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Synthesis and Investigating the Wear Property of
Lubricants Based Nano-Silica and Carbon Hollow Sphere
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Abstract: Lubricants play an essential role in lubricating moving surfaces while removing
excess heat and reducing system wear and contamination. However, suitable additives
need to be added to the lubricants to improve their performance. The nanotechnology
approach has recently led to many experimental studies on nanoparticles' application as
lubricant additives (also known as nanolubricant).

In this paper, two different types of particles were synthesized. Nanosilica and hollow
carbon particles were synthesized with particle sizes below 30 and 200 nm, respectively.
Also, the silica nanoparticles were coated with carbon. A four-ball test measured the wear
performance of particles. The pin on disk method evaluated the nano lubricants coefficient
of friction resulting from the addition of nanoparticles. The results showed that the optimal
concentration for the synthesized particles is 0.1% by weight, so that at this concentration,
they had the best wear performance. The wear width in the base lubricant (Behran Turbine
32) was 845 microns. In comparison, it reached 647 and 587 microns in the nanolubricants
obtained by adding hollow carbon and carbon-coated nanosilica, respectively (equivalent
to a reduction of 25 and 30 percent).

The results of thermal conductivity also revealed that the synthesized particles increased
this coefficient, and the performance of hollow carbon particles was better than silica
nanoparticles. By increasing the lubricant's temperature, the nano lubricant's thermal
conductivity will be 10% higher than that of the base lubricant. In addition, all the
lubricant's physical properties were evaluated before and after the addition of
nanoparticles, and it was found that the nanoparticles do not cause significant changes in
the base lubricant's physical properties.

Keywords: nanolubricant, nano silica, carbon hollow sphere particle, wear, coefficient of
friction.
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JAREREHS
SpV st
NO/YY | F/AYY | V/2YQ |/ NAY | Y/AVY | /ZAN | /NEN | AV | oY L Y/FOR | /A | o/
AR
N ARY A VN VAT N VAT N VA T IV TN EVPRE 5 VI TV IRV IR
Y/ laae
S
YE/EO | V/OYZ | Y/F20 | o/YAY | /YA | /0O | o/YPA | /FFO | /YA | Y/OAR | oo X | oY
AR
£ ) O/NZ | YENNE | V/EFY | /0% | Y/00 | Y/ ¥ | «/VAY | Y/EVO | «/AYZ | Q/2VD | /208 | +/+ A
TRy
Na,0+K,0=3/257 Na,0/K,0=0/316 Al,03+Si0,=74/304 SiOy/Al,03=2/078
P o leds Jgod s3amST 3BT 9 o3kl 590 S -F Jgs>
do0 g S el | SiO2 | Al2O3 | Fe203 | TiO2 | CaO | MgO | Na2O | K2O | SOs | LOI | MnO | P20Os
JARSS A N8 YIYA | ZIEFF | YOAVY | </YFE | YIAYA | <A | DNAN | YN | <[«XA | FIPAY | +[YE | </
1Y laae codsi | 1/106 | 0/303 | 0/092 | 0/009 | 0/143 | 0/051 | 0/024 | 0/048 | 0/004 | 0/216 | 0/002 | 0/000
1Y sbels JIL | 9/694 | 5/740 | 1/658 | 0/186 | 0/114 | 0/132 | 0/174 | 0/556 | 0/034 | 1/656 | 0/010 | 0/002
IYY oM JASIL | 11/35 | 5/914 | 1/890 | 0/308 | 0/242 | 0/042 | 0/211 | 0/350 | 0/022 | 1/641 | 0/015 | 0/002
INFesals JSIE | 9/546 | 3/018 | 1/822 | 0/154 | 0/088 | 0/016 | 0/104 | 0/117 | 0/032 | 1/082 | 0/005 | 0/003
oSt JS g50e | 51/98 | 21/41 | 7/634 | 0/901 | 4/415 | 1/149 | 0/702 | 2/230 | 0/140 | 9/206 | 0/056 | 0/009
Na,0+K,0 =2/932 Na,0/K,0 =0/315 Al;03+S10,=73/40 SiO2/Al,03=2/427
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Fooled Jgo b (s3umS| 3JUT 9 o5litwl 390 sSS -0 Jgs>

5 S ol
SiO2 | AlOs | Fe:0s | TiO2 | CaO | MgO | Na2O | K:O | SOz | LOI | MnO | P20Os
M)é
Slewals
- @b 22/425 | 3/978 | 0/273 | 0/048 | 0/627 | 0/447 | 0/996 | 0/468 | 0/030 | 0/657 | 0/003 | 0/001
Slewals
'/\”. L 21/771 | 3/969 | 1/146 | 0/102 | 0/600 | 0/267 | 0/096 | 0/954 | 0/057 | 0/978 | 0/006 | 0/001
ARSPIEIE
N3 GLSJL
) 6/283 | 1/801 | 0/641 | 0/029 | 0/144 | 0/068 | 0/051 | 0/292 | 0/022 | 0/633 | 0/023 | 0/001
Zmo L_,;ISJL,
v 13/194 | 3/336 | 1/096 | 0/136 | 0/268 | 0/260 | 0/194 | 0/428 | 0/050 | 0/964 | 0/024 | 0/001
Spv ‘;SJL,
” 5/072 | 1/611 | 0/543 | 0/061 | 0/957 | 0/227 | 0/047 | 0/290 | 0/012 | 1/153 | 0/006 | 0/000
J5 Egemme
R | 68/745 | 14/695 | 3/699 | 0/376 | 2/596 | 1/269 | 1/384 | 2/432 | 0/171 | 4/385 | 0/062 | 0/003
Na,O+K,0 =3/816 Na,O/K,0 =0/569 Al,03+Si0,=83/440 SiO,/Al,03=4/678
B o led Jgo b (§3umS| 3JUT 9 o5litwl 3,90 sSS -5 Jgs>
5 S ol
SiOz A|203 F€203 Ti02 CaOo MgO Na,O K,0 SOs LOI MnO P205
M)d
. 12/903 | 6/720 | 2/148 | 0/350 | 0/275 | 0/048 | 0/240 | 0/398 | 0/025 | 1/865 | 0/018 | 0/003
" 6/283 | 1/801 | 0/641 | 0/029 | 0/144 | 0/068 | 0/051 | 0/292 | 0/022 | 0/633 | 0/023 | 0/001
S
o 11/932 | 3/772 | 2/278 | 0/192 | 0/110 | 0/020 | 0/130 | 0/146 | 0/040 | 1/352 | 0/006 | 0/004
Slewads
” ‘wu 7/475 | 1/326 | 0/091 | 0/016 | 0/209 | 0/149 | 0/332 | 0/156 | 0/010 | 0/219 | 0/001 | 0/000
Spv L,>.lSJl;
-, 17/752 | 5/639 | 1/901 | 0/214 | 3/350 | 0/795 | 0/165 | 1/015 | 0/042 | 4/036 | 0/021 | 0/001
J5 ggezme
R | 56/345 | 19/258 | 7/058 | 0/801 | 4/088 | 1/079 | 0/918 | 2/007 | 0/139 | 8/105 | 0/069 | 0/009
Na,O+K,0 =2/924 Na,O/K>0 =0/457 Al,03+Si0,=75/602 Si0./AlL,03=2/926
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iy lef ‘_SUMJ.\.I 30 K20 g Na20O ‘;’9@ Comnd ).y‘l.'i gy

N5 5 lods Jgo 9 (s3amST 3BT 9 o3kl 390 LS -V Jga>

S ol
’ : SiO: | Al:Os | Fex0s | TiO2 | CaO | MgO | Na:O | K:0 | SOs | LOI | MnO | P.Os
D)

Olewald

. | 2771 31969 | 1/146 | 0/102 | 0/600 | 0/267 | 0/096 | 0/954 | 0/057 | 0/978 | 0/006 | 0/001
DR A L

Slewals
¢l | 221425 | 3/978 | 0/273 | 0/048 | 0/627 | 0/447 | 0/996 | 0/468 | 0/030 | 0/657 | 0/003 | 0/001
N3 s

N 6/283 | 1/801 | 0/641 | 0/029 | 0/144 | 0/068 | 0/051 | 0/292 | 0/022 | 0/633 | 0/023 | 0/001
18058

137300 5/082 | 1/387 | 0/474 | 0/062 | 0/097 | 0/138 | 0/166 | 0/116 | 0/008 | 0/456 | 0/010 | 0/000
AL

¢ozmo | 13/194 | 3/336 | 1/096 | 0/136 | 0/268 | 0/260 | 0/194 | 0/428 | 0/0S0 | 0/964 | 0/024 | 0/001
:/“y: 1/341 | 0/285 | 0/046 | 0/009 | 0/058 | 0/026 | 0/028 | 0/024 | 0/021 | 0/154 | 0/002 | 0/000
.l)j

5 9oz

g | 70/097 | 14/756 | 3/677 | 0/385 | 1/794 | 1/207 | 1/532 | 2/282 | 0/188 | 3/842 | 0/068 | 0/003

Na,0+K,0 =3/814 Na,O/K,0 =0/671 Al,03+Si0,=84/853 Si0./Al,03=4/750
Yoo lod Jgod (s3amST BT 9 o3kl 590 S -A Jgs>
g Sl | .
SiO2 | AlOs | Fe:03 | TiO2 | CaO | MgO | Na:O | K20 | SO3 | LOI | MnO | P20s

M)é

Slewals
¢l | 221425 | 3/978 | 0/273 | 0/048 | 0/627 | 0/447 | 0/996 | 0/468 | 0/030 | 0/657 | 0/003 | 0/001
Slewals

. | 24771 | 3969 | 1/146 | 0/102 | 0/600 | 0/267 | 0/096 | 0/954 | 0/057 | 0/978 | 0/006 | 0/001
. .k_‘ﬁu

:/“9: 1/341 | 0/285 | 0/046 | 0/009 | 0/058 | 0/026 | 0/028 | 0/024 | 0/021 | 0/154 | 0/002 | 0/000
.05

SSL

cusals | 10/739 | 3/395 | 2/050 | 0/173 | 0/099 | 0/018 | 0/117 | 0/131 | 0/036 | 1/217 | 0/005 | 0/004
TAA

AL

¢ozmo | 13/194 | 3/336 | 1/096 | 0/136 | 0/268 | 0/260 | 0/194 | 0/428 | 0/0S0 | 0/964 | 0/024 | 0/00L
5 egomee

o g | B9/470 | 14/963 | 4/612 | 0/468 | 1/652 | 1/018 | 1/431 | 2/006 | 0/194 | 3/970 | /040 | 0/006

Na,O+K,0 =3/437 Na,O/K,0 =0/714 Al,03+Si0,=84/433

SiOz/A|203:4/643
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S o6
7 sio, | ALOs | Fe0s | TiOz | CaO | MgO | Na:O | K.0 | SO: | LOI | MnO | P,Os
M)é
Slewadd
\‘f/@ 5 29/900 | 5/304 | 0/364 | 0/064 | 0/836 | 0/596 | 1/328 | 0/624 | 0/040 | 0/876 | 0/004 | 0/001
SIS
obels | 12/118 | 7/175 | 2/073 | 0/233 | 0/143 | 0/165 | 0/218 | 0/695 | 0/043 | 2/070 | 0/013 | 0/003
Yoy
/Igfi éj(l)s 12/706 | 3/468 | 1/186 | 0/154 | 0/242 | 0/346 | 0/416 | 0/290 | 0/020 | 1/140 | 0/026 | 0/001
;ﬁ“ 1/106 | 0/303 | 0/092 | 0/009 | 0/143 | 0/051 | 0/024 | 0/048 | 0/004 | 0/216 | 0/002 | 0/000
ARV
N3 st
N 8/168 | 2/341 | 0/833 | 0/038 | 0/187 | 0/088 | 0/066 | 0/380 | 0/029 | 0/823 | 0/030 | 0/001
IS ggee
e 63/998 | 18/592 | 4/548 | 0/497 | 1/551 | 1/246 | 2/052 | 2/036 | 0/135 | 5/125 | 0/074 | 0/005
Na,O+K,0 =4/089 Na,O/K,0 =1/008 Al,05+Si0,=82/589 SiO./AlL,03=3/442
D E o lois Jgod (S3umST 3JUT 5 3kl 5 90 S -1+ Jgs>
9 S b . .
SiO; A|203 Fe, O3 | TiO, CaO MgO Na,O K>0O SOs3 LOI MnO P>,Os
M)c.)
SIS
csals | 20/830 | 9/430 | 5/695 | 0/480 | 0/275 | 0/050 | 0/325 | 0/365 | 0/100 | 3/380 | 0/015 | 0/010
o,
L ogsls
Yl ;f”; 8‘0 12/706 | 3/468 | 1/186 | 0/154 | 0/242 | 0/346 | 0/416 | 0/290 | 0/020 | 1/140 | 0/026 | 0/001
Slewals
_/Y.'Mb 5 14/950 | 2/652 | 0/182 | 0/032 | 0/418 | 0/298 | 0/664 | 0/312 | 0/020 | 0/438 | 0/002 | 0/000
ol ISIL
N 5/161 | 2/688 | 0/859 | 0/140 | 0/110 | 0/019 | 0/096 | 0/159 | 0/010 | 0/746 | 0/007 | 0/001
J5 ggeme
e 62/647 | 18/238 | 7/922 | 0/806 | 1/045 | 0/713 | 1/501 | 1/126 | 0/150 | 5/704 | 0/050 | 0/012
Na,O+K,0 =2/627 Na,O/K>0 =1/333 Al,03+Si0,=80/855 Si0,/Al,03=3/435
Y e ol P ol Ve o093
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TG 1% DTA AmW/mg)
Peak: 447.5°C Peak: 617.4°C T oo
— N o
1000 { /_+\ 020
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\ >4 \ \\\
\  |__MassChange:-1.61% v \ N
09.0 / \ £ +o1s
/ \
/
98.0 r 010
Peak: 69.1°C s
/s
\
97.0 - / 005
\ T
Peak: 139.0 °C S
~ Mass Change: -2.71 %
960 - / k [ 0
f
\ [
\ |
\ |
95.0 - \ [ -0.05
94.0 [ -0.10
S, \
93.0 4 1) [ 015
200 400 800 1000 1200
Temperature I'C
27-01-2018 1049
Instrument: NETZSCH STA 409 PCIPG [Sample: A1203, 243,000 mg Mode/Type of Meas.- DSC-TG/ Sample + Correction
File: Joavaran Reference: AI203,172.000 mg Segments: "
Project: temp Material: Au Crucile: DSCITG pan AI203
identity: 1 Correction File: cal sta 1400-10-15-10-90 bsv Atmosphere: AIRIS0 / AIR/S0
Date/Time: 2017/05/02 09:17:01 B.U Temp.Cal /Sens. Files: TemCal-02-1390.tsv / SenCal-02-1390.esv TG Corr.M.Range: 020/30000 mg
Laboratory: maybod Azad uni Range: 20/10.00(Kmin)11202 DSC Corr.MRange: 020/5000 pV/
Operator emami Sample Car/TC: DSC(TG) HIGH RG 2/ S Remark:
o : . -
1137°C slos 43 1 F Jgad (TG)-DTA lsgei - » JSub
TG 1% . . DTA {mWimg)
Mass Change: -0.73 % Peak: 851.8°C Palc 40870 Peak: 801.2°C Texo
100 - Peak: 471.0°C s
\ to3s
P
P .
-~ Peak: 923.8°C 355
1 Mass Change: -1.80 %
/ t 025
y
%6 -
| / % f 020
oid / Wy
/ \\ Fois
Peak: 73.1°C D4 \
Vi \
ko10
92+ 4
Peak: 149.9°C
\ Mass Change: -1.09 %
t 005
%0 -
Fo
200 400 600 800 1000 1200
Temperature 'C
Administrator _27-01-2018 10:58
Instrument: NETZSCH STA 400 PCIPG [Sample: Al1203, 229,000 mg ModelType of Meas.: DSC-TG Sample + Correction
File: Reference: A1203,172.000 mg Segments: n
Project: temp Material: Au Crucible: DSCITG pan AI203
Identty: 1 Correction File: cal sta 1400-10-15-10-90.bsv Atmosphere: AIRIS0 | AIRISO
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Instrument: NETZSCH DiL 40P Sample: AL203, 46.660 mm Sample Holder Table: AiZoZnesd
File: ANSARINIA-14 PARLAG .. Materid AL203 Sample Holder Matenat A203
Project temp Atmosphere: —IAIR | —/AIR Calibration Fie: COR-523-1-8-85.03
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Laboratory: Maybod Azad Uni 17 Cor/MRange: 0205000 pm
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Instrument NETZSCH DiL 402EP Sample: AL203, £7.820 mm Sample Holder Table: Al2o3nesd
Fle: ANSARINIA-17 NCAVARA. .. Maeerial- AL203 Sample Holder Mateniat ARO3
Project temp Atmosphere: —IAIR I —IAIR Calioraton File: COR-538-1-8-05d3
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Iranian Journal of

Ceramic Science & Engineering
Vol. 10, No. 2, 2021

Investigation of the Effect of Molar Ratio of Na,O and
K:0 on Floor Tile Bodies

Fatemeh Mirjalili, Hamid reza Abedini, Fatemeh Ansarniya
Department of Material Engineering, Maybod Branch, Islamic Azad University, Maybod, Iran
*Fm.mirjalili@gmail.com

Abstract: In this study, the molar ratio of Na,O/K,O on the body of the floor tile was
investigated. First, 26 samples with different formulas and different percentages of Na,O
and K,O were prepared and sintered at three temperatures of 1186°C, 1137°C, 1100°C.

It was observed that, with increasing Na,O/K>O ratio, water absorption was decreased
which was due to the filling of pores created by the molten phase and the sintering strength
and shrinkage percentage were increased. XRD results showed that the samples contain of
quartz, silica, albite, anorthite, hematite phases and a small amount of mullite. The results
of STA also showed that with increasing Na,O/K,O ratio, the softening point led to lower
temperatures, which was due to the higher melting of Na,O than K,O.

The results of dilatometry also showed that, with increasing the temperature, the
coefficient of thermal expansion was decreased. Because with increasing the temperature
which was caused to more melt phase due to the dissolving of silica and caused to decrease
of the coefficient of thermal expansion.

Keywords: Na,O/K,O ratio, curing strength, microstructure.
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Recycling of Silver Nanoparticles from Scarp Electronic
Components by Chemical Reduction
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Abstract: In the present project, the use of scarp electronic components in the synthesis of
silver nanoparticles was investigated. For this purpose, crystalline oscillators were used as
a consumable piece to synthesize these particles. The results showed that by optimizing the
time and temperature of dissolution process with nitric acid solution up to 90% silver can
be separated from these components. The temperature of 60°C and the time of one hour
were determined as the optimum conditions of this section. Then, the synthesis of silver
nanoparticles was investigated using silver nitrate solution. The results showed that the
initial silver nitrate concentration had a significant effect on the final product quality, so
that at 1 mollar concentration, the best conditions were provided for the synthesis of silver
nanoparticles with suitable properties. Phase’s evaluation illustrated that the main phase of
the synthesized silver particles had an FCC structure and no unwanted phase was observed.
UV analysis of the synthesized powder showed that the core peak of the silver
nanoparticles appeared in the wavelength range of 400 to 450 nm. The DLS results showed
that the concentration of 1 mollar was the optimum concentration of silver nitrate in the
present study. The AFM and TEM observation show that the silver particles synthesized
with a particle size less that 20 nanometer, spherical morphology and uniform particle size
distribution.

Keywords: Recycling, scarp electronic components, Nano Silver particle, chemical
reduction.
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Abstract: The objective of this paper is to produce Rice husk ash based Geopolymer
concrete brick without Portland cement. Pollution of the cement industry produces 8% of
the world's greenhouse gases and pollutants. Today, the replacement of aluminosilicate
pozzolans, known as supplementary cementitious materials (SCMs), play a significant role
in reducing the production and use of Portland cement. In this research, samples of
geopolymer concrete with 350 kg/m? and 400 kg/m? of rice husk ash, Alkali activator
solution consisting of 10 and 16 M sodium hydroxide in combination with sodium silicate
solution, fine aggregates and additives were produced and cured at 60 and 90°C. In all 8
mixing designs, water to RHA ratio is 0,42 and alkaline solution to RHA ratio is 0,45.
Finally, the specimens were tested for compressive strength according to the Iranian
national standard 1608-3 at the ages of 3, 7 and 28 days and according to the Iranian
national standard 14733 in 28 days for water absorption.

The results showed that with increasing the amount of RHA and molarity of Alkali
activator solution, the workability of concrete decreases and the adhesion and viscosity of
concrete increases. The highest Compressive Strength of 100mm Cube after 28 days was
29.2 MPa and it is related to the specimens with 400 kg/m® of RHA and 16 M Alkali
solution, which was Heat cured at 90°C. By reducing the amount of RHA to 350 kg/m? and
preserving other components, the compressive strength decreased by 42% to 16.8 MPa,
which indicates the significant effect of these parameters on the mechanical properties of
the produced concrete.

The lowest percentage of water absorption was 3,46 % and related to the specimens with
400 kg/m® of RHA and 16 M alkaline solution. By reducing the RHA content to 350 kg/m?
and preserving other components, the percentage of water absorption increased to 5,23 %.
Keywords: Geopolymer concrete, Rice husk ash, Pozzolans, Concrete Facing Brick.

63



LA (54 2

»

1. OL.A.A&A{U & Gb)u ) e $d9°>

Golao Collug ) (Sl § 9 w1 (5 Lol ST 39 Ao
FP-LAPW g 31 o0liwt b 31 99 40 Sr2NiWOs

o (ol dllio g4

Sl Hlow (5 Yl a0 ansly & (Sdlo dlllaos

ol lenl lsal lian ds oKl cpole 01K Sy 38 09,5

salehi_h@scu.ac.ir*

WS> :lio SN

olslo 56 90 )0 SINIWOe ciclido colfug,y Sl g (oS o gpliSlo (clo, Siag dlio 4l jo
(S04 Cey 9 Ce 5 glgol gy i1 oolizw] b Cluwlbro . Cusl 41,5 J1u6 dxlllao 350 (12So o JlgSTh
ol 2ol Sl s GOA gy aslizal b o ol sl g 5 JolS ol b s
S ol dhax I 47 5 00 oS5 (o)lS o ol s ] o kil plos/WiEN2K oo 4571
VA s ojliil o (SIS 5 35 55 (o)l LSl iy Cso] 0id deswlmo 5] Giiio 5 o> oo
I3 Ly 5 o i il sl il g S VS 5 515 1 st by 33y
ol U s s olhai 45 cto] Cawd 0 WY ol o cuSicy po Suinpn. 3,1 lsdpn o] (S

ARSI PR

Voo p5 Wi dy
A+ aino 5 5¥ i
1SS 43 (wpiawd 4D
WWW.ijcse.ir

b 2 S (3
YRYY-YYOY t gl LS
b sy

(Sig I LS

YYAY=Y. .Y

R

Sl LSl

20.1001.1.23222352.1400.10.2.8.5 :DOR «s

@y SSexd slaShy il s 4 ol
05— el 65,8 slool wlidysl 43 (ool slacwlis
@95 Jote slaggsl Sl ey BB ol 5 o3l o
ColSugy sladesST 0,8 o sl Collwg y Hldle )

donio —

S Se (g 0dle i I dm ColSug HlS L pU
A 5, 5pL CaTiOs  lew b Jgo,8 L 0lis

41


http://www.ijcse.ir/

Syl po (owidigeo 9 ple

ColSugp bl dado (Bgw Sy Jsho 298Ul (lgie 4
ATy st o ublis ol gl Gislas glo
S 3w ilos 5155 publiseg 9ol Hlsle b lag]
goae Yo dgd s ditwd yuibslinesg s LS 5 cpl 5l oS
u_:‘ L: Cawl 005 UJL»L..» C)L.;S/u L))‘ 2 u.w.‘ol.um9).9
B' 4B ciliso K0 93 b cacliae slacoKwgy o s
s LT dluor (S5l (n (uabolineg 3 ol
Ol pueblise (68 Lt b S 5 Ve (pionen 8
SIS EGHA TN I P WP PRV g PGV O
Y]

ColS gy Hlw L dewly lils slasws! gaslllas
8 asdllas 550 VAV: (a2 Lo wlgl U VR (gamd
2 OS5 ol miblits slo Sy > & Ul s 8
A g5 3y5—0 0)lugd VAR (gaad 3ol o LI Lo
85 )18 ol Samg

YA Jlw jo edlgls ol (59 (o0 Sldllas (ydgl
spae SINIWOs [¥] i plool o)) Sem o 5,8 bawgs
2 aS cowl cacliae glacoKugy Sy godlgls |l
S 5l S o gl publineg B3l laggle A
Sy aS Gl 0ad asuieg cuwl 18,138 gl YL
Yoo ) YU slales > SrMgWOs 5 SI2NiWOs sl
=Syl L 4 JUgSs jlis o 51 (31,5 olw (g4
Jlw S5 ool (oSe 56 [F] a0 S o
Jlw o [Y] s ool gy o)l g &l5 lawgs Yo+ 0

70

1 ¥ Ol Y ool 1. 2,93

Ko g0 OluSy sy ABO3 slewds Jgo)8 b
Al blize o (S958Ul gyl Sacwogas &
JUsI By B Giliseo (15515 93 bawg B Ko 81 .55
ABBOs olarss Joop Ly cieline colSagyy 39
Js—eb by cislias clacolwsy w9b oo St
15 1lgi o (3L polic &S Atun ABB'Op oliasd
ColSgy slaylislay [V] 15,5 L5 B' 4B l5e
e (B' 5 B) abaly &l 5 (A) LI oile caclis
AMg—o a9 oSy o Ly (ilisee sl b, 4 il
i Bl ol g 5l ¢ b lisog 90l «purboline )8
S5l S 5 ol S bl g5 4 drgily gl
Baos sl clacyugy, slb Sis -Cusl sinlin
LS 5 ol V]l oo cows 4 B 9 B 86 bawgs
ot pigdllasl g gyie (Sujd el b
L ad jascide aidlS glaand Job jo i oYU
o3l 3 55 L B 9518 d (slagyg sl ol s
SLacallwgy (ueblisn 5 3L (olss b ossls

I¥] &S oo i AsBB'Og iclisa
Loudd d’l; ABB'Og caclas L;Lh&g&%ﬁ )'I d.)b.xl’
oo o3lisl S S0l Slao plis 4 LS 5 oyl oS
245 3 SLe Slack Siss 55 Jta e & tigd
YU SOl el gl caelize slacolSwgy
S5 BB L (oblwymes Sl 5 iz o Al



e B bde Syl g (St 9 (P98 g Ud L S (Fi1g (5 amwlxe

s plout gy —Y
5 (DFT) JLss (b5 ga,bijl odlat ol b lslors
ool el Ly (ad (500 Cos €5 glgel g,
Wien2k sl sl 455 osli_l L 5 (FP-LAPW)
13 RKimax=Y ol Ko yzolyLy el 045 plssl 1+ ]
» el slapst gojlulelly sl ous aid )5 )l
sl K las bl slss g 058 o S lawlxe
Pl b o by Jol gadhtey 5,5 ISl
oo jl Cudsl slog iUl gilulir gl ad b5l
Sy —F 03 g Cad )b sl Sl g b 5
gl g S La (g il g el 0 485 jlas 5
L =l O W NI S yole (ol bl 505
o2 b 48,5 Lai > a9 ST VY gV/Ae /A Y/F
b Sy ofeee) (2hRen Gl e b iz
53 ol Cawd ki 390 o], Sen 45> VO 5l w650
sl JUS155 5L (gl aSid el jhde Slwlre (i
A=Y/ S 5L (ol 9 C=VAAY g a=h=0/5Y
Somg Jds 4 oS 5 ol 53 sl o odliil pg Sl
(895 LSy 392 5 5 T o 5Sle (sl g sl
e e oy bagd Loy S pl G (A58 6950
Sador b g D98 008 Gnogi (295 4 (GGA) aidly
Sygmo ool & Ghey ool Glol sonl) T ble (Sl
S S o el 09)5 25 93 41 1) bag Sl &S o
oSt 4 F o d ou Sl (sl (9,380 095 15

*Density Functional Theory
°Full Potential Linear Augmented plane wave
"Hubbard

J)—J_w L)::’9) & |) SroCoWOs 9 SroNiIWOg cacliss
93 2 U9y (=l 5l oolitel b Bl 3850 9 X53) oy
b olbgueblise (ol 9 6ysh Jlidlo 5 s |y <S5
Cad & OS5 ol gl |y o slod oyl ST )
Foo sl (murblito )5l (1l 1 oM ol
L ol L ys 45 3,50 s & Y/AY 1, SENIWOg
gy pioe (¢ odumd i aS cul YIAY NiZ* yl
052 O 0RS Ty 3l dslae oy 55 (publize
JLwyd iz o [A] 39500 plsl WL CO 5 Ni sl
)‘ oala l_’u‘)l_ﬁo.tbsruHY'\Y 9Y’\'
ol 6 sla)iS Yl (gled 15 ol oS i
)'lé Jln.u‘ g&: 9 ey SroNiWOg o )l caclas dba
g0 sled ;o FM3m «, VY /M l) SIaNiWOs (¢l
3T YN JL o [] 5 Ly (oSl st e
Sygo a1y SNIWOs claseiie ¢ 5l ()38l oS
bS5 ol gk SO il g sl 8 (g 3090 (25
Sweliadgeyi g (blide (g)l3lo (ol iz w2 Sl
OF clod > Sy cpl a8 5,5 b o [A] S Ly |y
e (ol 3 S 0 J18) ublizeg Bl jg0 4 (pglS
55 13 SENIWOs (S 5 St 5 LaiogiS) s bl ol
ol ol 1l ot 6 5 i 5 81,5 0

ol 04 Mbu

'S, Z. Tian

'B. Manoun
'C.G.F. Blum

1. oluawl Y soleis Ve o9 PF




Syl po (owidigeo 9 ple

2 alolw (650l an ons it (o)L sl el

9 G Sl (o oo Oied a3 )] 55l
Ol d p el (SiS  )LiS pl 5 dlge Cunglia
O EnipS Cuols g S ok adl Fite casS
(Bo) (o> Joie 01915 (K) s deS1)5 ol S
Sleslaiwl Loyl uSe gsalaly job 5w b g o]
) gy (ol (aSd ol old dle gl eyl
5 o> Jodo pinpd Gl 0l duslre GGA+U
Slapze ) dblu gaulre by oo Jodo ide
gl poe =655l lagome b5l e 9 ilie
il slapom o bgje (55l samlie b ilor
SS 4 g lolid | Sl olily plgi oo w21y Jol
Sy gl s d |y dinn o liB Lo (claadlie
TS Uge saddlanjl odlatul b poes e 1 (555

[N ] 98 00 dpmsloe pj 90

v V)T -B
B'-1

EV)=E+ BBV, {

(V)
Las )3 by el (6551 E cadgl Jobo o Vo o] 2 o8
ao o) ol 5o B g ez Jgdo B o JLid
Jlesl Ly jody (Bew yois 1 (g)kme ;0L 5 ol jlid
(ol Lt &) oo Jgto (Sianly ;0L g Cunl jltd
3L 93 53 52 i (551 Sl Jloges Bl
Ol (@) o (W)Y UKD o iy 4 (a8 9 JUgST i
S b awbre | ol pls .cwl oad oold
20l ey Jlasl b o it 5 oo Syt o Jols

55w oacal s 4 gl odygl V Jgas > (U=6)

¥ Francis Dominic Murnaghan

44

1 ¥ Ol Y ool 1. 2,93

Jie Ggiels G 3 5l gl gl FF L d-d s
S o byt (sl il 1503 09,5 205 9 29500 3l
5 Jie (610355 il 5 o3liel L 48 Atz P
A5 GBSl e bgy ol )3 NS e inog i)

u:.. 15 9 (e | u:.. 15 J—“l'; (°"\"")§’l>) ‘°J"‘3)L"“':‘“"

d g Lol Al prend s oy 4 (Cuol Jlio)
Sy 4 T o d o0l (slayg, i)l o8 90
P sS goan by sla g isll o)Ll (gatox
g oo dmole 4Blprast Cud oy 5l ool
oS 5 sl )bl ey el palde LS ol
L 5l Bl calise palie (gaumlio b g dvwle
B9 o sl ) 09U o o020 lade
Ble oSy as ol ey asg s Obal s le
9 2 5l samalie b (pized 5 sl ubolineg ool
Ml 5L puablineg 8ok g (ublizeg 3 (publise 5B
O ol 0 Gl Sluslowe (gl uablineg 85k
19> 9 Gk g odal Cawd & (slaodly o g o0 )
5yl Ml blisee (Sl (olss L ol 00,8
Sig S —jyalyS @i b oslanal (KK (K55
L1y 69 Gl @b (s prew 45 230 1) oSl
O oSl g el pled )3 (cogmge wiow 4 le
2,5

b —Y
Sl b ol b —\ Y

= 09 (E-V) oo 4 s (659 Olyuss Jlygel

‘Band gap



e B bde Syl g (St 9 (P98 g Ud L S (Fi1g (5 amwlxe

[A] 3l (020 @l b 0g®

Cubic Tetragonal
-195988.52 |~ 97994 28
-195988.58 |- 97994 3] =
= -195988.65 |- . 29799434 |-
& ! 3
gﬁ -195988.71 Eﬂ -97994.37 |-
2 E
0 -195988.78 |- B 979944 |
-195988.85 |- (=] 9799443 = | W
-195988.91 |- A . A . I , A 9799446 =1y by
3000 3200 3400 3600 1500 1600 1700 131{)0 1900
Volume (u.u?'} Volume (a.u”)
22250 () 9 JUgS L5 () pom canmnm o (5531 Ol pais J13905 -1 JSCb
Sr2NIWOs S 5 (s bl sla el )b Sl Jool> 2l -1 Jys=>
bl 36 (A)a syt | (A)caLacut | B(GPa) B' K(Gpa)™
JU;IJ:S o,2Y VAY VYAV ¥4 o OA
(4] o2 Hlde o,7v VAY - _ -
VY] b ylaas 0,23 v Ay R —_ -
P VAY VAY VY ,0A O 2 OA
[V] @ﬁﬁ ‘)‘JJLA V/*' V/*' —_ - -
& A ke — — — - -

Ve LV il il 0 s sl g
L8 95 n ) SENIWOG S 5 (sl ctgy9,S
3 oSl Uy bl 5l onSn 5SSl 5L
ol o LS ¥ oV sl i )5 GGA+U o,
Se omle 9 YU el b 5 JUS155 56 55

sgen oambie X 5 s e (g5 SIS
G5 (w9 YU oyl il 3 So 36 gl

oyles L V¥ /M lad 09,5 «hyl> SraNIWOg g_,uS)J
Fm3m oLad 05,5 ()l (a8 o O] cunl AV (¢
SraNIWOs sl ¥ S5 )3 [V] cwl YYD (5 0jless b
ol Xerysden 3 8ls 5 lhwg (o)lidlo B g o

Cawl 00 03>

1Fe e Oluwl Y ool 1 o095 FA




Suslpr (owitigo 9 ple

ol 4 e SIS ol 5l & ol 2 0gMle (98]l
K Giliseo palia (il & ol ol (6550 b (88 (g e >
oot (9598 JeuS b g ol b ol (&5 led 8>
O/ (o)l 5L8 g o cdyls g5 sliny ol
9=V L5 sl g sbiag ol cly (39501
L8 93 53 (o)l sl (slalagel 4 an g bl ¢y
YU (il JUIS 5 (650 GBS a8 15 odmlie (5,5 Lo

S 095 by

5
YN (28 @l 5 JUsS1 58 ) oS 5 ol 6551
Soho aSe jL3,5 Lol il sal cawd 4 ey 9,55
sodl> a8 s 3,904 g e xS VIVE o550 B
2 &5 BELS calpliy 2515 5925 9)90 (3 (225
il ol ol ol o awnlie wlie luS 5 L 56 )
DY o)l (o0 laosh U o9 @l (g)lg lidle

WS Cwline ol o 55 GBS ol 129y paiano juf

10,0
9.0
8.0 ——
70 e—t—

6.0 =
50 2
4.0 2
30 J=
20 2
1.0 2
0.0 3
-LO
20
-3.0
-4.0
5.0 2
6.0 3
7.0 =
8.0 =
9.0 =
-100

Energy (eV)

10.0
9.0
8.0
7.0 2
6.0 <
5.0 3
4.0 -
3.0 3
2.0 2
1.0 =
0.0 2
10 S/
2.0 3=

-3.0 3
4.0 2
-5.0 =
6.0 F o
-7.0 -
8.0 2
90 <
-100

Energy (eV)

)

b el () 9 YU cpmenl (i) <> 5 JUsS1 5 56 ,3STaNIWOs S )5 (5 )lgs Jlisbn l3gos: -V JS2

74

1. s il Y soilods ) o9




e B bde Syl g (St 9 (P98 g Ud L S (Fi1g (5 amwlxe

Energy (eV)

A raXzZmmM I T

<

e (6550 B Hlade 4y wglite (63,59, b g5 oo
2ol gl 5l Sy g bl o8 lie b 5 cély
2 D]l 5158 oy 3)90 59530 (S9SIl @5 sl
s SENIWOs (S 5 S cslacdls JSs & JSia
0 odld oled (o)l 18 9> 2 0 ol o YU Ml

Caw)

30

20

10

Total Dos(statefeV)
L=

9 6 -3 0 3 6 9 12
Energy(eV)

Energy (eV)

!
02t Ol (©) 9 VL Gl () > 5 (25 B 5 SI2NIWOs cuS )5 (sl Sl loges —1F JSi

bl S —F—F

s Lyl les S )3 S slacdls JLS
2 & ol el 55l ame 503k Koy agyg Sl
s (92415 slooddy 53 0325 4 g8l (slaan] b
Sl & bgye slacdls IS 5l o3lisal L .ol ogn

Total Dos(state/eV)

Energy(eV)

w850 Yzl () 3 JUsST 5 jlis b (all) SENIWOs S 5 IS slacdls JE2 Jlsges -0 JSib

1F e Oliwnl Y soileis Ve sou9> Ve




Syl po (owidigeo 9 ple

223 Sy ol Gale )8y gosims (LS (5l SIS
oS ol e & byl 5wl @kl 56 5
S e g9y 5l Wyl oy Lias (BKE dbul o
9 BGED oy yelate & s ply Sl IS clacdls
S sbed JBs hses wwudsl sla i)l Sisi
WU -V gojls 08 JSCs 9 GOARU oy b o
S (@) 5 () & U o wul 00 03,91 (19,250
5 Vb gl s 3 S @il 0d Jll S sl
d Jl)l iz glacdls JBs (0) F S5 )3 gizpe
i slacdls JLSs (2) 5 S5 139 2S5 o
Ol da g b canl oad 03y LS (5eST @31 P Jli)]
b LS 93 2 3 a3 claclls Js e oS
S L Lagnl o 1 el alin (oaSe 5 JUoST 5
L izt sl 0dd o) (onS0jl8)d (2 (slacdl>
Ol 3)90 a8 3 uabolineg 33 Sk B gw)p 4 42y
Oyl (gliwly )d ol (godudad slag3l Ni2 ¢ NIl o3l

et ol 9 YU
sloml o Lagl (i85 oy 08 515 S5 sla i)
Sl jl (551 B sboml rized 5 el o S
Jd5 a0 S ol lagg iUl s 1508 0 (6 i
0ly Jyime S (oo Jldl 487 Jlil (53508
pelae 00 F S5 dagi b it bl punbolis
5 YL ol el > e )b g ) U6 @il d i)
2 ol Hlas jo bl il (glodas c8lie sl ol
i 0 Jliyl 5 <85l 3alS 0y Gl <l
» oS g o IS8 @l Jo)) il @ a2 b oS

\A

1 ¥ Ol Y ool 1. 2,93

Lacdls (JLSe Jhgeijl lose & il cn Fmtes
S & BG4 do g b canl (6551 BIE 5 8" s
Jlae! U sl g g 2SI YN 88 o5 gl 53 o]
A S B 4 dy ol U=F o)l el
Sl sy @ o) ized ey (278 SIS ke
e 392y pace > bl )3 (y 0 3590 09
J- e d il (ST (B )ble el (020
el gml @l 1) edg 09IV B Y iliseo olia
o ey S 5 i 45 115 oalia 5 oo
e 5 JUgS1yil 53 o 3 oS 5 ol Ll (o
B Jlade 5 2l (ySee Jlade o uslie Xy oo
Jlocl b lsloe 13 55l a 0351 |y i) 3,50 (55,
plosl Lo go,m 1> <l (9 ylIF (S)i a3kl yel)l
Rl Ly gl Sllome 53 o sl S5y p3Y
025 Dy 9 0dd FS )5 655 S )bl pualil e
e S5 ) (§5 1 B (ganmlone <85 )Ll momal
—A 8L o)l B 9> il p bedle JSs iz
S9) 1= o o Canl 04D gy g (9 SNV B
2 ) Gl 00 puoy palas L aS o) )8 e 5
bs by Oml 9 YU fpsel JUB sl ()3 Lo 56 9
oy b S e g ) Lol JIS 5900 (000
U515 56 55 oyl 9 YU sl s 5> () 0 S
S 0559 cdg o, sSI YA slins 4 (5] GG
9 YL gl el 3 (eSe o)l B (o) & S
ol 1y &g oS YV (6 o3lsl & (5] IS5 ol
L8 93, 50 (650 B ouel Cuwd 4 ol wad o

o=l 2l (95 )8l 35290 (2285 @l L eyl Lo



e BELA0 Collwg (Sl 9 (97N (5 o b (S519 (5 Al

5 2l il Jlasl b S w31 d el 590 5
04 sy (S 9 JUsSTH5 jB (sl 3)bls yrall o

L]
09550 g GBA Coydi aliwg 4P 9 S (o3l pt
awbre 3)Lla yiol)b sabug 4 F 9 d (om0l sla
)bl el 4 395 o odnlin VS &) il 95 00
Sl 56 )3 oS 5 cnl oSl S A S5
GGAHU 5 5l oslisl b (Vo +) (gdomino , JUsS],

Cawl 00 03> UL"“’

9 ! :
P! ! UP [NiJ | — total
SoF |yl s
2 3 I
= I
—~ 0
8 L
A -3 |
S I dn o
I PO (T R T N
6 -3 0 3 &6 9 12
Encrgy (cV)
I
~ 6 | UP [O] | — total
2 i —p
)
2 !
= I dn <
o TN N R R
6 -3 0 3 6 9 12
Energy (eV})

ol by Gl S 09y s 5 Y (gl Il
by crgi L cal Jou8 LB S (o0 1) d Sl sl
P S alie 9 0SSO 3 )b s S35 b
e (ke G U5 9 (ST w3 29 (0 oaalie
S5 4 ol 4 do g b i (5] BISKS byl
sehly Jlosl b ad a5 jlas > publise e b
ol ol 48 eaten o gl olals aals )bl
w31 30 Jleyl (b oy tann e 86 5 B0 ol
Sl o=l pmegdhs ol (3T 031 2D L)l b S5
g 550l Bs iuliel ,o o)Ll jielyl id ey STy
o (©) o () VJSs o d Jlanyl o il ol 5B

=

T
= SF : UP  Nil [ — total
CO : 3d
g i :
= 2 - 1
g u' Lw\: 2
2 s b I
el ¥ I Pdn |
i | | | PR
6 3 0 3 6 9 12
Energy (eV)
| !
~ | up — total
A —d
5
= I
g I
@ 0 !
8 I
& s : o
I L 1 | L I 'l | L
6 -3 0 3 6 9 12
Energy (eV)

s W:d () Ni2:d (o) Nil:d (call) cdoos s8I U=6 ,liie (5l 1250 jB 13 252 5 IS s> JEz -5 JSi
O:p ()

1Fe e Oluwl Y ool 1. sou9 VY




Syl po (owidigeo 9 ple

Hiibie tetragonal
6 T =
.l : Ni2 |—d d
> S
s 3 | —d+u 3 —d+u
e | j
‘.?: 0 | h‘r §
W - | 7]
o | o
Q-3 | Q
o, | | < o)
6 e N e | ;
6 3 0 3 6 -6 -3 0 3 6
Energy (eV) Energy (eV)
550 B (©) 9 JUgS 1w 5 () )s S o51d Jbasl o 5L el Giis -V JSb

oS sl gle (Ve +) 4o > F9Sl ol JB (a2 95 Giulod A JSUi

sbe adss )3 (g pSlll (JLSe (amgd plabes
I35 5 o LS 3 o8 alal IS o bl S
tos o 5o 3 o5 Ll il o] 31
adang b ab o pinls slagsl Sloa s z38ly
sl 5 VAV S sl a8 pobis (il (5155 )l
Cwddy VY (59051559 Sl M ol Y/FY 50T
33 g Sl (—aiVgS Agn (codmd s 4S bl e
o515 s sl S L5 35 A S5 L sl
b a5 ) it 550 o] G bl

GM3] sl /20 85 pgpund] ol (55555, ) g5

\AJ

1. s il Y ool |1 TS

o Sl Loy 0 4l 55583550 ol 3o
U yio) 18l oS paie 93 o (95155980 OS] 2>
Ol ST g ol (iWlasS g9 51 5 ey W9 (VY
WSho el (Gom Lam (YIV UVY) Wil S5 M
9 s (989 orim L il (91 0L
09— s goamd L Wl 93 (09 Sl S 8515
Ll Y oml ¥ JSS 0 bl cusBge 4 ax g L
A S5 55 00 oy (goxiio (Sngd luled jd &S D

aS olaes! SNIWOs oS 5 (sly 4o jd il oo



e B bde Syl g (St 9 (P98 g Ud L S (Fi1g (5 amwlxe

ol lil 4 a8 (50 e ;s ol 4 L 40) cas,
5 28k (S5 poda sl 235 o o ) s
o3le > (oo slagygedly sl p3Y by @Bl 5
655 BT o929 dLa] (gl (S by Jg dizn
Lol

S ySlied @b Hlages dgus oo odalie A S 4y a5 b
W.M1M@w%55)h§u)’l§9a/@);
b (5,505 Sr2NIWOs S 55 S yiSllied b >
b @551 ol 2 8l S S (sl gy Sl
P oz g b dde @S (2l (eg-age o
6> &b (i ot 55 g SV (655l (g39000e
o=l edga e 3 4 S Wbl e aneS S gyl S S
el 0 Al @b (] (ogp90 i dlal

(55290 i 95 o0 0dnlio oS wigS lon 5B 93 a >
48 39500 Liey o] & S YIV (650 6 i
a i 45 Col (5500 o5 b o 5 b
Ctgg SIVIV jlam Lol 95 00 (5155 (1953 (sl)l3S
ol ol 48 oo GRIBEN SUSE ©)90 4 (ogn90 mrw
& &)l e sloyliS 1 Jlis 4 &8 sl d Sl
shls ey 09 =SITVY (6555l dm Cpizen a3 oo
5 oS slapgist ol o3l &S cusl pl)] Sy
Dgd 0 ()le 990 slyliS & e 5

S ySUlss b Loogmge e ) odlitl bS] B3
8> @Uess0 phs 4 4295 L sl a8
VIA i plos (e JUSTym 36 )04 S5 53 S sl
5 e B )5 5 (Sl (6551 B (gl cgyg Sl

s A8l VIFA S| U ol ) 508555501
= 2 o A JSS el (S Wgm (sosimd
6ol Sl 0515 (5T g pgrail il o3l 53 (oo 45 ]
L gl P Ngn (salis obj 51,5 pl a8 2> g9
(s (4 ol 93 (59l Kig Sl BT 4y 25
3 St OS] 58S SIS L ol 5l
S5 & g ) |y Sk Sbos Sl sl pgpil il
&5 3 75 w5 ¥ bl plo (e Wgm S 00
ol VoS

Sl olg> —F-Y

oy g0 @il —1—F—F

oMo a yod ol o (sl S Sl 2
oo o 3l ealisal b g .39 00 )5 4 puboline 2
slaap)lf g (oSl (Sl wile (Sl sla Sy
CaS (s 3 (52058 Om |y )l (G5
wadaly L & cunl balisee S isligd b o Sl sl

V0] 29550 oy 25
4ric

E=¢ +

L :81+182

® (v)
Seysllies b osge mrew 9 (s> prew dbaly ol )
&l i 3285 Sy0 (gl b 90 o bl &S
S50 (=H9ol Gyt 5 oSS o pb Wil (S
S iSled ol LSt Sbcals i ot 3] oS s
aess (sl (omobio 3,5 A @b ) e Laies
U o2y 5 b e Sl (Si) ol ple &
e 5 JUgs1ys 3 55 SINIWOs oS 5 S islligo
ol 045 00l L () 9 (d)) A U jd iy

e Olils LT - RRTISTIN 4 §




Syl po (owidigeo 9 ple

Cubic

10
s I
6.'.—
2

30

10
Energy (eV)

15 20 25

(=

35

e(m)

Tetragonal

Ree(wm)

— Im ()

1
10 15 20 25

Energy (eV)
<l

w5850 Sl (0) 5 JUsS 155 sl (ill) SENIWOG S 5 Sy jiSUlss @b Jlages -9 JSb

Wl ) 90 g Sl i yo —Y—F Y
Al ataly & Conl (ove (So 3 el Cnsd o ps
So lp (9ol pd sl (o3l (goSng e Jilite
eabliang Sl 555 da (lje ) (o 3 oole
5l Sl abolineg xSl g5y (31 el o3bo ] Loy
D ol bgels oy o3l S jeme ol S5
by S 3585 0dlo (ygy0 (rwds 95 ST wSep
o dag L S b jlowl oVl (bgels s
25l 9> 5> (hgels s g CunSid o pd oo
ol 0 039 Lanjls 5 S5 (glym L ylages ol als
JUs5155 56 (sl (505 G pd 9 CnSil oo lages
043,555 35 S yslled mb s isw &S wil
Mol Cusid b (9398 0598 51 LRI L
S s bl (6551 SIS ol > (6551 b
asang b gl GG (gogame | da Lol ] Dguore

ey 33,5 o Sl Gl g5 4y g i8I LIS 57

0

¥ oliwl Y ol 1 e o9

Sl Sy oo b el plge b (pl oy
J=B ool 5 YU el slacdls &Sl s 4 ool S
329 o0 4iB)S a5 )3 o3le (JS e il o SSE
e L (S sl JUSe (lajbges (ol
2 kb 5L 55 ol S Sllied & egnse
SENIWOs S 5 celps s 5 YU Lsissnd celacdls
84zt U aoud cpl gl onds sdaline (65,0l GBI
50l B IS o 3 4 St Lolss 5l Juols
Ot Sl )85l A5 sdalie g e xSIIY/A 4 VIV
g Ngb o iia grloel el Lite B(?) i85 flasl 5
U5 & i b 0pS o g0 BN g Gl (gl 3
393 (5555 > o8 s5gm sanlie A 158
dgdien yhuo S pSled @b (i whew g9 pSIIVY
o> Oge—My sl oY Sl S Slgiee
VY5l S0t 551 b uebliseg ;S z9e (sljl 40 g ol
ol 381 L Ll b oo jlti] oS 5 53 g0 g 09955l
PSR @5 L @leogs il 4 6398 290 55
el oS 5 53 5Ll 4 3B oo 0)bgd g9 Il YOS



e BELA0 Collwg (Sl 9 (97N (5 o b (S519 (5 Al

8639,8 sla 558 (65l il b Lol cuwl oS 5 950
ol ) 8 (5ol & 5o y9ee 9 99500 JLT IS adjad
olyon (bgals o s GRIBIL ol cpl & 29 dalgs
F 8L adgl claylis plosl 1 g Cales 3 B ol
OBLS (Bgels S ity Sl B g0 (65

b oo

Tetragonal

v

extinction index
|

0 5 10 15 20 25 30 35
Energy (eV)

23 S2NIWOs S )5 pdgols o pd Jldges - ) ) JSUi
JUsS s il B

o Sl 518 90 2 0 YU slabees 4 )8 &KL
= Sl o §) Jols gl L gl alis & oy
5 > pi Ly alidie ()18 CunSld o b o5 0y
> &L (pspse pr b aldie ()18 (Bgels Gy
ot Jlged d gl L dimd oo LS 295 51 S 5l
13 48 SENIWOS S 5 (6l S yiSUligd b i
D9 dxeS gl Cdg g ) SIVY 58 (55l (go39000e
(039400 (e 5D CunSud oy 3903 45 39) oo ]
e 4 bgape jlages (B)b jl sl 4 gl es3
g0 psIl B go3game > S Sllied @S (o990

CenSd g pi ol Jlid 4 g Bbeo pialS S5 59
&35 48 adgl sl )liS plomil b sl oo 38l oS 5
63 2L (aghge prow 3 o2 9 S)lg il 53 on lag]
N @Yl gadp o alagyg sl o ooy (las S sl
i Sy Sl g wims oo ploni] HIIS 515 )18 b b
slagiyslan o)l w31 )5 (6500 SuF sl &
S5 e 1 5yl 55 398 il 138 (sl s ,5YL
Rl S 5 50 95 sy g 4Bl il Ly 1Sl
Ol ) (95 By CoSd cups ol JUd 4 5 Lo
2 295 &y g iSUIND (551 3 &Sl B35 o

WS oo splp Sy ol e p b

Tetragonal

Lad

refraction
[ Y]

0 5 10 I 20 25 30 35
Energy (eV)

23 SNIWO6 S )5 CanSils i Jdges =) e USSS
JUeS 15 (gl jbo

zo— =8k mly sl S 3 (S5eld s 5]
o) WS oy o 51 Slsly (o liieg yiS)
S5-I U el o 00l Lis VY IS5 0 &S job jlan
SLET Lo yg il LIS i o7 (6551 B8 (ol 5> ola
3 Bl jsme any LB publinog xS g0 Cosl o

1. oluawl Y soleis Ve 009 VP




Syl po (owidigeo 9 ple

-1 | &,

EELS (@) = Im =— 5
g(a))| & +é&, @)
i L (5,5 BWI ol 4 a8 o ol dlal)
9 UJ..Q> P — ) 8 d')l.) M 6:[4 LY u.)l.(bo)b 2
2 A5 (SaeS i palie Syl U (sognse
Pl SeriWOG S » LSI)—f MW @U )|.)9.o.3 VY Ji.w

Cubic
8 -
6
o
7]
= i
a4 |-
2 -
() A L A 1
0 10 20 30 40 s0

Energy (eV)

SPINIWOG S 35 BUs| g pad 13905 — ) P JSiio
5255 LSl

S 5 Sl (e el FPINY S 4 i L
a5 L il Jogas o Lol (s 4B ] & ol
Loy sba)loges 4y dagi b g 48 00 )18, SBlad &9
S 45 S sl @S (ogp9e 9 (> piw
aS 1 cul Billay > 55 05l B &b Hlbgei b S
SENIWO S 5 o yiSlligs ol i i Joged
5o sl s g 015 slgen Lo ji5 iy S YV 5l an

.J.b.)un OL-MJ l)

YY e ol

Y ool 1. 2,93

2 i90ld Coys Jhead L aS by aiuinn S5 gl
CnSiicw po Jhgai &S bl o 8,k 5l .cwl slly
Db o dineS gl o b e Cuwl dide (gl
o e yo 551 0 SeSled & (R et i
A L oS 0] 395 e Sl i
3595 0 oo )l 5B 93 o 34 JSb (sl loges
dges jeome Ly s whw 5> S5 iSlled b jbgas
S VIV labe doei o dady o L |y 0/ sae
Aot b 4 098 00 (i B 93 50 CunSlico ps

ol JolS 3las )3 V+ s
&5 91 SNl g6 —F—F—¥

Sl e sl I (S5 (6351 BELS) Sl &b
o SRl (95 wg o g (959 Sen ol o0y
1ty 3 B sl 3 Jlas] b caslizo b ) 08
a3l el Lo 5l g b 3 S sl Jobo
Sy ol plgisdny (6551 AW &b jlgas )3 als
ISs o sla Si5eSily Sy 8 3500 451D
DS sy S 53 sl pye Sl 53 slasgS
ol it Jubo o) 325 Sgewdly gal ap Hpi>
A L e dalans 5 ol oo (ygamdly b bilize
blas ool o s ccws [T 0 s blas o)
Se s sl SoSJled @b (b g (sogge SUaere
o Y bgye sl dowe gl opl 3 cplpls i
selaly A5 dls dxlge (olaald b Sl (g5 51 B
Cul 325 G900 (5351 SW b 9 S psdled @b o

V5]



e B bde Syl g (St 9 (P98 g Ud L S (Fi1g (5 amwlxe

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

Lebogs & Byg0 (Slo & ) Slabee
ATAD YO-YAY olos

D. Iwanaga, Y.lnaguma, M. Itoh,
"Structure and Magnetic Properties of
SrNiAOs (A=W, Te)", Materials
Research Bulletin, Vol.35, pp. 449-457,
2000.

B.J. Manoun, M. lgartua, P. Lazor,
"High Temperature Raman spectroscopy
studie of the phase transitions in
SrNiWOs and  SroMgWO¢  double
perovskiteoxides", journal of Moleculare
structure, Vol. 971, pp. 18-22, 2010.

F. Zhao, Z. Yue, Z. Gui, L. Li,
"Preparation, Characterization and
Microwave Dielectric Properties of
ABWOs (A=Sr, Ba; B=Ci, Ni, Zn)
Double Perovskite Ceramics”, Japanese
Journal if Applied physics, Vol. 11, pp.
8066-8070, 2005.

S. Z. Tian, J. C. Zhao, C. D. Qiao, X. L.
Ji and B. Z. lJiang, "Structure and
properties of the ordered double
perovskites Sr, MWOQOg (M=Co, Ni) by
sol-gel route”, Materials Letter, Vol. 60,
pp. 2747-2750, 2006.

C.G.F. Blum, A. Holcombe, M.
Gellesch, M. I. Sturza, S. Rodan, R.
Morrow, A. Maljuk, P. Woodward, P.
Morris, A.U.B. Wolter, B. Buchner, S.
Wurmehl, "Flux growth and
characterization of Sr,NiWQOg single
crystals”, Journal of Crystal Growth,
Vol. 421, pp. 39-44, 2015.

P. Blaha, K. Schwarz, G.K. Madsen,
H.D. Kvasnicka, and J. Luitz, WIEN2K,
"An Augmented Plane Wave + Local
Orbitals Program for Calculating Crystal
Properties”, Karlheinz Schwarz, Techn.
Universit€at Wien, Vienna, Austria,
2013.

F.D. Murnaghan, "Acad-sci", USA, pp.
30244-30256, 1994.

Y.P. Liu, H.R. Fuh, Y.K. Wang,
"Expansion research on half-metallic
materials in double perovskites of

Sr:BB0O¢ (B = Co, Cu, Ni; BO = Mo, W,

S 4 —¥

Ubey SWIEN2K 1531 p 5 5 oslisal L adlia oyl o
oSl g o9y eyl oly5 FP-LAPW
Lg)l;’.é-L.w )l_e 93 4O SrNIWOg caclss wlﬂ_m”;
Lt b 3,5 )5 oy 3350 o 3 Jigf]y3
4 )ble yiehl Jlasly a8l prons cond oyl ol
S slazally 1) i plol ey gyl 5l
Sl Jols ol s awslis ()50 s b g (gjlwdigs
o3l B g0 o jd aS o ol (g5l Bl Gluslxe
Gillao &8 21> 3929 (551 SIS by 9 YL Gyl (62
23 gLt 3935l Bile [l oSy e s b
ConSid Gy pd Gl (youd (Sl Gl Sy (o)
S ySleed @b i ot b o gunlio 5 Sl
JM,MTM:@&JBQJK%LGIQJ{G@LB

A5 oanlie o)llo B g3 ya Sl

&1y

[1] T. Hashemifar. A. Mokhtari. V.
Soleymanian, "Electoronic, Structural
and Magnetic Properties of the
Sr,CoWOs  Doubleperovskite  Using
GGA(+U)", J Supercond Nov Magn,Vol.
948, 016,pp.3793-7,2016.

[2] AH. Johnson, "Growth and
Characterization of Double Perovskite
Buffer Materials for Thin  Film
Applications”,  The  Ohio  State
University,pp. 1-287,2014.

[3] S.Vasala, "M.Carppinen, A2B'B"0O6
Perovskite", Progress in Solid State

Chemistry, 2014.
Pl n e g9b el b Y]
Colugn publise 5 99yl ()l L
Jeslzel L Sr2NIWOegdislae

1Fe e Oluwl Y ool 1- 6009 YA




Syl po (owidigeo 9 ple

\4!

Ve

g ._;b)lu';'a

[RRTLYT S

[13]

[14]

[15]

[16]

Tc, Re, BBO =FeTc)", Computational
Materials Science, Vol. 92, pp. 63-68,
2014.

T. Kumar Mandal and J. Gopalakrishnan,
"New Route to Ordered Double
Perovskites: Synthesis of Rock Salt
Oxides, LisMWOQse, and Their
Transformation to SrMWQOs (M = Mg,
Mn, Fe, Ni) via Metathesis", Chemistry
of Materials, Vol. 17, pp. 2310-2316,
2005.

M. A. Omar, "Elementary solid state
physics: principles and applications",
Addison-Wesley, 1975.

G. Dresselhaus, M. Dresselhaus, "Optical
properties of solids", Proceedings of the
International School of Physics, 1966.
M.P. Michael, "Condensed matter
physics". John Wiley & Sons, 2010.



Iranian Journal of

Ceramic Science & Engineering
Vol. 10, No. 2, 2021

Calculation of Electronic, Structural and Optical
Propreties of Sr2NiWOQOs in Two Phase by FP-LAPW
Method
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Abstract: In this paper, we investigate the structural, electronic and optical properties of
tetragonal and cubic phase of Sro2NiWQg. The calculations have been performed using the
FP-LAPW method in the framework of perturbation density functional theory whit
GGA+U approximation by Wien2k package. In this research structural properties of
SroNiWOs such as lattice constants, bulk modulus and its derivative properties are
investigated during structural calculations. The result of band structureshow that there is
bandgap 2.80 eV for tetragonal and 2.73 eV for cubic phase. The calculated are in good
agreement with theoretical and experimental results.

Keywords: Double perovskites, density functional theory, bulk modul, bandstructure.
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Synthesis and Characterization of Nickel Based
Nanoparticles (Ni(OH)2, Nio, Ni)
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Nanomaterials research lab, Faculty of Chemistry, University of Tabriz, Tabriz, Iran
* masih.darbandi@tabrizu.ac.ir

Abstract: In the present work, we have developed a simple and cost-effective
solvothermal method for the preparation of Ni(OH),, NiO and Ni nanoparticles. First
Ni(OH), nanoparticles was synthesized via solvothermal process. Later the as-synthesized
Ni(OH), nanoparticles was used as a precursor to prepare NiO and Ni nanoparticles by
calcination at elevated temperatures. The obtained nanostructures were characterized by X-
ray powder diffraction (XRD), transmission electron microscope (TEM) and scanning
electron microscopy (SEM) to evaluate their crystallinity, morphology, size and
composition. Synthesis conditions were altered in a controlled manner to understand the
role of various factors especially the duration and temperature of the calcination on the
final products. The results proved that the synthesis condition would be possible to tailor to
reach different Nickel based nanoparticles. The synthesized NPs were used for the first
time for dye decomposition using methylene blue (MB) as a model pollutant at pH=7 and
room temperature in presence of UV light. Sonophotocatalytic tests proved that NiO NPs
had higher performance in dye degradation. In addition, since no toxic chemicals were
used during the synthesis process, the results of this study can potentially be of both
academic and industrial importance in the developing of facile synthetic process toward the
preparation of other nanomaterials.

Keywords: Nickel based nanoparticles, Synthesis, Solvothermal method, characterization,
sonophotocatalist.
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Abstract: ZrB,—SiC ceramic composites were prepared from commercially available
powders by pressureless sintering at 2100°C, and aluminum nitride (AIN) was added in the
amount of 5-10-15 & 20 vol% as a sintering aid . Microstructure, thermal and mechanical
properties were investigated and compared with the composite without AIN. It was shown
that the addition of AIN greatly improved the thermal conductivity and enabled the
production of nearly full dense composite. The hardness and toughness were improved by
adding 10 vol.% of AIN due to the improvement in densification and inhibition of grain
growth. Meanwhile the Physical properties were improved when 10 vol.% AIN was added
to ZrB,-SiC composite. In present work, thermal behavior from ambient temperature up to
1300°C was also evaluated. The results showed that the addition of AIN reduces the
thermal penetration and thermal conductivity of the nanocomposite, which is probably due
to the fine-grained structure with the introducing of AIN.

Keywords: UHTCs, ZrB,, AIN, Pressureless Sintering.
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Abstract: The effect of applying different types of carbon substances including: Norit®
activated carbon samples with different physical shapes (i.e., powder, granola and granola,
which has powdered), Vulcan carbon (V), CMK-3 mesoporous carbon (C3), CMK-8
mesoporous carbon (Cg) and also NCCR-41 mesoporous carbon (Csi) as nanocatalysts
support on the catalytic activity of small gold nanoparticles (Auio;) was studied. These
gold nanocatalysts were activated by hot toluene (W) and then heated by constant air flow
(S) or under vacuum (V) at 100°C for 3 h. The highest catalytic activity was exhibited by
Aui01/Cs (W+S) nanocatalysts at the rate of 96% with approximately 3.3 nm particle size.
However, Aui01/C4; (wash with hot toluene and then heated under vacuum at 100°C for 3
h) showed the highest selectivity of methyl benzoate as the major product (S%: 88) during
a 3 h reaction time with an approximate 2.6 nm gold particle size. It appears that, the type
of carbon support can be considered as an important player in the oxidation of benzyl
alcohol in the presence of gold nanocatalysts in addition to the type of activation procures.
Keywords: Carbon support, gold nanoparticles, benzyl alcohol oxidation, catalytic
activation, nanocatalysts.
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Investigation of the Role of Starch in a Clay Membrane
Made by Gel Casting to Remove Arsenic from Water
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Abstract: In the field of water treatment, the use of clay membranes is one of the best
options due to its low cost and easy accessibility as well as low sintering temperature. In
the present study, a combination of kaolin superzonouz, ballclay TA and feldspar
(40:45:15) was used. Clay membranes have been formed in different ways, but in this
study, an attempt was made to form these membranes by the gel casting method, which
uses a non-toxic substance of corn starch. For this purpose, different amounts of corn
starch (5, 10 and 15 wt.%) and different sintering temperatures (1050, 1100 and 1200°C)
were used. In order to determine the properties of clay membranes, bulk density and
percentage of open porosity were considered as criteria for selecting the appropriate
membrane. The composition containing 10 wt.% of corn starch was identified as the
optimal sample in terms of open porosity. This sample was then used for water permeate
analysis (LMH). This membrane was subjected to pressures of 1-7 bar and with increasing
pressure, the rate of water passage through the porosity of the clay membrane increased so
that at a pressure of 7 bar this value reached 743 1/m2.h. The SEM images obtained from
this membrane showed that it can be used in microfiltration system. The use of clay
membranes alone is not effective in removing arsenic and will be up to 72%. However, the
use of coagulant (FeCls) increased the amount of arsenic removed to 94%.

Keywords: Clay membranes, Gel casting, Corn starch, Arsenic, Coagulant.
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