas un organizacijas,
industrijas parstavji) no dazadam Eiropas valstim. Projekta virsmérkis ir inter-
disciplinara sadarbibas tikla izveide starp muzeju specialistiem, zinatniekiem, di-
zaineriem, arhitektiem, maksliniekiem, inZenieriem un profesionaliem keramikas
joma. Projekta dalibniekiem ir iespéja sniegt savu profesionalo redzéjumu par ke-
ramikas nozimibu laika griezuma, attistibu un ilgtspéju ar keramiku saistitas jo-
mas: maksla un kultara, zinatné un industrija. Projekts tiek istenots ka savstarpéji
saistitu apaksprojektu kopums, kuru sasniedzamie rezultati vérsti uz sabiedribas
informésanu, izglito$anu un izpratni par keramiku ka kultarvésturisko mantoju-
mu un ilgtspéjigu, inovativu materialu. Més vélamies paradit sabiedribai kerami-
kas plasas dimensijas simpozijos, pétijumos, izstadés, darbnicas, seminaros un
virtualaja vide.

Keramika nav tikai galda piederumi vai makslas darbi, tas ir unikals materials
ar izcilam stipribas, kimiska inertuma un elektriskajam ipasibam. So materialu
plasi izmanto ne tikai ka tradicionalo keramiku, bet ari ka tehnisko keramiku,
elektrokeramiku, celtniecibas keramiku un biokeramiku. Unikals ir keramikas
pielietojums biomedicinas joma. Ta saukta “biokeramika” uzrada izcilu biosa-
deribu cilvéka organisma un atjauno bojato audu funkcijas. Keramika ir veidota
no zemes dzilu resursiem, tadé] uzskatama par vienu no videi draudzigakajiem
materialiem. Keramika ir sniegusi nozimigu progresu cilvéces vésturé, tiesa veida
ietekméjot gan dzives stilu un kvalitati, gan nacionalo identitati. 21. gadsimta ke-
ramika tiek uzskatita par multidisciplinaru materialu, bez kura nav iedomajams
turpmakais tehniskais progress un tehnologiju attistiba.
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LATVIJAS MALU NETRADICIONALI PIELIETOJUMI

Visvaldis SVINKA, Ruta SVINKA, Inta TIMMA,
Lauma LINDINA, Andris CIMMERS

Rigas Tehniska universitate; e-pasts: svinka@ktf.rtu.lv

Mali ir uzskatami par dabigas izcelsmes nanodispersu geogénu materialu
(Ratzenberger 2014; Emmerich 2015). Pateicoties malu mineralu sastavam un da-
linu uzbuvei, tam piemit koloidala daba, virsmas aktivitate, sorbcijas spéja un spé-
ja mijiedarboties ar funkcionali aktivim grupam organiskos savienojumos. Malu
dabigaja sastava ir rinda dazadas dispersitates piemaisijumu - SiO, karbonati,
krasojo$i komponenti dzelzs savienojumu veida -, tapéc malu mineralu izmanto-
$ana kompozitmaterialos paredz malu iepriekséju apstradi — bagatinasanu, tas ir,
atbrivosanu no rupjgraudainiem piemaisijumiem. Dalinas ar izmériem lidz 30 um
ir iesp&jams atdalit ar sietu palidzibu no suspendéta stavokla, izmantojot sijasanas
iekartu Fritsch Analysette 3 PRO. Malvielu frakcijas iegiiSanai ar dalinu izméru
< 5 pm ir izmantojama sedimentacijas metode. Darba meérkis ir analizét devona
perioda Tajas malus, izmantojot dazadas bagatinasanas metodes un nosakot frak-
cionéto malu mineralogisko sastavu, dalinu izméru un termiskas ipasibas, ka ari
noskaidrot frakcionéto Tajas malu izmantos$anas iespéju krasainos parklajumos
kompozicija ar dabigo line]lu.

Malu paraugiem veikta diferenciala termiska analize ar iekartu SETERAM
SETSYS Evolution 1700. Malu frakcijas ar dalinu izméru > 32 p termogramma
paradita 1. attéla.

Péc sorbcijas cela saistita Gdens izdaliSanas termiska efekta ir izdariti secina-
jumi par malu mineralu virsmas ladina lielumu. Salidzinajuma rezultati paraditi
1. tabula.

1. tabula
Frakcionétu Tajas malu termiska analize

Sorbtivi saistita | Organisko vielu Dzelzs Malu mineralu

Udens izdalisanas | sadalisanas savienojumi dehidroksilacija

T,2C Ag,% T,2C Ag,% T,2C Ag,% T,2C Ag,%
Nefrakcioné

er?ﬂ;::”ets 130,79 | 0,503 |275,36| 0,100 |313,65| - | 519,37 | 3,000

Frakiia 1 13079 | 0.500 | 2654 | 0,149 |311,11| - |519,37 | 2,790
<32 pum

Frakija 1 13079 | 0887 | 264 | 0510 | 3238 | - |519,37 | 5,188
<2um
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1. attéls. Tajas malu frakcijas ar dalinu izméru < 32 p termogramma.

Dalinu izméru sadalijums frakcionétos paraugos analizéts ar lazera granulo-
metrijas metodi. Péc $iem rezultatiem var spriest, ka dzelzs oksida dalinas parauga
ir nanoizméru diapazona, tapéc pastav iespéja krasainas malu izejvielas izmantot
ka pigmentus krasu tehnologija. Veikti eksperimenti krasaina parklajuma iegtisa-
nai no apstradatiem maliem maisijuma ar organisku komponentu — dabigu line]lu.
Parklajuma rentgena staru difrakcijas analize rada, ka parklajuma veidojas orien-
tétas malu mineralu dalinas. Pastav norades, ka kompozita starp malu minerala
virsmu (virsmas ladin$) un organisko komponentu veidojas kimiska saite.
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LATVIJAS MALU ZINATNISKA APVIENTBA

Latvijas Malu zinatniska apvieniba (LMZA) ir organizacija, kura apvieno zi-
natniekus un interesentus Latvija malu un malu mineralu izpétes joma. LMZA di-
binata 2015. gada 22. septembr, un taja apvienojusies jauni un aktivi zinatnieki no
dazadam universitatém (Latvijas Universitate, Rigas Tehniska universitate, Puatjé
Universitate (Francija), Tartu Universitate). Biedribas mérkis ir veicinat malu un
malu mineralu zinatnisko izpéti un pétijumu atpazistamibu gan Latvija, gan arpus
tas, tadél viens no LMZA izvirzitajiem uzdevumiem ir veicinat dazadu zinatnu
nozaru zinatnieku sadarbibu, sekméjot gan intelektuala potenciala, gan veiksmigu
zinatniskas infrastrukttiras izmanto$anu dazadas zinatnu institacijas. LMZA uz-
devumos ietilpst jauno zinatnieku un studentu izglito$ana un piesaistiSana malu
pétniecibai, ka ari sadarbibas veicinasana ar citam malu un malu mineralu izpétes
organizacijam gan Latvija, gan arvalstis.

Ka pirmo uzdevumu LMZA izvirzijusi bezmaksas seminara “Mali un pétiju-
ma metodes” organizé$anu. Seminars norisinasies 2016. gada 1.-2. februari, un ta
uzdevums ir popularizét malu pétijumu nozimibu un starpdisciplinaritati, iepa-
zistinat ar jauniem un aktualiem pétniecibas virzieniem malu pétijumu joma, vei-
cinat malu pétijjumu metozu apguvi studentu un pétnieku starpa, radot zinasanu
tiltu starp dazadam zinatnu nozarém un pétniecibas institcijam, ka ari veicinat
to savstarpéjo sadarbibu.

LMZA nakotnes mérkis ir klat par Eiropas Malu grupu asociacijas (European
Clay Groups Association) un Starptautiskas Malu pétniecibas asociacijas AIPEA
(Association Internationale pour I'Etude des Argiles) biedru.

LMZA aicina iestaties apvieniba jaunus biedrus. Ar biedru uznemsanas karti-
bu un ar sikaku informaciju par Latvijas Malu zinatnisko apvienibu var iepazities
organizacijas majaslapa - latclay.lv vai pie apvienibas valdes priekssédétajas Annas
Trubacas-Boginskas (+371 29827260), vai rakstot uz e-pastu: info@latclay.lv.
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