150

L. Z. Rubinjoni, ef al.: The Effect of “*Co Gamma Irradiation on Coal Fly-Ash ...
Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 2, pp. 150-153

THE EFFECT OF %°Co GAMMA IRRADIATION ON
COAL FLY-ASH GEOPOLYMER PASTE SETTING TIME

by

Luka Z. RUBINJONI Y, Srboljub J. STANKOVIC 2, and Boris B. LONCAR 3

' Innovation Center, Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia
2 Secondary Standard Dosimetry Laboratory, Department of Radiation and Environmental Protection,

Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia
® Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia

Scientific paper
https://doi.org/10.2298/NTRP2002150R

Cementation is the baseline technology for conditioning of low to intermediate level radioac-
tive waste. Geopolymers, a class of alkali activated binders, are a promising new material for
radioactive waste treatment. Coal fly-ash based geopolymers are a low-cost, low greenhouse
gas footprint alternative to metakaolin based materials. Both the grouting of sludge/pow-
ders/liquids and encapsulation of solids/compacted waste rely on the grout maintaining opti-
mal flow (rheological properties) during the mixing and pouring operations, and achieving a
set leading to proper long term solidification (mechanical properties). The initial and final
setting time for fly-ash geopolymer paste, based on the SRPS EN 196-3 standard, has been
measured upon irradiation by gamma rays in a 9°Co reference field positioned with a kerma
air rate of 3.42 mGys-!. The binder paste was prepared using fly-ash from the TENT B power
plant's electrostatic filters without further sieving, activated by water glass with module 1.5
and mixed with distilled water until a satisfactory flow was obtained, and poured into the
sample and control molds. The initial and final setting times for the irradiated sample and
non-irradiated control were determined by the Vicat apparatus. The irradiated sample dem-
onstrated an 11 % shorter initial setting time, and 16 % shorter final setting time, compared

to the control.
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INTRODUCTION

Inorganic binders have numerous applications in
radioactive waste management, ranging from use as
construction or shielding materials, to the solidifying
of non-solid waste [1]. Materials based on a Portland
cement binder (mortars, grouts and concretes) are es-
sential in modern construction work. National and in-
ternational standards, knowledge and experience from
construction and civil engineering, and commercial
availability of Portland cement have made it the mate-
rial of choice for radioactive waste conditioning, with
cementation being the baseline technology for condi-
tioning of low level and intermediate level waste [2,
3]. Several challenges have been identified in such ap-
plications, such as the long term (a timescale of hun-
dreds of years) stability of Portland cement materials
due to the complex chemical reactions among the
components of the material matrix, and interaction be-
tween environmental factors and the material. Several
alternatives to Portland cement based materials have

* Corresponding author; e-mail: rubinjoni@tmf.bg.ac.rs

been considered, studied and used in practice, with
varying results [4]. Geopolymers are a promising class
of materials that exceed Portland cement in terms of
compressive strength, fire resistance and retention of
radionuclides upon leaching [5, 6]. Geopolymers are
made by mixing fine aluminosilicate powder with an
alkali activator solution. Upon activation (most fre-
quently by sodium hydroxide or sodium silicate),
aluminosilicates partially dissolve, forming an alka-
line aluminosilicate hydrate gel (N-A-S-H) that solidi-
fies by cross-linking into an amorphous solid with
some zeolite crystallization [7]. The reference base
material in geopolymer synthesis is metakaolin, but a
wide array of powders, including industrial byprod-
ucts and wastes, can be used for production of materi-
als with desirable properties [8]. There is a growing in-
terest in the use of fly-ash from coal burning
thermoelectric power plants in geopolymer applica-
tions [9]. Several studies have investigated the behav-
ior of geopolymer materials under ionizing radiation,
and indicated satisfactory properties for the immobili-
zation of low to intermediate level radioactive waste
[10, 11]. A special challenge in radioactive waste con-
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ditioning is the radiolysis of water leading to the re-
lease of hydrogen gas[12, 13]. One of the benefits of a
geopolymer as the conditioning matrix is that, upon
curing, the pore water can be removed by thermal
treatment [5].

Both the grouting of sludge/powders/liquids and
encapsulation of solids/compacted waste rely on the
grout maintaining optimal flow (rheological proper-
ties) during the mixing and pouring operations, and
achieving a set leading to proper long term solidifica-
tion (mechanical properties). The binder setting time
is the measurement of time needed for the phase
change of binder paste [ 14]. The initial setting time in-
dicates the beginning of the solidification of the gel,
and the final setting time marks the end of the
workability period of the binder, with the paste com-
pletely losing its plasticity. To the authors' knowledge,
the experiments on geopolymer irradiation reported in
the literature have been performed after setting, during
the curing or aging phase — the materials have already
solidified before irradiation. In the experiments and
practical applications of radionuclide cementation,
mechanical properties have been tested after the set
and cure —the effect of radiation on the setting time has
not been reported. In this study, we explored the effect
of gamma irradiation on the initial and final setting
time of the fly-ash geopolymer paste.

MATERIALS AND METHODS

Fly-ash from the TENT B thermoelectric coal
plant (Obrenovac, Serbia) was activated with water
glass (Si0,/Na,O = 1.5). Unfractionated fly-ash was
used. The chemical composition and loss on ignition of
the fly-ash used was reported by Komljenovi¢ et al., the
data are presented in tab. 1 [15]. The binder paste was
mixed by a manually operated power drill with a mixing
attachment. Deionized water was incrementally added
until satisfactory consistency of the binder was ob-
tained. In total, 900 g of ash, 541 g of water glass, and
400 ml of water was used.

The paste was transferred to cylindrical plastic
molds with glass bottoms, in accordance with the
SRPS EN 196-3 standard[14]. Both the test and con-
trol sample were cast from the same batch of the
binder. The samples were covered with plastic bags to
prevent evaporation of water; then placed in transpar-
ent, thin walled plastic containers, in order to mini-
mize the risk of ecological contamination of the irradi-
ation room. The molds were oiled using synthetic
motor oil for ease of separation after setting. The con-
trol sample was left to set in the work space shielded
from the radiation, outside the irradiation room. The
test sample was manually positioned in the irradiation
area, and irradiated by lifting the source from the con-
tainment remotely, after clearing the room. The tem-

perature of both the work and the irradiation area was
in the 20 £ 2 °C range during the experiment.

The sample was irradiated in the ©°Co reference
field — IRPIK B device at the Secondary Standard Do-
simetry Laboratory (SSDL), Vinca Institute of Nu-
clear Sciences. The sample was positioned in the field,
and exposed to a kerma air rate of 12.32 Gyh™'. The
exposure times and absorbed dose in air are presented
in tab. 2.

The Vicat apparatus was used to determine the
initial and final setting time of the samples, by testing
the set at regular intervals. The piston and needle
weighed 300 g. For the initial set, a stainless steel nee-
dle with 1 mm diameter was used, and a penetration of
less than 6 mm was used as the criteria for the set. After
the initial set, the glass bottoms of the molds were
slid off, and the molds with the paste were placed bot-
tom up on the glass for determination of the final set.
For the final set, a 1 mm diameter needle with a lim-
iter/indicator disc was used, and penetration of less
than 1 mm was used as the criteria for the set.

RESULTS AND DISCUSSION

The observed initial setting times were 3 hours
25 minute for the irradiated sample, and 3 hours 50
minute for the control sample. The observed final set-
ting times were 4 hours 5 minute for the irradiated
sample, and 4 hours 50 minute for the control sample.
The comparison is given in fig. 1.

The irradiated sample had an 11.5 % shorter ini-
tial setting time, and 16.8 % shorter final setting time,
compared to the control sample. The time from the ini-
tial to final set was 40 for the irradiated sample, and 60
for the control sample, indicating a 40 % faster setting
for the irradiated sample.

Table 1. Chemical composition and loss on ignition, as a
mass percentage of the fly-ash, as reported in [15]

LOI at
1000 °C
TENTB | 54.26|24.90 | 6.50 16.34]1.89|2.51] 2.06

Sample ID:| SiO; | ALO; | Fe;03 | CaO |[MgO |SO®

Table 2. Irradiation times and reference values for the
absorbed dose in air at the position where the experimental
sample was placed during irradiation

Irradiaton Irriifélon l(elrrrlrclzlezr:ilre I(letll(‘)ltI;g Referred to the
sequence | ;oo the irradiation | absorbed dose in
1D At [h] time interval, air, Dairgor [GY]
A1<a\ir [GY]
1 0.5 6.16 6.15
2 0.5 6.16 12.30
3 0.5 6.16 18.44
4 0.25 3.08 21.52
5 0.25 3.08 24.59
6 0.25 3.08 27.66
7 0.25 3.08 30.02
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Figure 1. Initial and final setting times

During setting, some separation of water was ob-
served at the contact of the plastic mold and glass bot-
tom, and a small amount of unburnt coal particulates
was observed on the surface of the paste, indicating
excess water in the mixture. Since the binder was satu-
rated with water during the setting, water loss through
radiolysis did not lead to any observable exsiccation.

CONCLUSION

Irradiation by gamma rays of ®®Co accelerates
the set of the fly-ash geopolymer binder paste. Expo-
sure to a kerma air rate 12.32 Gyh! and absorbed dose
in air of 30 Gy did not lead to flash setting, nor delayed
setting. The observed effect is not detrimental to the
potential practical application of the fly-ash
geopolymer in radioactive waste conditioning. Fur-
ther research is needed to explore the functional rela-
tion of the irradiation field and dose characteristics
and geopolymer setting times. These insights into the
effects of gamma ionizing radiation on the kinetics of
chemical reactions in alkali activated binders shall aid
in the optimization of geopolymer formulations and
preparation procedures for specific applications in ra-
dioactive waste management and radiation protection.
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Jdyka 3. PYBUIOHU, Cp6omyd J. CTAHKOBUR, bopuc b. JOHYAP

E®EKAT %0Co TAMA O3PAYMBAIbA HA BPEME BE3UBAIbA
ITEOITIOJIMMEPA - ITACTE EJEKTPO®OUITEPCKOT IIEIIEJA YI/bA

LlemeHTHpame je OCHOBHA TEXHOJIOTH]ja 32 KOHIUIMOHNPAkHE PATHMOAKTUBHOT OTIIaga HECKE JI0
Cpelilbe aKTUBHOCTU. [‘eomonmMmepu, Kiiaca ajKallHO aKTHBUPAHHUX Be3WBa, CY IEPCHCKTHBHU HOBU
MaTepHjalu 3a TPeTMaH pafinOaKTHBHOT oTHaja. ['eomonmMepn Ha 6a3u eNeKTPOMUITEPCKOT Nemnesia
yIJba Cy EKOHOMCKH TIOBOJbHA AJITEPHATHBA MaTepHjajnMa Ha 6a3u METaKaoJIMHA, M JOBOJIE /10 YKYITHO
Mame eMUCHje racoBa crakieHe Oaiure. M nemenTupame MyibeBa/pallkacTux MaTepujana/TedHOCTH, U
EHKAICyJIallfja YBPCTOT MU KOMIIAKTHPAHOT OTIajia Ce 3aCHUBAjy Ha TOME J1a BE3UBO 3a/JP3KU ONTHMAITHY
TEYWHHUBOCT (PEOJIOIIKE OCOOMHE) TOKOM Olepalyja Melllatba U U3JMBama, 1 1a OCTBapH Be3nBame Koje he
BOJIMTH IO TOOPOT yropodHOTr ouBpihaBama (MexaHnmuke ocobmue). Ha ocHoBy cranmapma SRPS EN
196-3, nanmjamHO ¥ (PMHATTHO BpeMe Be3WBamba 3a IMacTy eoroImMepa off elIeKTPOHUITEPCKOT NeTena
MEPEHO je HAKOH 03paurBam-a raMa 3pauMa y pepepeHTHoM 1osby *'Co, Ha mo3uiuju ca KepMOM y Basfayxy
on 3.42 mGys™!. Be3usHa macra je mpunpemibeHa ynorpe6om menena u3 Tepmoenekrpane TEHT B,
CaKyIJLEHOT Cca eNEKTPOCTAaTHUKNX (pmiTepa 06e3 malber mpocejaBama, aKTHBAPaHA BOJACHUM CTAKIOM
Mopnyia 1.5, Memmana y3 fofaTak [ecTIJIOBaHE BOJE [0 IOCTH3ama 3a0BOJbaBajyhe TeuwbmBOCTH, U
pasiuBeHa y KalyIe 3a 03paunBame U KOHTpouy. MHuujanno u puHAIHO BpeMe Be3uBamba 3a 03pavucHu
y30paK U HeO3paveHy KOHTPOJy yTBpheHu ¢y ynorpebom Bukat anmaparta. O3padyeHu y30pak je mokasao
11 % xpahe mHHMIIHjaTHO BpeMe Be3uBama, U 16 % kpahe ¢puHaTHO BpeMe Be3mBama, y nopehemy ca
KOHTPOJIOM.

Kmwyue peuu: zeotionumep, epeme 8e3usarba, 2ama o3paqusarbe, 6a30m aKitiu8UpaHo 6e3us0




