




























































 

  
Figure 3: Absorbance vs Wavelength Graph  
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ÇĂĽ▄ś و.: Comparison of Li values obtained after Matrix matching and Standard addition 
calibration routines of HR-CS-AAS 
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Abstract
Hydroprocessing is a secondary refining process wherein heavier feedstocks are treated to 

produce superior quality fuels. Conventionally, hydroprocessing is carried out in three-phase reactors, 
known as Trickle Bed Reactors (TBRs). These TBRs have several disadvantages such as high pressure drop, 
catalyst inhibition, feed vaporization, hot spot formations leading to shutdown of the reactor. Corporate 

R&D Centre of Bharat Petroleum Corporation Limited (CRDC, BPCL) has developed a novel reactor 
technology, named as Cross Flow Reactor (CFR) to overcome the above-mentioned disadvantages of the 

TBRs [1]. The CRDC has installed a demo-scale CFR unit having a catalyst capacity of 3 tons. To understand 
the liquid phase flow behaviour, optimize CFR design and process scale up, a series residence time 

99mdistribution (RTD) measurements were carried out using Tc as radiotracer.

Graphical Abstract of the RTD study using Radiotracer 

The results of the first phase investigation indicated, non-uniform liquid distribution at inlet of 
the liquid distributor and as well as at four catalyst cages of the CFR; and a weeping fraction of 25-30 % 
was observed. Based on the results, the design of the liquid distributor of the CFR was modified and a 

second and third phase radiotracer experiments were repeated in the modified CFR. The results indicated 
that no major flow abnormalities were present in the modified CFR. The weeping fraction of liquid was 

reduced significantly after design modification. A flow model (plug flow component in series with tank in 
series dead volume exchange model) was developed to quantify the degree of mixing of the liquid phase 
in the CFR. The results will also be useful for validation of numerical models and process scale up of the 

CFR

99mKeywords: Cross Flow reactor, Hydroprocessing, Radiotracer, Tc, Residence time distribution scale-up, 
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Abstract
Due to easy weldability, cost effective and shock resistant properties, carbon steel (CS) is a material of 
preference in pipelines in a number of industries [1]. However, the corrosion of carbon steel is a major 
problem in these industries. Thin layer activation analysis (TLA) is a well-established nuclear technique used 
for wear, corrosion and erosion monitoring of industrial components [2]. The use of different types of 
inhibitors is a prudent approach for corrosion control of various metals and alloys. In the present study the 
corrosion inhibition of carbon steel (CS) has been studied by using hexamethylene tetramine (HMTA) as an 
organic inhibitor. Carbon steel coupons of size 0.02 m × 0.02 m × 0.002 m each and a set of stacked foils of iron 
were irradiated with proton beam at BARC-TIFR Pelletron accelerator facility at Mumbai. CS coupons and pure 
iron stacked foils were irradiated with 13 MeV proton beam having beam current 200 nA for 4 hours. Iron (Fe) 

56being the major element in the composition of CS, the radioisotope Co is formed in irradiated CS coupon 
56 56surface through nuclear reaction Fe(p,n) Co. The cross section and threshold energy of this nuclear reaction 

are 392 mb at 13 MeV and 5.44 MeV, respectively. The product isotope has half-life 77.3 days and gamma 
energies 847 KeV (100 %) and 1238 KeV(67 %). The gamma spectra of the irradiated CS samples measured 
with a NaI(Tl) based spectrometer are shown in Fig 1. The radioactivity produced in these samples were 

3estimated to be 190 – 300 kBq. The corrosion of CS was measured in 1 mol dm  aqueous HCl solution under 
ambient condition and HMTA in the concentration range 0-1000 ppm was used as inhibitor (Fig 2). The 
corrosion rate was minimum for 500 ppm HMTA with an inhibition efficiency 89.8 %. HMTA has electron 
donating nitrogen atoms, which can contribute to formation of covalent bond on CS, threby protecting Cs 
from corrosion. 

Keywords: Thin layer activation, corrosion, inhibitor, carbon steel, cobalt-6
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Abstract
Heavy water (D O) is used as a moderator and primary heat transfer medium (coolant) in pressurised 2

heavy water reactors (PHWR). Two most commonly used and commercially viable processes for 
production of D O are the water-hydrogen sulphide exchange and the ammonia-hydrogen exchange 2

processes. The heavy water produced by these two processes is usually enriched up to 10-30% and further 
enrichment to the reactor grade (99.85%) is carried in vacuum distillation columns [1]. A fourteen stages 
vacuum distillation column was not performing as per design specifications and thus being operated at 
lower efficiency. In order to identify the flow malfunction(s) and investigate flow behaviour of liquid phase 
in the distillation column, it was decided to carryout radiotracer investigation in the distillation column 

82using Br as radiotracer [2].

Graphical Abstract of the radiotracer study 

The results of the study indicated significant flow misdistribution in some of the sections of the column. To 
quantify the degree of mixing of the liquid phase in the column axial dispersion model was used. The values of 
model simulated Peclet Number (Pe) observed in the distillation columns are in the range of 3 to 20, which 
indicates that in some of the column section significant amount of back mixing/ mal-distribution of liquid 
phase is taking place. The back-mixing of liquid phase has adverse effect on distillation. Based on the results of 
the studies, packing of the few sections was changed to increase the production efficiency of the distillation 
column. 

82Keywords: Heavy Water, Radiotracer, Br, Axial Dispersion, Flow malfunction, Distillation
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ABSTRACT:  
Power Transformers (PT) are used in electric power generation, transmission and 
distribution systems to step up and step down voltage. Mineral insulating oils are used as 
insulation, cooling and diagnostic liquid in power transformers. They play a crucial role in 
the long term operation of transformers [1]. These mineral insulating oils deteriorate due 
to the oxidation process and also due to constant thermal and electrical stress [2]. The 
performance of mineral insulating oils depends on their stability towards the oxidation 
process. The formation of oxidised products is one of the major effects of deterioration of 
the oil. During the oxidation, there is a change in the properties of insulating oils which 
affects the overall performance of the insulation system leading to the failure of 
transformers.  The oxidation stability of mineral insulating oil is extended by the use of 
Ditertiary Butyl Para Cresol (DBPC) as antioxidants at appropriate quantities. As per the 
product specification of IS: 335/IEC 60296, up to 0.4% of antioxidants are allowed to be 
inhibited [3-5].  Every newly manufactured batch of transformer oil needs to be tested in 
the laboratory. Therefore, inhibited oils are oxidised for a duration 500 hours according to 
IEC 61125-2018 (IS 12422: 2023). Thereafter the conditioned oil is analysed for changes in 
Dissipation Factor, Acidity and sludge content to assess the quality of the oil.   In this work, 
an attempt has been made to analyse the remnant antioxidant content in the oil after 
oxidation conditioning by using Fourier Transform Infrared Spectroscopy (FT-IR) to analyse 
the deterioration of the oil [7].  FT-IR identifies that antioxidants are not fully consumed 
after oxidation duration of 500 hours.   Further, by FT-IR increase of acid content of oxidised 
oil is compared.  
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Heat Treated Uranium Peroxide (HTUP), Sodium Di-Uranate (SDU) and Uranium Ore 
Concentrate (UOC) are the different raw materials used for production of natural uranium 
oxide (UO ) pellets as fuel for all PHWRs operating in India at Nuclear Fuel Complex (NFC).  2

The production process involves several steps like dissolution of raw materials in acid, 
solvent extraction, calcinations, reduction, sintering followed by fabrication processes. 
Uranyl Nitrate Pure Solution (UNPS) is produced after the dissolution of raw material in 
HNO  followed by solvent extraction and Ammonium Di-Uranate (ADU) is generated by 3

precipitation of uranium from UNPS using vapour ammonia. Measurement of uranium 
content in ADU samples is necessary in order to do material accounting. Davies & Gray 
method [1] is used for this purpose, which requires usage of variety of chemicals and also 
generates significant volume of analytical waste. Moreover, sample throughput is also low. 
Further, analysis of moisture and nitrate content in ADU samples is essential in order to 
monitor powder properties. Analysis of moisture content is carried out gravimetrically by 

 0measuring weight loss at 110 C. For analysis of nitrate sample is dissolved in sulphuric acid 
media and analysis is carried out using redox titrimetry in which excess ferrous is back 
titrated using standard potassium dichromate. Being an industrial lab, quick analytical 
feedback is an essential requirement for continuous operation of production plants. In 
order to have un-interrupted operation of plants, it becomes necessary to develop a 
method which is simple and has high sample through put. Further, generation of analytical 
waste should be minimum. Therefore, efforts were made to exploit self-absorption of 
uranyl ion in the visible region for determination of uranium in ADU samples. Hence, effect 
of sulphuric acid concentration was studied on uranium determination so that the same 
solution can be used for uranium estimation in addition to nitrate in order to have high 
sample through put. Further, efforts were also made to quantify nitrate from uranium and 
moisture content using a derived mathematical equation relating uranium, moisture and 
nitrate content. The derived equation is given below.

Where, % H O is moisture percentage in sample; % U is uranium percentage in sample;2 sample 

% NO =  3 { 100 - %H O 2 - } × 62  
80

%U  sample

%U ADU/100 pure
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% U  is Uranium percentage in pure ADU (i.e moisture & nitrate free ADU)pure ADU

This has resulted in removal of usage of chemicals required for Davies & Gray method for 
uranium and redox titrimetry for nitrate.  The results obtained for uranium and nitrate were 
compared with that of conventional method which are found to be in good agreement. The 
advantages of the developed method are: the uv-visible spectrometric method developed 
in the present work doesn't require any chromophoric agent for quantification of uranium. 
Further modification has resulted in usage of a single aliquot for analysis of nitrate and 
uranium there-by making recycling of analytical waste easier as it contains only uranium.
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Abstract

Indore is facing severe air quality crises due to the rapid development in various sectors.  
Poor air quality can adversely affect the health of the public and needs to be mitigated. The 
goal of the study is to use the WRF-Chem model in the tracer mode to identify source 
contributions of PM  and CO emissions from different regions over Indore, India, to 2.5

quantify local and transboundary sources scale. The model is configured in a two-domain 
with the vertical grid composed of 42 levels extending from the surface around 20 km with 
an enhanced resolution for 2019. The results show that local CO anthropogenic sources and 
sources located outside the considered model domain, i.e., transported across the domain 
boundaries, are the most contributing sources to CO concentrations in Indore. However, on 
some specific days, CO anthropogenic sources located outside Indore could be as 
significant as local sources. Biomass burning is the highest contributing source to PM2.5 

during November, December, and April. Indore itself contributed as a high source for PM  2.5

during the entire year within the Indore district boundary. The general spatial distribution 
of simulated CO is fairly similar to MOPITT, with similar higher values and lower values over 
the domain, but simulated CO values are relatively low because the secondary sources and 
biogenic emissions are not considered during modeling. The model simulations also 
captured the spatial distributions of key meteorological parameters over the domain 
compared to different datasets like IMERG, MOPITT, and ERA5.




