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The use of Portland cement in building structures for liquid radioactive waste immobilization does not prevent migration of
the radioactivity through the walls of reinforced concrete constructions. Thus, the creation of new binding materials and
development of up-to-date methods require constant effort. The sorption capacity of slag cement can be increased by adding
a certain amount of finely dispersed sorbents. In alkaline medium, these sorbents (clay and zeolite) would also acquire bind-
ing properties that depend on the type of the sorbent. It was experimentally found that slag geopolymer concrete containing
zeolite of size fraction of <140 pum is characterized by the highest compressive strength limit (22 MPa). To cementation of
LRW, slag and zeolite is added to make a compound. In the experiments, the concentration of salts in the LRW composi-
tion simulator was about 800 g/dm?. High salt concentration dramatically reduces the strength of the compounds, first of all,
due to the presence of a significant number of sodium tetraborate crystals (sodium nitrate) that have the size over 3.5
mm.The crystal size can be reduced by introduction of 55—60 °C disperse zeolite into the simulator. When cooling, much
smaller crystals are formed in the zeolite-simulator mixture than in the pure simulator. Then at about 40 °C, slag is admixed
to the mixture. The LRW simulator conditioning carried out according to the above scheme proved applicability of slag
cement with zeolite admixture for LRW immobilization. It allowed to produce the compound with the setting time of 110
minutes and the compressive strength limit of 8—10 MPa. Zeolite and slag acquired binding properties due to the alkaline
environment formed by NaOH and KOH that are components of the LRW simulator.
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Introduction. An important step towards improving the
state of the environment is the reliable conditioning
and storage of liquid radioactive waste (LRW) of nucle-
ar power plants. At present, it is admitted that the con-
ditioning of LRW by their incorporation into the mine-
ral matrix (cementation), despite the increase in volu-
me, is a fairly common method due to the performing
of simple operations [12, 6]. Cementation of LRW
makes it possible to obtain compounds that meet the
requirements of the normative document [4]. The
parameters related to time are leaching rate and com-
pressive strength limit after long period (90 days) of
samples being in water. There is some uncertainty as to
the changes that can occur in the compounds over
time, which is comparable to half-life of radionuclides.

Observations show that the use of portland
cement for the disposal of LRW does not provide certa-
inty in the reliability of their localization for a long
period of time [10]. At the enterprise «Radon» the per-
colation of active water through the walls of reinforced
concrete structures was recorded [11]. This induces to
search new approaches to the conditioning of LRW
without the use of portland cement. In addition its pro-
duction significantly contaminates the atmosphere
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with carbon dioxide [5] that cannot be ignored in glo-
bal warming.

On the other hand, in recent decades conside-
rable attention has been paid to portland slag cement
and slag alkali cement, in which the powdered slag of
rapid cooling in an alkaline medium acquires the pro-
perties of the binding agent. Due to quality certificates,
which indicate the chemical composition, granulomet-
ric characteristics and impurities, blast furnace slag of
metallurgical combines can be used as a chemical
reagent with certain properties that can be taken into
account when it is applied. Practically slag increases the
compressive strength limit and reduces the leaching
rate of radionuclides [7]. Regarding the sorption pro-
perties of ground slag, this question was not widely con-
sidered, and therefore, when cementing LRW it is rea-
sonably to introduce into slag geomaterials — sorbents
in a dispersion form, the effect of which on the proper-
ties of slag compounds still to be studied. This is due to
the fact that in the alkaline environment, as was inve-
stigated by Glukhovsky and his colleagues [1, 2], mine-
ral sorbents, and above all clays and zeolites, are trans-
formed into binder and can be used to obtain the cor-
responding compounds. Concerning geocements,
there is an opinion that they are much less leaching [8]
and exhibit more durability than portland cement. In
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addition, geoconcretes increase their durability over
time and can be made on water containing salt (sea
water) and used both independently and as a coating for
portland cement surfaces.

Since LRW contains a significant amount of
alkalis, they (alkali) can be used in the manufacture of
slag alkali geocement binders in new materials for the
conditioning of LRW.

The purpose of the work was to study the possibi-
lity of conditioning of LRW by obtaining slag alkali
geocement compounds using efficient geomaterials and
alkalis present in the LRW simulator.

Experimental part. For the sampling the slag of
the Mariupol Metallurgical Combine was used, which
had the following properties.

Chemical composition: SiO, — 36,53; Al,O; —
7,92; Fe,05 — 0,24; MnO — 0,1; CaO — 42,94; MgO —
9,47; S — 0,54; (Na,0 + K,0) — 1,29; TiO, — 0,47.

Qualitative characteristics:

Mass fraction of moisture — 0,1 %:;

The residue on the sieve is 0,08—1,25 %;

Specific surface area is 288 m?/kg.

Bentonite, glauconite, kaolinite, saponite and
zeolite in a dispersed state with a particle size less (100—
140) um were tested as geomaterials (the composition
of the samples is given in Table 1). For the measure-
ment of the strength of the slag alkali geocement,
beams were made, which included the same amount of
geomaterials and had a size (4 x 4 x 16) cm. The pre-

Table 1. Sample composition for compression resistance limit
testing, %

Reagent SZ-10 | SZ-17 | SZ-18 | SZ-19 | SZ-20
Slag 43,4 | 46,4 | 47,2 | 47,5 | 46,8
Bentonite 21,7 - - - -
Zeolite - 23,2 - - -
Glauconite — — 23,6 - -
Kaolin - - - 23,8 —
Saponite — — — — 23,4
NaOH + KOH 3,0 3,2 3,3 3.4 3,2
Water 31,8 | 27,1 | 25,6 | 25,4 | 26,5

Note: dash a substance was not used.

pared beams were placed in the atmosphere of satura-
ted water vapor for 7 days, later they were withdrawn
and dried during (5—10) days in the room at a tempera-
ture (14—18) °C.

The compressive strength limit was determined
by described method [9]. During the experiments it
was established that the presence in the slag alkali geo-
concrete of one or another sorbent significantly influ-
ences such a parameter as the compressive strength
limit (Fig. 1).

It can be seen from the figure that slag alkali
geoconcrete has the greatest strength in the case when
zeolite is used as a geomaterial in a fraction of <140
microns. Taking into account that, further experiments
were carried out with Sokirnitsky zeolite, the main cha-
racteristics of which are given below.

The simulator of the vat residue, which was
mixed with slag and zeolite, approached the LRW
composition of Zaporizhzhya NPP. Additionally, the
surfactant “SHCHYT” was introduced into the simula-
tor and a stable cesium nitrate was added in the amount
necessary to exceed the measurement error by a two-
beam atomic absorption spectrophotometer (AA §500F
“Jarrel-H”). The simulator of the vat residue had the
following composition (Table 4).

The study of the behavior of the simulator sho-
wed that after mixing all the components (salts) with
water, the temperature of the mixture rises to (55—
60) °C. At this temperature, all the salts that are part of
the simulator are in a dissolved state. Gradual decrease
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Fig. 1. Compression resistance limit of slag-alkaline reinfor-
ced concrete

Table 2. Chemical composition of zeolite (Sokyrianskyi zeolite plant’s certificate)

Elements Si0y | AlpO3 | Fep03 | NiOy CaO MgO P>05 K50 + NayO F Cu
Content, % 71,5 13,1 0,9 0,2 2,1 1,1 0,0 5,0 0,0 0,0
Table 3. Physical characteristics of zeolite
Physic.al. Density, Specific surface Porosity, % Ion—?xchange Th.e.rmal Qontent of the
characteristics kg/dm? area, m?/kg capacity, mEq/g stability, °C | main substance, %
Value 2,37 50—65 44 1,50 700 70
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Table 4. The salt composition of the simulator of the vat residue, % wt

Note: dash the are not date.

of the temperature of the mixture occurs to about
27 °C, after which it is observed increase to 38 °C. In
the mixture, crystals of sodium metaborate begin to
form (Table 5).

With further cooling to a temperature of (16—
18) °C, the part of crystals grows to a size of more than
4 mm; in the mixture, the amount of alkalis and water
decreases; the mixture crystallizes and the introduction
into such bulk a binder becomes much more complica-
ted, the starting time of the setting of compounds shor-
tens, their compressive strength limit decreases.

If at the imitation temperature of 60 °C, disper-
se zeolite in a fraction <140 microns in the ratio to slag
(imitation) as 1 : 10 is added, then the cooling process
changes. The mixture is cooled to 41 °C, and then, if
there are centers of crystallization — particles of zeoli-
te — a large number of small crystals are formed in the
mixture and its temperature increases to 44 °C.

Further the temperature gradually decreases, the
small crystals slightly increase to sizes much smaller
than in the case without zeolite (Fig. 2). The tempera-
ture range during cooling of the simulator and in the
presence of zeolite is shown in Fig. 3.

These results were taken into account when
obtaining a compound containing an simulator with

Elements  [NapyB4O7 x5H,0| NaNOj NaCl KOH NaOH Fe,03 | NH4OH | CsNOj3 |Surfactant
Content 60,1 13,1 0,5 3,4 21,7 0,5 0,2 0,1 0,4
Table 5. Interpretation of X-ray photographs
of salts deposited from the simulator
N32B204 ><8H20
Salt sample (reference data, ASTM 9-11)
No. i i
©- | Intensity of Interplaner Intensity of Interplaner dis-
the x-rayed . the x-rayed
distance tance
peaks peaks
1 14 5,73 10 5,87
2 25 5,41 30 5,30
3 13 479 80 4,72 Fig. 2. Sodium metaborate crystals: ¢ — without zeolite addi-
4 9 4,49 — — tive in the simulator, b — with zeolite additive
5 15 3,74 50 3,73
ThC
6 24 3,47 70 3,46 o
7 100 2,86 100 2,86 50
8 17 2,78 40 2,76 40
9 28 2,65 90 2,67 an
10 56 2,33 40 2,34 207
1 18 2,26 30 2,26 18 |
2] 9 1,89 40 1,88 0 50 100 180 200 , minute
13 1 1,84 20 1,84 Fig. 3. Temperature pattern during the simulator (/) cooling

and with zeolite (2) additiv

alkaline properties, a slag that became astringent in
alkaline medium, and a zeolite that functioned not only
as a sorbent of radionuclides, but also was the initiator
of crystallization at higher temperature.

Composition of the compound, %:
Simulator Salt — 23,8

Slag — 47,6
Zeolite — 4,8
Water — 23,8.

The initial temperature of the simulator was
58 °C, at 50 °C zeolite was added into the simulator,
while cooling to 40 °C — slag. If the slag is mixed in at
a high temperature, then the setting period is signifi-
cantly reduced. Obtained according to the given sche-
me, the compound started to set after 110 minutes, and
finished after 210 minutes. Measuring the compressive
strength limit gave the result: 10 MPa and 8 MPa,
which is almost twice the normalized value of this para-
meter [4]. The study of leaching rate of stable Cs sho-
wed that the average values of leaching rate reached the
normative parameter of 10-3 g/(cm?day) at 85 days
from the beginning of the experiment, while at an inter-
val estimation in the interval (21—28) day, the leaching
rate was 1,4 g / (cm? day), which almost corresponds to
the normalized parameter.
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The conducted research is the first approach to
solving the issue of conditioning of LRW by incorpora-
ting them into slag alkali geocement matrices which
resistance to irradiation, as well as frost resistance and
water resistance, is yet to be thoroughly investigated.
This is especially true for the study of changes in nor-
malized parameters over a long period of time.

Conclusions.

It has been established that in the conditioning
of simulator of boron liquid radioactive waste (LRW)
slag alkali geocements can be used, in which together
with slag as a geomaterial-sorbent and carrier of cry-
stallization centers zeolite is used in a fraction of <140
microns, and alkaline medium for slag gaining of
astringent properties is obtained in compound due to
the use of alkali in the LRW simulator.

2. When the LRW is conditioned in accordance
with given scheme, there is a gradual decrease in tem-
perature with a few degrees fluctuations. This, together
with a long period before the setting start, may allow
the cementing of LRW directly in containers for the
storage of solid radioactive waste.

3. Experiments on the preparation of slag alkali
geocements showed that the compressive strength limit
of samples in which zeolite powder was used as a geo-
material in a fraction of <140 microns significantly
exceeded this parameter obtained using powdered kao-
linite, bentonite, saponite and glauconite.

4. When obtaining compounds, it is reasonable
to introduce zeolite into the LRW simulator separately
from slag to the beginning of spontaneous crystalliza-
tion of metaborate.
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[eounit y ckaazi 38’ A3y104HX 1)1l KOHAUIIOHYBAHHS PiIKUX PANiOAKTHBHUX BiIXOMIB

V BUMaAKy 3aCTOCYBaHHSI MOPTIAHALEMEHTY y OyIiBebHUX KOHCTPYKLISIX IS iMMOOLTi3aLii pinkux panioakTUBHUX BiIXOiB
(PPB) yepes nesikuii yac criocTepira€Thesl MPOHUKHEHHSI aKTUBHOCTI Kpi3b CTiIHKHU 3a/1i3006TOHMX KOHCTPYKIIiii, i TOMY TIOIIIYK
HOBUX 3B’SI3yBaJIbHUX MaTepialiB Ta METO/IB iX 3aCTOCYBaHHSI MPMBEPTAE TOCTilHY yBary. YCTaHOBIICHO, 1110 Y JIY)KHUX YMOBaX
MeJIeHUI TOMEHHUI 11aK HaOyBae B’sI3KOcTi. beToH i3 3acTocyBaHHSAM IIJIaKy Ma€ BUCOKY MIlHICTh Ta HU3bKY IIBUIKICTh
BuuyroByBaHHsI. CopOliiiiHi BIAaCTUBOCTI HIJIAKOMY:KHHMX LIEMEHTIB Y HOCTinax Oyau MiIBUIIEHI IIISIXOM TOAaBaHHS J0 HUX
BUCOKOJIMCIIEPCHUX COPOCHTIB. ¥ JIy>KHOMY CepeIOBUILL TaKi COPOSHTH (IJIMHU Ta LICOJIiT) HaOyBaJIu 3B’ 13yBaJIbHUX BIACTUBOC-
Teii. EkcriepriMeHTaIbHO BCTAHOBJIEHO, 1110 HAMBHUIITY MEXY MIITHOCTI 10 cTcKaHHs (22 MITa) MatoTh IIJTaKOJTy:KHi Te00eTOHH,
y CKIIafi SIKUX € 1eomT y dpakuii <140 mMxm. g uementyBanHsa PPB (konuentpauist coneit ~800 r/am’) moemnHyBamd 3i
LITAaKOM i LIEOJITOM, YHACHIIOK 4OTO YTBOPIOBaBCS KOMMayHA. MilIHICTh KOMIayHAIB 3a TaKoro BMICTy cojieil pi3ko
3MEHIITyBaIach, 30KpeMa 4epe3 HasiBHICTh KpUCTAJIiB MeTabopaTy HaTpito po3MipoM MoHaa 4 MM. 3MEHIIMTH PO3Mip KPUCTaJIiB
BIAJIOCS 3aBIsIKK BHECEHHIO B iMiTaT IMCIEPCHOrO LIeOiTy 3a TemmepaTypu (55—60) °C, a 3a remneparypu ~40 °C 1o cymiri
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JIoIaBa/Iy 1IaK i mepeMilyBaau. BukoHaHe 3a 1i€lo cxeMolo LieMeHTyBaHHs iMitaty PPB nano 3Mory otpumaru koMrayHa 3
rnoyatkoM TyxkapieHHs1 110 xB, Mexeto MiliHOCTi Ha ctrckK (8—10) MIla i 3a10BiIbHOIO IIBUAKICTIO BUITYTOBYBAHHSI.

Karouosi crosa: pafioakTMBHI BiIXOOH, LIEOJIT, IIIAKOMYXXKHi LIEMEHTH, LIEMEHTYBaHHS, pajialliliHa CTilKiCTb, IIBUIKICTb
BWJIYTOBYBAaHHSI, MEXaHiyHa MillHiCTb.

Po3ko A.H.
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Ieoaut B cocTaBe BSKYIIMX ISl KOAUIMOHUPOBAHMS KUIKUX PAAMOAKTHBHBIX 0TXO0B

B ciiyuae npuMeHeHMs MOPTIaHALEMEHTA B CTPOMTETbHBIX KOHCTPYKLIMSAX 7SI UMMOOMIM3ALIAY KUAKUX PATUOAKTUBHBIX
orxonoB (PPB) yepe3 HekoTopoe BpeMsi HaG0IaeTCsl MPOHUKAHNE aKTMBHOCTU CKBO3b CTEHKM KeJe3006TOHHBIX KOH-
CTPYKIIHii, TO3TOMY MOUCK HOBBIX BSKYIIMX MAaTEPUATIOB U METOIOB MX MPUMEHEHHUST OCTAETCH aKTyallbHbIM. M3BecTHO,
YTO B LIEJIOYHOM Cpefie U3METbUCHHBIN TOMEHHBII IIJIaK IPHOOpETaeT BSKYLIME CBOMCTBA. BeTOH Mpu MCMoNb30BaHUI
1LIJTAKA UMEET BBICOKYIO MIPOYHOCTh M HU3KYIO CKOPOCTh BhillienayrBaHusl. COpOLIMOHHBIE CBOMCTBA ILEJTOUHBIX LIEMEHTOB
B OMbITaX OBbUTH MOBBIILIEHBI TyTeM T00ABJICHUS K HUM BBICOKOMMCIIEPCHBIX COPOEHTOB. B 1ienouHoM cpene 3Th copOeH-
THI (TJIMHBI U LEOJIUT) MPUOOPETAIOT BSKYIINE CBOMCTBA. DKCMEPUMEHTAIBHO YCTAHOBJIEHO, YTO HAWBBICIIUN TIpEae
MPOYHOCTH Ha cxatue (22 MIla) UMEIOT LITAKOLIENIOYHbIe TeOOETOHbI, B COCTAaB KOTOPBIX BXOOUT LEOIUT (pakinuu
<140 mxm. 11 uementupoBanust PPB (konuenrpaius coseitr ~800 r/aM®) cCoeaMHSIM CO IIUIAKOM U LIEOJMTOM, BCJIEI-
CTBUE 3TOTO MONyYaiu KoMmmayH. [IpouHOCTh KOMIayHIa ¢ TAKMM COIePKaHMEM COJIed Pe3Ko yMeHblIanach, U3-3a MpK-
CYTCTBMSI KPUCTAJIIOB MeTabopata HaTpusi pazMepoM Oojiee 4 MM. YMEHBIIUTh pa3Mep KPUCTAIIOB YAAIOCH TPU MOMOIIT
BHECEHUS B IMUTAT AUCIIEPCHOrO LicoauTa rmpu temreparype (55—60) °C, a npu temneparype ~40 °C K cMecy 100aBIsLIM
LJTaK M TepeMelivBaii. BbIMOMTHEHHOE IO 3TOM cXeMe LeMeHTUpoBaHue uMuTaTa PPB nano BO3MOXHOCTb MOJTyYUTh
KOMITayH] C HA4aJIoOMOM cxBaThiBaHus 110 MUH, TpefesoM MpoyHocTH Ha cxkatue 8—10 MIla u ynoBieTBopUTeIbHOMN
CKOPOCTbIO BbIILIEJIaYNBAHUSI.

Knrouegble cro6a: painoakKTMBHBIE OTXOIbI, LIEOJUT, LIJTAKOLIETOYHbIE IEMEHTHI, IIEMEHTUPOBAHUE, CKOPOCTH BbILIEIAUK-
BaHMsI, MEXaHUYECKast IPOYHOCTb.

Hagpiitiina 13.03.2019.
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