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> god SiO, AlLOs; | Fe, 03 CaO Na,O MgO K20 BaO TiO, | MnOs
S.2 63.80 | 4.60 430 | 10.00 | 9.00 1.80 | 4.50 n.d 0.30 | 0.60
SA4 55.80 | 1.70 590 | 1140 | 9.60 360 | 210 | 0.20 | 0.20 | 2.70
S5 64.50 | 3.60 490 | 11,60 | 8.90 250 | 2.60 n.d 0.36 | 0.10
S.6 63.60 | 4.60 1.70 | 11.70 | 12.20 | 3.30 1.20 n.d 0.10 | 1.10
S.8 56.40 | 3.20 190 | 1230 | 10.70 | 220 | 450 | 030 | 0.22 | 7.30
S.10 62.60 | 3.10 1.10 | 10.80 | 1090 | 460 | 430 | 0.20 | 0.13 1.40
S.11 56.70 | 4.30 4.00 | 1470 | 1020 | 350 | 3.70 | 0.30 | 0.30 | 1.40
S.12 63.60 | 4.20 2.80 | 11.80 | 10.80 | 3.10 | 2.50 n.d 0.30 | 0.27
S.13 65.40 | 1.90 1.20 9.80 9.30 | 450 | 3.90 n.d 0.19 | 2.80
S.16 57.30 | 5.30 390 | 1450 | 10.70 | 270 | 3.20 | 0.20 | 0.40 | 0.40
Average | 60.97 | 3.65 317 | 1189 | 10.23 | 3.18 | 325 | 0.24 | 0.25 | 1.807
Variance | 15.100 | 1.40 278 | 2707 | 1.07 0.85 1.26 | 0.003 | 0.009 | 4.61
CuO | Cr,03 | NiO PbO | ZnO | Co304 | SroO Cl SO; | P.Os

S.2 n.d 0.07 0.04 0.02 0.03 n.d 0.10 | 0.30 | 0.30 0.2
SA4 1.20 0.00 0.10 n.d 0.70 0.5 0.10 | 0.70 | 3.20 | <0.01
S5 n.d 0.04 n.d 0.01 n.d n.d 0.20 | 0.60 | 0.10 | <0.01
S.6 n.d 0.03 0.02 n.d 0.05 n.d 0.20 | 0.20 | <0.01 | <0.01
S.8 0.01 0.03 0.02 n.d 0.02 n.d 040 | 0.20 | 0.30 | <0.01
S.10 0.01 0.01 0.01 0.02 0.02 n.d 020 | 040 | 0.20 | <0.01
S.11 n.d 0.06 0.03 0.01 0.01 n.d 029 | 0.30 | 0.20 | <0.01
S.12 n.d 0.04 0.02 n.d 0.01 n.d n.d 040 | 0.10 | <0.01
S.13 0.03 0.01 0.01 0.03 0.03 n.d 0.20 | 050 | 0.20 | <0.01
S.16 0.01 0.08 0.03 0.01 0.03 n.d 024 | 0.80 | 0.20 | <0.01

Average | 0.252 | 0.041 | 0.31 | 0.032 0.1 - 0.21 | 0.44 | 0.53 -

Variance | 0.281 | 0.0006 | 0.0008 | 0.0012 | 0.051 - 1.40 | 0.04 | 1.005 -
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Study of Chemical Composition of Glass Samples Belongs
to Sirvan Historical Site, Ilam Province

Mohammad Javad Khanzadit, Somayeh Noghani?", Akbar Sharifinia®

IM.A in Archaeology, The Head of Sirvan Historical Heritage Site, llam
2 Assistant Professor, Faculty of Conservation and Restoration, University of Art, Tehran
SPhD in Archaeology

* s.noghani@art.ac.ir

Abstract: Sirvan historical site is located in Sarab Kalan village in the northern area of Ilam
province and according to experts and remains, belongs to Sasanian and Early-Islamic
periods. The purpose of this research was to investigate the chemical compound of 10 glass
fragments (mainly including parts of the body of the vessel) obtained from archaeological
studies done for determining the domain and realm of this area, using XRF analytical
method. Analysis and review of the results show that these samples have been classified in
the group of alkaline glass (silica - soda - lime) and according to the ratio of their alkaline
elements, plant ash has been used in the composition of raw materials to produce these
glasses. The average weight percentage of silicon oxide is 60.97% and due to the amounts
of aluminum and iron oxides, different sources of silica with low purity have been used in
the production of these glasses. Observing variation in amounts of elements in glass lattice
and lack of correlation between elements in general, strengthens the hypothesis of diversity
and alteration in primary sources, time and/or the place of production. Also, a comparative
study between these samples with the analytical results of glass artifacts belonging to the
closest historical sites to Sirvan (Gouryeh and Jahangir Dome), indicates differences in the
amount of their constituent elements, which may be due to differences in row materials,
techniques or manufacturing time.

Keywords: Sirvan Historical Site, Historical Glass, Soda-Lime Glasses, Elemental
Analysis.
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Ab Initio Study of the Surface Passivation Influence on
Electronic and Optical Properties of (001) Sbnsr3
Anti-Perovskite Surface

H. Salehi, N.Mousavinezhad, P. Amiri
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Abstract: In this research, the electronic and optical properties of the (001) surface of
SbNSr; with SbSr and NSr, terminations and surface passivation impact on electronic
properties were investigated. The calculations were done within density functional theory
and using pseudo-potential method. HSE hybrid functional was used for exchange
correlation potential. The surface calculations were performed taking into account
tetragonal supercell, periodic boundary conditions, sufficient vacuum and minimum force
on atoms. Results of the electronic calculations show that despite the semiconducting
nature of the SbNSr; bulk, the electron states were observed near the Fermi level. The
active surface bonding was saturated through adsorbing hydrogen atoms on the surface.
Due to this, the electron states were removed and opened the band gap in both
terminations. The calculated band gap of the SbSr and NSr terminations were calculated
0.808 and 1.029 eV, respectively. The optical properties of the SbNSr; surface were
investigated without and with the surface passivation. The results showed that in both
terminations, the surface passivation which causes the elimination of surface electron
states, leads to an increase in the optical gap. The calculated optical gap in both bare and
passivated surfaces for the polarized incident light in the direction perpendicular to the
surface was obtained greater than in the direction parallel to the surface. The optical gap of
the SbSr termination was calculated to be less than that of the NSr, termination in
agreement with the results of the electronic calculations. It was also observed that the static
dielectric constant at both terminations decreases with surface passivation and the static
dielectric constant in the z-direction is less than in the x- direction.

Keywords: DFT, SbNSr;, Surface structure, Surface passivation, Electronic properties,
Optical properties.
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Investigation of Effective Parameters on the Fabrication
of Alumina Parts by Low Pressure Injection Molding
(LPIM)

Danial Ghafoori, Kambiz Shoghi

Material department, Madyarsanat pars Co

Abstract: Low pressure injection molding (LPIM) method in this paper is investigated as a
method of forming alumina parts. This is one of the methods of making engineering
ceramics with complex shapes and high dimensional accuracy. In this method, a binder
system (paraffin wax + carnuba wax) was used as a plastic agent for easy formation of
alumina particles. Different parameters such as feedstock temperature, injection pressure,
injection time, mold temperature, etc. are effective in shaping ceramic parts by LPIM. The
study of these parameters and the selection of their optimal value are discussed in this
article. The optimum injection temperature was in the range of 90-90 ° C, the optimum
pressure was in the range of 4-6 bar, the injection time was in the range of 10-15 seconds
for a cylindrical shape with dimensions of 20x125 mm (D x H).

Keywords: Low Pressure Injection Molding, Alumina, Paraffin Wax, Debinding,
Feedstock.
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Fabrication and Inspection of C/Cs-Zrbz-Zrc-Sic and C/Cy-
Zirb,-Sic Composite Parts Resistant to Ablation by
Pressureless Sintering Method

Mehri Mashhadi !, Mohamad Hosein Bakhshi*
"Faculty of Materials and Manufacturing Engineering, Malek Ashtar University of
Technology
* mohammadhoseinb1994@gmail.com

Abstract: In this research, the aim is to achieve strong and ablation-resistant composite
parts C/C¢ZrB,-ZrC-SiC and C/Cf-ZrB,-SiC by non-pressure sintering method. C/C¢-
Z1rB,-SiC samples were prepared using synthesized ZrB, and SiC powders between layers
of resin-impregnated carbon fabric. After pressing with pressure 5 times at 1600 °C and
heat treatment for 2 hours in a controlled atmosphere furnace under Ar atmosphere. In the
next step, C/Cy-ZrB,-ZrC-SiC composite parts were prepared to investigate the effect of
ZrC addition and compare it with C/Cs-ZrB,-SiC samples. This was done by synthesizing
ZrB,-ZrC-SiC ceramic powder between layers of carbon fabrics using zircon (ZrSiOs),
B4C, activated carbon, with or without Si, along with shredded carbon fibers. For this
purpose, the prepared powders after wetting and drying along with resin were sprayed
between carbon fabrics and the resulting samples were pressed 5 times by cold pressing
after 20 layers. After pressing and finding the raw strength, the samples were transferred to
a control atmosphere furnace under Ar atmosphere and subjected to heat treatment for 2
hours at 1600°C. Scanning electron microscopy (SEM) and X-ray analysis (XRD) were
used to investigate the microstructural and fuzzy properties of the samples, and the three-
point flexural strength test and oxytocin flame were used to investigate the mechanical
properties and oxidation resistance of composites. The linear erosion rates of C/Cy-ZrB;-
SiC and C/C¢ZrB,-SiC-ZrC samples in the oxytocin flame abrasion test were 2.16 and
1.74 pm/s, respectively, and the average erosion rates were 3.28. And 2.41 (4-10 g/s*)
were measured. Also, the mean density values for C/CZrB,-SiC and C/C¢ZrB,-SiC-ZrC
samples were 4.67 and 05.03 gr/cm3, respectively, and the flexural strength was 303 and
245 MPa, respectively.

Keywords: C/C¢-ZrB,-ZrC-SiC, ablation-resistant, C/CZrB,-SiC, pressureless sintering,
UHTCs.
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Abstract: In this work, the photocatalytic degradation of organic dyes was studied
employing magnesium-doped zinc oxide nanoparticles. In this purpose, Mg-doped ZnO
nanoparticles were synthesized using three different procedures including co-precipitation,
hydrothermal and combustion methods. The samples were characterized by SEM, XRD, IR
and UV-Vis spectrophotometer. Afterwards, the prepared samples were utilized for the
photocatalytic degradation of Direct Red 23 (DR23). The effect of operational parameters
containing photocatalyst amount, time, pH and dye concentration were investigated as
effective factors on photocatalytic degradation process. The results represented that the
particles synthesized by combustion method was the appropriate one for the decolorization
of DR23. In this regards, the decolorization percentage of 99.22% was attained using 0.08
g photocatalyst and dye concentration of 20 mg L after 90 min at pH 9.

Keywords: Photocatalyst, Mg-doped ZnO, Direct Red 23, Combustion method.

85



LA (54 2

» 1Pl ) oslos ) ) (609>

8oz 3 (31,59 g Lo gd T il (Saol pov SO 31 51 (mi 5

Lol g Ay 51938 / Ewo Jlw

shpgf (ool 1dlio g3

Y$99la sagesans Revey ii"‘@mg%u e

L)l)’l 55)5 5.))‘..\:L.wl blimh9)) ‘wa"\"e(n 9 d)ju DMs)) 5@»{&»))15 9 &JK@ 05;\
Sl (5 ooyt s oISl ¢ iz g (o6 015l wljlh 5 cblin g 355 095"

*n.nayebpashaee@standard.ac.ir

touks

sl wle b

S slo g 200 5 25koe (ilodivgs ) SISl 5 Luolloil slocidg sl ] ol gl o
oz Aoy WO 5 VD ) aefd o) co/ed asiinei sl o y3gili Cllé ui oy I3y [t
Jslofy 5 oty iy i bl palS FOYF=YAY 5l 0l 5 Linlei] 3,50 (clolod 5 43,5 Ll
i ool (TEM Jisys0e (g piS] ipSingpSio 5 (SEM ) iy (igpisT cipSogpSie bowg?” )39l
b ot 5 ploil (XRD ol dudl iyd5 T dhosg 0 sl 1> 2330 slafli miis
A dugli b Jew b 5 x5 syt OYwgl Seolid 4yjpSny 5 (e i
b3 535580 b iy [ oo Y om0 5 (ol Colte polss & cul l okiar gl gl
olps i b/ o Jhw 3pSlas 0920 538)5 S )3 b bl oo dpr o (ozes juS )0 gl
b Sl o ol )3 lagylpn b  Siilisy )3 5 3,Slas gt 40 Sl oebaw 225 i)
&l sloo o A oo sl |y Jbw (IDjge ks 2 Slas a3 LS 0 Ko B 5 2 i
iogl ol — 855l Mg g —o (o pun Jlwsil Seoliss dijpSuny (spSoilil I ol
Bl (Hpined U8y i jpSnss i) o opMe wlio)d SO L+ azes S 020 43 Sy3gili 504 8]
A o Lo |y L3l o lorloo iy D (S S o ol a0jY &5 el Jlow S ()T
Ol ]y S oligdmdis (igipd )8y 4 lae Jl5) obipn Jewsil 5YY clacBE o Ly
S 38los Cusii 4 dopd /D puj core> (flopeaS 1> gl £5 53 Sl 5098 nlply b

ALCTISYWR PG| PR
Voo dawl VF 10l
Vo0 dho 5 AP acio

1 SWES D (i )3
WWW.ijcse.ir

8 1 ald
YEYY-YYoY i als LS
[ Seig P Lo

YYAY-Y. .y

20 31 guls

G higy /s Jhw
syt Jlwgil daglpe

S o oS i i S
20.1001.1.23222352.1400.10.0.24.7 :DOR 5

b sl 95 5B ol Sl 51 i Ll 5SS Slew]
donio —

OO Om 3l g3 Cudge pas [V] dgd (g ySsls ascle

lolon S cpabcaod jlesls jloy 5l i 0357 zolaw

Slagi)b p&in g 3w lon ) laloglgn wn 5l objz

A?


http://www.ijcse.ir/

Sl por (owidigo 9 ple

s 5 cublil Gygo )0 cpiomed [F V] 10,5 o owler
4 lea 639y alad Cwnd p H Al
s33eS J31 (gloass b o] 5,08 5 Gty sl ygige
Copo g 535 1 dagl gad be b g
a e 9 )0 0529 4 b bl 3,98 5 Jlazo ol ol
035y ok ool 5 amlgs laglon 6y ojle 4y Gl
Bl 5] g sl S55 Coge Cusl Sas
Sdomiw sladlg gmen lonlon ()55UsS (sla Siiocins
lop Sl 9 (Kol )Lib o 395 T Slinl —Cgin
oy 9 bolsd gl yu il sl 0L 53 390
ob ol olandl el alie cpl g wloioe (el )
g @8 Cledbl uiomed ¢ £lad)l g Co o leMb]
e S ¥ S Gl & gise b
o 09,5 slasl 1> Jials & g (S35g wolask
23555 20 53 ilon 0nlS sl aded ol il
Sl loaded b (Buy 28 p Wl ()1 <Ll
S dlse 51 e g2 jon & cunl a2 oL Plaglse
> 1y Lolon Slgy (oul cpslal o)bole 4 cud )b o
gl GBS GRlE slaie 4 calple sl e
G55 o sl piY Gloyy Sy SEalS g (Sealtyg ]
ol 25d S laglon g9 jl B g g abex 51 (S

JA ] 593 oo 0440l "CAC I Mol pypse
3 loglgs 6 (Shjn [as sl (JS sk 4
L [A] JsSelS bl D] JsSlolsl al » odlse
g o8 38y ol b o8 whas JSas V] JsSIS plog e

¥ Pitot-static tube blockage
® Bird strike
* Clean aircraf concept

AY

¥l 1 o ilod 1) o9

LY ] 23)5 o diols [aoslus jop 5 cpunld 5l s (S
5 Jo> Cuxio 3 Jlon @il g lgw 4350l 0 (6950
@olgs pl il a9 BB Hlowd &S sad o L olse &5
S92 S V] Mk Sliwe; Slles & bgye
lod b Ol Cllad g 5l 36 Laglon cilies gl
g A & cwl el Gl orb ke
kil da b silen Lgler  alisee  slacowd L
295 o) 5531 el Wy 9 y5590 4 Ism (slacs9)9 5
lom ol 5 slei o Jite (sobaw oz & )

1] 695 00 dezio ol b 255
DI d)S S sl sla by o & olatlesl G
Mowls gshw 59) 2 & Oy Fote @ el
doglgp p3 5 Jb o 59y «Jl (29> 4 Ceond )5 alor
I ogmes wolacl (o)lss 4 e ploj cuddS Sl
Yo il g enp YU (g doyd ¥o dgas pby Cowd
YU el alyass ol [0 O] 33,5 o Tlas (G945 (o
loo Sl ol 3 45 o o) lolon T (Suibely e s 43,
g5 4 6,0 Laglam g oad L Loglsn sl JL 55, 5l
Ol JpsS oo s g (a8l ges 08Vl g9y
Sl &8 > (6)lgdd g zolaw (5358 i 4 Lol
@ ol Sl gg) p 485 IS5 G L9 e Slg
P90 45 Vv 558 gMD Koy o (alalowlsn )3 0329
s 2 g 5lg o 53 )1 )8 laglom 3 o o L]
Slp ygige Jobb & @b S JSb slage ool a8 b
Shin Gop o8 Cwd jlocel y Sadie
' Lift force

¥ Drag force
v Stall speed



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

2 sl JUl Copo Gl jslaie 4 oy 4 Clisi>s
oadploml Vb g bwgio slaled )3 (jiale)S (glad )l
2 EYlawgil 558 dio; 53 Cldlllas 3939 pas s 4 ]

DIV sl 03 S5 8 iy 0008 S5 imian Blas jd
sl 529381 5l ool b )l (s (gl dalllas ol o
Jbw K35y 5 (i el v Ol (29l
$U sl 93938 Sl oy boglgn i s [Eae
Jo 2 Usogll 5 (31,5 Jolis (Loglsn 46y i L ,575L0)
33 B0+ e b S5 bl ol Lol Jols "l
b Ol sl e85 15 adlas )90 e
Jlogl w55y 2 Sladlas g8t By
OS5 96 ~Uiogllgil Manlon guas Sl —0l o
005 gl liio b adllas by ol s ol 0 ploc
Oy (oo doyd /D=0 diely GV wgl dipej
cuolio cdale odgame U ad 48,3 (las > il )dgl clale
lowlgn 0y 13570 Jluw 5,8 dield 09 (peand 3530
Oldllas (Slod odgame (pluly il o opolS YOY-YAY

L QBRG] gl Y5 Y40 alie oyl
% sl Y
Jlow g3 augi —1—¥

5 Jhosib giluoslel ol adlas pll 13 ps sl

Beod ol 53 Al e il b (99,0 Clpdgil lly e

% base fluid

J] VS el gl Jels i
Slasle sl oo [A] aS05 dlge g [Ve ] MouiS s dlgo
Bloe £95 e Lonlon (SI3jg Cldes )3 e3litul 3590
5 (-Type) pow g9 (II-Type) pg> £95 (I-Type) Jl g5
{6 V] (IV-Type) p ez 95

Ver) $U el 3 @b 539580 b sy Sl
Joolo @l Js! 3518 3 L 4y Jlw S & (ing
ol & wimn mle —aals Lglses &¥lawgil 585
soo)lS 51 (S [4] cad b 2l 5 ol Jlw K
b e Oyl colan gl gyl 50 edlitul (o Yluwsil
Sl el cups 5 e gl agiagg
s MBSl Jote Yl & s Vgl
gl JSB ger elge 4 518, cpl adee (LS
Sl e cops dod ol o S g 031l g5
dilize Slallae [V+ A 3)b (Saw ab Jbw 9 <3l
Colan il 5 Sa oS @l ojlil ds o a8 > o lis
015 (o) oizmen V] 22 dals 5YL gl 5o )l
gl Gli8l b oYlawsl She gyl colia oS cul
Sl 5 Vgl S50 ()l ol [IW]be (il
DY sk Sl dod (2al331 L o] Sl

& OYlwel @yl Jasl She @awsds wy S b
o3l Uyl (pl sl 48)S7 )13 (cw) 2 3)90 035305 ko
g5 )90 e (5l (gl Jhwsil slapiuge 5l
ol Jasl b ko cole p» cwl a3 138

Soie (Jb ol bl ope jlons SYLwgil 49 g

Y Corrosion inhibitors
A Wetting agent

¥ le 1 o los 1) o9 AA




Sl por (owidigo 9 ple

e JlEe pd Xdg ed hSis 81,5 g Usegllgils
3590 y3le LA s 05 i gu s Jgloe /0] bglse
Jhwgl ladiges axd sl 35 9 Al20s ©li35b Sl
Tl Cowds V dAbles S )5

(%)A1203+ (%)qué

(p =
(%)A1203+(%)&‘)§+(%)EG+ (%) o

oS ggooms) Sl (oo juS Ao @ & gl

x100 (V)

oy 4ol p el (31,5 g Unogll @36l coms
sl pS5hS s o Wog casSe o )3 oS kS
ool )90 Ol g 15550 [uss Jgloe wl )33l polho
9 Ao sy Jlwgll yid oo Fov pos 4
5l oolainl b @Ylawsil « puols 3850 40 g ol badiges
4 Wgud DJJS]X‘ JL.M: 0 ] )‘).9 as d.)bAyb ):L.u
ologil dxy s po 43 g oddags SWiS sla g Cygo
EoS CyianSls g 03,3 o 088y Jluw 51 > (sudg
@l SEgal il (jen olfiws Jl Sy Bl 9 )

3,5 oolatwl addy VAY e &

3916 b aasive —Y—Y

axdl ol ys olSuod jl diges 3 3350 (slajld Slulid jolaio &
Yo g YO by b «dgghS Frg Ve 5y L XRD (WS
5 (oo B oY g g ST VDY andl oo oo ool s
e o> a8 4 oKiwd b eolawl K6 pild
a8 )3 ) 10 gladiges yolaio oyl gly .uwl Philips PW1730

.\M.'B)f )‘)3 )Jl)—lwvu}r.‘awad)lﬂ Lngst)).g ‘_gl)g 1YW

" Pour point

Al

VE ) les ) oo

1) o9

Ml 3 s o 3eS b ol tlejl ploxl gl 95 0
4l sl by oy e (Kan g il sladiges (sl
Slg o wb Jlw d ldgl cuslie 3 pas b ad
O 3 Gy sl sl S bl (S ejlail 3 (o3Lj (sl
CliSEygu Sl odlital )l g2y (il sl g) oy

Al diej cnl )3 Sge o)l 5l (S
Juw aBilefl gy 3 s ol
adlas 5)50 4l Jbw Glgis & oddzin (g [as
Dol o b oddfis Gl Jslowo [l o513
2 ab Jbe plyie 4 l8 VA Glod 3 oo 20
o> oy Y lie 4 Georen Aad 485l
Lgilger Jwdgdmdu (9 105341V 5 (OA) sl Syl
SHSly 9 ca plp ClSdee plye 4 (SDS)
b 9 (o3 pelgt i Bl 4l Jhw 4 @590

ol 0ad G1)1Y Jads 50 il S

[VF=1 ] aanlSgl o bond 9 SO jud Olelbl ) Jgo=

ylade dasiin
C18H3402 Slord Jg0,8
YAPNO K —gd ahads
Yyvinoe K Slasil alads
Yarnos ) K " b dlais
YVY/N 0% ) K N oy, abais
YA/A-mPa.s R

A/&) A v/b "/\ "/'a d.dm‘-))‘ ).3 u‘)byl) LSQ»)“;
(3 SR (ined 9 4035 bl > 003 Y/ o Y
Sy ojb  Lileil 590 claley eyl

Solus pze> 3l a8 @l ydgil b odly 1,8 oy elS YOY-YAY

' Cloud point



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

3 puad Jlaw gl i ao e o o> dugs 1w oLl 390 ol I5jf /23w S « 13950 0l - Jgaz

[/ (9) =

(%)..\AL> (O S0 T i -

Al203 R 1952 [ g ows Jlww <!
ofeen ofe e Va4/9fY YYY/#¥-
YA < IYAQ «[+YY Ya4a/6FY YYv/ava
<1\ < IYYA R4 Ya4/FfFY YYY/IFV\Y
N YIAQ - < IYY . VAA/PEY YY\V/OYY
\ YIVA-+ At \RN\Vidid YY-/f\ Y
VO VV/FPY . o7 \RYdidn% \ARVARES
A VO/OF - </aY - Yao/7f4 YAYANYAY
AN VYa/f- AATAR VA ¥/70) YV\V/- VY

U5 ity 5 olisl @VLwgl (g)lul 0L5))
loolaiol b cpols” YAA glod > gy ©Ylawsil
S b lawgi oadaisle Zetasizer Nano SZ100 oK)
b (g pSojll opl5 Horiba

Sl Ol od 3o (g 0 1Nl =YY —Y

i 9 KD2 Pro )y 55 YUl ol I gaos ol )
ool Jluwsil ()l Colid Copd sl Caa KS-1
& ol canr O plea G spome ol oyl MG
oz gd B s> Ol (oY 55 s (rizmam g Lod (2l
A8 LKS L jguivs () (ol )3.092 sl digel (gl> oS
Gl b 3,5 bl yia oo £+ Jobo g yio e VY
Jhwsl Sl b e et
Lo+ WmK) bo-/eY wWi(mK) ojb e
A ¢ pSojlal £ /+ ) WI(MK)

iy SVlwgl (il colia gpSejlul ) iy
390 Sluwgl (J)lp colia 385 (¢ pSojlul cax
€8 ) el (gl plol ol gl S (g0 2

ol el e (guSeill G L8 KD2 pro 3l

29 A diged gaw JIX sl ol oS ol
8 5l ealil b a1 o lolih oal Canwd 4 (6931 oluo]
5 plol 5 bl gl

Je (SEM) - (ugy oSl ogSwnSee ]
jLelesl a4 e Mega  Tescan
05l8l g Couy yund g wyp 4l (Inca OXFORD) EDS
2w (g polas BT ol )3 3,5 oolil @l deil
4 bdiges maw (SSn95 e wrd > Wlgoe &
S pi el LT ol gl onsas 5 I8 a4 olKuwd .,
ol 5595 5 oYL 8 3l 5 cuwl TE-SCAN

oS oSy See L1 ol gl
oy 9 SOy ey sdhie 4 (TEM) (s)5e
390 olSiwd .8 )5 )18 oolaiwl )50 l)dgil (g LS lu
.l Philips CM120 5JUT cpl (gl o3l

Yl b Sbaasiw —Y-Y

Yl il (5 5luly 36T —)—F—Y

slates S S olge 2 B Joudly ) s o)

VE) les b goled 1) oy9s Qe




Sl por (owidigo 9 ple

b3l gl sl oS53 1 (5 uS0jl0] SUM-S1 &l
S CnglS YAAND )3 gl (o (ST (6505l
o3l syt (gl Jluogil (b 1S A 0, IS
sl YA/ B K YOAND I ol calises (slales ,5 o
o3lizl |y Gilisks (glalod )3 o LS 5 (4 ,uSojl
plos ciolt (glos alaines Sy Lol a5 gt dlaioes
2 (6 pSoslul ol Ol (53,3 daie g O] 53,5
L 5p50jlul dw o bawgio job &y 0al 0135 jlude

el yio 5> ypal Juo oY Cnlab pac

ey g b Y
14393l b aasuive ol —1—Y

9 AbOs Lusgll g @ldgil WSSl anil Lol (6o
Y s 0 o)l sy b oolpen 4813 cilangls
oy sy Ay G L sllas sl i &)
5 VARE YIFFS YIVYE Lol )3 as 3 SVIVY g 4
Olrio b ey 4 bald oyl .l sad samlie 1/YQ)
5l Callas (FF+) g (Fer) o(¥VY) (YY) (81,5 i )5
2y esb buwgio o3l (Y aoles) 5y dldles I odlazwl b

2o sty Lol 1,356 (gl y2ogil VY L
0.9A
- B cosB (Y)

s Sy sligg B Sl axidl g0 Job A ol 0 &S
Cawl Sy ol as6l5 8 ¢ (FWHM) diuiy ¢las)|
ol ol s =V S o 81,8 s 9L XRD (563]

B g e YIFY agly » )b g 38 Sy el

a> D YVIEYY o > OF/FAY o )3 ¥Y/YFA (0 olisS (sl

)

¥l 1 o ilod 1) o9

ool ol labglsee )l colin (st (o Jlugl
buwg calizes glalos )5 (W: EG /50: 50 % vol) oSS
> ons &l glaodhy b 5 15 (g,Sejlul KD2 pro
ol ,S3 gled edgaze > b dwwslde [VV] ASHRAE
o1 (s (L3l oo 42 &S b Sl 5l by
G| g 0l oe3 casllas ASHRAE (slaodls b el
33 g oo odaldie (grodly b (1o yd+/0 1 50S) S
8lse JoiB BB o3gazes 53 olKwd gllad (e dns
2t Jlwgil o (sl (Sl colia ol (6pSojlul
glod o 5> Jlwgil ()l calia (e Coled 53 9,158
35 GBS Sl  (Sils il il
Y b g 433 j 95w g (5 50 jII —Y'—Y—Y

o[+0 3l dals w6l uS L (6 puad Y Lol s 9
VYN B OYEYND Gl Sl akl s YOO
oFe b dlSon jegSuny Sl D (5xSolul (gl
039350 )3 o Jluwgil (ladyjoSuuny (Sojlul (sl (olod
A ool 4dB> )3 ygd Ve B adBy j> 4o /Y i &y
Gl Vo E 5o Y Gl 4y yiogSuang €83 g ,,ST (glaaiols
Ljplamy S50l sl yragSumy Sl eolinal 5l L
Ol bglses b jtogSimy cstyymp @Vhagl (Seali
e lia (slales > (8+0+) JsSlSelsl 5 alls
&S0l slaodls ey ilaito Cillas .85 )15 bl
5959 [ VW] ASHRAE xuio )0 o yiyl55 (sla 031> 5 0us
o olee  dlysdl 4 Sle )b
ol IV 5l 508 adllas (ol )3 (o y205 slrosl> g ASHRAE
WYl il xdaw S (5 50 jIl —F—¥—Y

3 oslizl by eVl oo S ol adlas

gosls



e Sl 3,5k 31 81 S 5 ogll 936 ( Sol oo (SW0I381 5T (goi) 2

Y K5 0 S sl ol (535 S5 4 S
S5 bloss 00981 (a1 il (oo ydgy 95 o onliio
S 027 4 s Cannd I3 4 (gl yoglST) ) o
(oY J5) SEM clialie .cwl alydgl obj
sadyg I B Glogl &S sad e lis

Slosds S5 81,3 sl oligS

SIS Cloaogl XRD cabs )3 lgi oo 1y 43 AY/FVA
wxio dols L 8= FYNS 5 o) Ky o) smlin
Sdasein  (++F) sl doxio & by d= YV A
gl couy [V A cl (815 Clxiogl Lol
(Y USS) A gy 2 SEM Lawgs 31,5 Cilxas il g AYOr
23 o i |y AOry &gl 5l SEM paai Y JSUs

Vol 3556 iy 945 o ol S gl 3 5 wisSilo

-
T

eS| dnisl gi p as
1

Yoo 111
‘ 220

222

|

UL

(&)

511

444

) Y

. (RS d .
(a2 0) Gwili3l g b 9w o 3l

S| dni] gy ads

(+)

A+ 7o Ve A+ 9 Yoo

(a2 y0) wU3b g pwl o 3 o @93
3135kl SBSey b ol pod 31,5 Slorinogil (0 97-AI203 &ly393 (il 4 bgy o XRD (59U -1 JSuio

1) e ) ool kY

1) 60,9




Sl por (owidigo 9 ple

Jlw gl Il oy @ Y-

b5 Sl 36T (o yomd Vsl (sl ol 6l
Ao 1y Gomslwgw LG 5 ()bl jye ai plool
byl U5 Jowsly 457 (51,5 905 cpsm b by e o
A3l S Sgidie =¥ 5l L s ke gl Y

DA s Il
28 51l Glais 4 e YLl U5 Jaily
OL&}\‘ Jiw N u”lf YaA LSL‘") 5 Ol‘} P Jol> (o>

ol 0445 03

KL

¥ folded regions

n"‘)l.@ \ 60)'.»‘2’:

|RETIYTY)

S ladels wile g oddzer w2 59y (S sladd)y

iy g0 ko 4y 0S92
oalaiwl b il clyd S g 031061 5)50 13 5 i (slo oy 0
Sl 5l TEM pglas .del Cavday TEM  polias )
Ol den Ll o ool Hlis WY S 55 v-Al20s
FTEM pgad ooV S5 dimd o0 oLl 1) (59,8 S5
5 1S 5 o J ol & cosl (315 ol
ool G yro kbl 45 dm3 oo i 1) ons 1 sblie

31,5

o

BLS Sloriogil (0 9 Al LO-Y (Wl (pg) (395U 9Suwg sSa pugluas -V JS

7 N\ R -
=y S AN

(1)
[
L J
‘ .'\)"...: .‘
e’ - Q‘ '.
c“ » S .‘
L 3 .
50 nm

OLS Ol gl (0 9 Al Oy D139k (W I TEM uglas -1 JSiis

Y wrinkles



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

)8 U e 4 b g leda>Me LB
ol cawlie Gl il gl Jie SV Lwgls
Sl ol g g (Gl Jisl (el o5 (GVLagl
o o Ji o Sl o 20l sl Iy (s 5V
S ySoilul adlae ] )3 g wmls: Sowls ab
S Sled edgaze 3 (b SYLwsil )l colia
oS |y (el gl gyt sl Yo¥/AD b YYD
ool Ao 3 YIB 5 ¥ MO ) /B co/V o/ +d dals aes
28 e 1y gy SV Lsgls )l colin b S
&S jolailen aad o lis Cilisre glaled o dols oo
S ol 2Blaoy 0980 oanlio JS5 o 55
PR b GRIE S oo S L g e
Ol olasd el YL oo S (0 (8 1eSS Buls
9 Sl Foke e Jlowgl ) ume 0o )3 29290
Seble 1 58 b 4l Jlw )3 20l &3 (5 abolé
w8l I8l Oy el (55l dos (il bl Sl
il b Rl G g (olad 3)55 5 Sl
o Pl Dl GmlEl cel @lpgl ey
ol al Jbw ()l colin pol (a9 0 1)
YL clale b o yon OVl o Gil8l cplaed o
g JB Jhlil 5l ol Aol ol gpSeis

S o S5 sl mb lackls 3 Sl ol
Lol camd oo yilial ]y )l colim ol gl clale i)l
Ol yeglST Jlasnl Gl coge S5 e o805 (g9 |

LS5 130 28 ot > e dn 29 Cl3gl

U5 Jowiliy p3lie 2950 0aaliia ¥ JS5 )3 o5 jghailen
oS ol yiize g lio =0+ BTV ) ey oed Y lgil
culie 3Sdas g Jluwgl Jod JB (5)lul ormdlis
RGO G 5. P RSV S PO L B SO SN PR PG L C JYW
b SVhwgl 65 Jouily polie © =¥ JS3 L ol
Sy g QIS A dag b bl Gl loy Ll
@ bl gloj bl b @yl 4 g Sl (Sl

\ Y Y
[
Y.
3
iv. - 7 I
: é T
fe -
o I
> _ b
é I I
go - L +
v ()
(%wt) ool x> S
Yo - & 3 9

(395 gkoj

(A o 2 (532 518 OV gils S Jamiliy -1 JSCB

Oloj (@ 9 2l (02> puuS

Mgl 35155 Cold (6 5450 il s —F'— V"

5 b ojlul YL (o)luly s 4 o Jlwsil ()l colin

ssba olul 0 Sl ol S ceals

' agglomeration

¥ le 1 o los 1) o9 ¥




Sl por (owidigo 9 ple

P& Cal Gxe Gl cpl il P Cute Sl oyl
8l some oS5 Jowstb Sl easl YVl slales
Sl S 50 Dgd o 000 B Sy oS WsSSler Ll
Colin 1 lod 3l o> 0o yd V=Y/Q) YL ol o
Sl el il gpSade gy Jlwsl )l
2l 96 S G )93 0 g Seln S el

Caol 5 wgede Ld plol; slaclale
[15j8 gas =l G pn Jbwogil )l Colin gl
Colia Lols 48 Canl o o1imd i Usegl Tl — 31,8 30
@ 99381 b 135/ das Jhw SHI @ 3 5 ()l
b dge (o Moyd /OB e3gae )3 gl
513 3539 loj b yiulél ol 1h o)L3) 5yt oS wsSilan
OSe Sy jll Bl i Jlewgll Lol saasiie oS

!

40 395 9 5 p50 Il b —F-¥

2 Gyt Jlwgl (Seolid a0 jsSiuny slas pSojll
Jbwsb (sl cpolS YAYND b YSYND 5 Sled odgumme
2o d YD oY MO N /B /N o]0 Moy oz puSL
(e Jhwgl S oSy (wyp sl D el
D9 ddllas Jluwgll (Baspe b (Sge )8, 1l
WS (oo Cund (P98 AljoSumny 9B 5l (a8 Clale
aasly el g e 3l JBe Slule ol 3 (B0 S5
] (j duasuin (V)

T=py’ (¥)
s 32 o EPT 9 B OIS T i jgSammg b ol )3 &S
§ S o8 Cund (o8 09 I (Fg et Clule .l s

W0

¥l 1 o ilod 1) o9

Wb oo deu0 u:)‘)> Colin 9 05 iy 20 o)

-

*
|

mV) G J.....:L.;
HH
= ol

14
o
o

~

Vo -
(%Wt)sol> o> s
Y. o & 3 B
Y. -
i Y. -
o~ fe -
£
S b -
2
[
Ve -
A -

(90 oloj

(AN

ryraa
3 YA - ]
¥, —yar1a _— !
-E' - r.raa ol + .
K
y }
53 * I !
E .
g

-
b
-

T MOy e g &,._“_,:;_..» ~
aliseo le-blo) 2> M[, u"’”)ms .

Gl gl Jlwsb a8 o)y sgmg Sloj U iul38l oyl
o> HOAS0 4 ol wsls sl ol b
gy 9 Mbls 500 o5 wad S ] (obeades

DS o Syl culia oo ials el S
mye alS 1y Gyl colin gl ygmlyeglS]
Ol 381 L el o 0ald s O S 45 &S jglailen [V ]

o VL glaled )3 ke 1B )l ol oo



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

oo ol (553 5 oSl lelsn Sl sk s
oK g loj CuidS L oy &Y cplcwl snd sk
My e S & lwley Ceyw &
Joloe [V] 29 o s zolaw (59, 3l () + knots 3g0)
U 25 Mo zohaw (59, 5l cawls p j J8 b oolisul )90
Bl Al ke U Laglon (Seslndgnl 5Sles
duoyd fO L+ e S edgaze ;0 Glydgil 3458
SPSES) St B AnjsSuny Sl egMe
S 35he ol oY &l Jhosib iy
9 35 (oo i 1) il o Loplon S0 hjge s
b loza Sl Sejslss 15y 255 5V (slaciile 5
€5 9% ol 02938 crlple cwl S eligdesus L8,
Cogll & dop> o/ ) e SlayuS > gl
S o S Iojg [ s 3,Skes

i dely ez S Ll L S S5 L gillae
65> 4 255 OlS > Aol jd 5 Wb o Lili8l gl
s Sl Sl (sln JySge b 351 5 bl
(@b ke Laals8l) @il slas Jilial Jilis 5
U Ol reow Jleinl g 9l @)y (0 aold ials el
GhY o 3y9 0 (gl (oo puS Gl L 9 e
el g b Ol CogslyeglsT Jlainl g asdly (2ol
P Jlw O (a3l g 4 jeSuny il
celyal Jhw 08 oo juS ) > 366 (938
L joSuumy D9d o (29 S8 Hsb 4 b joSuny il
ol Sl sloaY o 8 > Jlis Lol Jole

® Shear-thickening
* Pseudoplastic

P TLLARTUIES
T=my" (¥)
Tl LS el m (hp g5 Y by GO T o] o &S
n<l By .l "ol S, esls (n#)) no
oXigdped Sl D98 0y T ()5 38 )18,
ol i n>1 L 5y
P p e sy (Seelnd dbjgSany £ S
Jol> o> ).uS olises ﬂ)lii.o ‘_glﬁ u;glf YaA dLab
Do o odalie &S Weler Cuwl i ol ol
I el (oo (o puS b sy SV Luogll iy jgSin
L uYLwyb 2wl R G g A Mb YOG -/
ol Coli lod &S oK oy /O L ¢ eze> puS
W joSuy ad b GRS 4 e by Co p Ghl38
dalllas 3)50 Jlow (g o )lB) odind (Ui & 358 o
Caol V31 5eS N polie a8 8l g o Cpeizmed
YU slackale b pd OYlwglb dad o Hlis oS
Gl S b oladiges i i SIS 5.8, ,L8, ol
Solite (S3gl) by dop> 0l 5k delr e
o3l yd el oo puS L sladiges > aad o ol |y
oo i3l 4y e Ly F i ili8l sy < /0 =YD
2By 4 boloto )18 sy Jlowgil 5355 g0 4 j5Sunng
A2 o s |y Shear —thickening 5 g. yué
Todd 9 Sz Jlw [YV]AMS 1428 5 |kl b 5illas
b (adlas ool )3 oadziw Jlw) pgd g9 Lolo
2 $)Ble jolate d &S ol " Sitwdygdgwr (S99 et
¥ consistency index

¥ power law index
¥ shear—thinning

¥ le 1 o los 1) o9 {7




Sl por (owidigo 9 ple

o
—~t

o
T

o
T

& & o
< > =
T

(>4
o
T

(MPa.8) Saoliyd iy joSuns 9

|

-0~ =15 —o- =2 —o- (=25
— o

L 4 4 ]

O

IR
\. Y. Y.

€. o s. Y. A

(RPM) (b 2 s yuw

——- =0

¢ =0.05

B -
—O0—0

-6 -6
P 0
=
T

¢

-

D

=
T

—

-l

—
T

(MPa.8) ol s iy joun g

—
3

\. Y- Y.

€. o- s, Y- A

(RPM) (% 2 sy
OIS YA lod Js 2l o> 405 9y E5 Sloutd U1 4 Jbw gl 40 j9Suan 9 Ol puss -5 JSU

Cely @i 3 9 351 (5,5, I b bglses 5| (5 oS
Aol & Ab patie Lad e dbjsSuny el
Pl S clackle (g cwl clale 4 annly Ky,

JYY] col
] & oSy ) yel)b wﬁ)‘frﬁ“ 9 (Rrmke L
A0Sy Cuol 0ad o3l L Y JSE j5 &S jehailen
@ el cpl b pRalS Lo (AL gy Jluogil
O F9N¥s0 oy adls ey Lioli8l b &S cul s oyl

v

¥l 1 o ilod 1) o9

03559y o 5 516 S5 o Vbl 5 Jeb s ¢
chale 5B b oo Gl Al Jlw 40 jeSay il )3
I8 (np 3y90 03 S oo &y joSiang (g9) 32 39k
On daly o cal g Ll groes cwl 48

G gasedio Sl e 5 40598 g
clle i)l as and o lis 29390 (020 Olalllas ST
SYlwg b joSng

WS o leal b 5155 (S el (nl L9 (o0 (g e

il el el



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

Lol cunl (s Sl gl sd)57 13 (oo 9 048 (yes
Oldllas )0 [YY V] ol a8 5 )13 dslllas 350 oyl &
093 5l (AU (raw IS 53 s (igelyn 003 plox]
LYYV caol oas 5l aallie pbls wlydgl
il el daly oo puS I3 LT &S s et
iz 18 95 cnl e 9 3980 (raw 28 31
Gl fadge cpl ay iidl g Cuond pl Baa

P iz gars —ol (s pme Jluwgl (oo iuiS
S kel 5> Sl oz S 5 Luagllgl — 31,8
Podod Y0 oY NON /O oV o+ dol> o>
5o sl YAYAD b YOY/NO ) iliseo (clalos
Sob al Jhw (daw (RS jlie VS Al
SVlwgll 5 coliSEypm (o wl Jhw olSE)gm
los 5 @3l (o clle Jl (b lgis 4 ]y s yun
A3 o lis

S il sl Sl dgas A JS5 b sillas
Pgdee b Jlow (Hdaw

e ST 298 e cismd ol al Sl 5 lydgl
Ol Loy (Rl b 1) anjeSiny (ialS Wy, ol plos]
w38l )3 [YO] o) Seimgy 51 5 81 [VE Y] wlos S
joSusy B
OYlawgl aujeSuns [YY] o) Ken 9 Zao 5)l6 s
oS L,

sl cos (= ZOAY, L¥IVD, ZYINY, JNIYY)

d)ﬁjb o>

o b yogll /]
02y 5155 9 00,5 dalllas (1ol YAV U YAF  Calises
Laly AlOr I3l oo puS & by 99515 &5
9 Chen .ube o culi dljoSiuny dod i b Jg Cunl
ol Jlwsl g9y p 353 Sl [VF] e
2 CpolS YYY U YAY oled odgioe jo TiOr /oSS

w5355 )55 od (Ll I L (oo iy j9Sinng 5> (S5

w5 50 I uls —O—Y

gdaw Jgbo J5lg 13 45 295 o AliST gy ) (rdaw (iuiS
Jole S (raw iiS WS o Jos gy 0 g0 il

Ao

o -0 -+-0.05
ve b

R -A-01 -=-0.5

\i;. . -1 A-1.5

" S b Koo N 2 °°2.5

’3) .............. O o.

2 0 T

3: A X -

n B 4 -

G vl - o

D. l~-;"" R A

Envt -

Y& At Yv. Yvo

YA YAD 4. Yab

(K)o

¥ le 1 o los 1) o9 ‘A




Sl por (owidigo 9 ple

Foo
= WEG
o0
a4 g___ S— . — — —
‘1 0.05 | — -0 N
. Lo-Te0a — = — ——¢
—ﬂL 0.5 o - § - —
d
En 1
=
B —1.5
L &2 =
— —_—
25 . e — —
.
ta =
r -
T Yas T Yed 140 TS The Y]

(K) e

b 630 e OVlaugili 9 (@=+ )iliS gm0 59l 4 Jhw (WEG) CiliSd ) 500 0932 4 s (orbaow S -A JS&

Los jl s O g0 4 3ol som> iliste (Sl punS

A b al Jhe 5 @il classlse cly Jlw
5 Chasl omle lagys onil )3 A (o liSen
Tolw 2 @le Joge slagys Cuizmen 5 jglxe )
1ol ulla,ily adle (clog i cq il 08 oo S milo
OS5 a3 e el |y e ST (g5 45 g e

{TV] st oo d9a2 1) (>rdaw
Uy Jlwgl (raw (piS A JSo L il
P ol b (Bl e 5 Gl oo TV il
Db gy b S e S il &S Cowl dxe
B e g -
S e cnl il Bt (B9 Lol bl o Gl 8l (rdaw
015 sanlte (glakig, 8l o 3] s ol S il
S )5 45 Dgus astine U A dalsd 00> sl asldl )
ale Syt Jad (daw (555l Slg5 o0 855 9L )
g ool odaw (S ases > g A yum |y 55,

9

Ve le ) golods

1) o9

Jloee )3 09290 CiliSS 9 (sla S50 2 S 4> Sl
9P Spdie had ) 4Y G g ) (o g Consl (S
ol gt 390 i s S oS
b ool oads (B)l55 [YY e O] mlie )0 lesliss g
(sloly b i g 3938 51 5 s S il
pbl dalllas 45 sl B L [YY V5] Ko 9 Banisharif
9 OA Il [YY OVF] Ko 5 Banisharif lawgs o
131 JS.za 4y Sl 53 FerOr il 1 2 SDS
3929 45 Cusl 0l (B)1S 9 0B oy n JBSIS T
wb Jbw (oo (LIS (a2g5 JB 5k 4 ilsE)gu
» 1y OA SI[Ya] ,Kea § Radiom .2 o jials' |,
ly tebie gl 2,5 (g o 3 TiO2 30l ()l

<ol
b 4 90 lpd (139331 L 4 590 o0 oanliia A S5
@ 96 b 938 b bl oo Rl (ordaw (23Sl



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

e 4 YAYNO B YOV oled dials (3 7+/) 5 +/+0
e el L a5 58 lesl g s, il
b oopl b o iol38l aVlawgl odaw (58 «l gl
AlOr &lydgl 31 aS YV] o) Ker 5 Bhuiyan slaasly
oo iz (gl yuS 5 ke I )3 1) SIOY g TiOY
b calize glgl 5l eolatnl I b cunl (Seo piizes
b cilisee slacdale wglite daw gla jiiS b ol
Al calisee b Yl b g calisee (sl slisé ygu ol )
ol gl @lyd Sigdy 5l b odaw i > cigles
53 908 ate S yidie fuab 4y wlg3 o 32,500 @363l
om adh o md  Wed zen Il aw
ol el wgde g dgl g Ol slaeSlse
o Gl 5 S e Juab p JiSlge o el
g o3 il o 53 5 Jlew S50 10 Ol (sla 5050 bl

Y8 FF] 25 oo (daw LidS ials el asis )0
Croiw Jiles cangs o @lydgl (Polp S Sy 4
Sl cpl 5l golaws 1asd wsles (8L wb Jlow ;5 a5 W)l
Cangdl Sldgl By g o Jitho g oy 4l 4
o ol 51O b a3l Jlaisl g Jad sl anily dg2g
Jibs 4 JgS050 oy dlolb 95 0 St Ol (sl JsS0g0
el g b oo il Ol gla J5Sg0 g 9L I3 o ol
2 08d )53 ol 4y dagi b 2gd oo (e (IS Sl
cbale dly ol ds S a5 08 sl ol o YU
DS e Oylys da gy G pd )b demg gl

5 b Rl Sldgl (9381 b a4l @Vl (o

s ol Sl 1 5V golo /515 peans o ol cali
g% o 5 Syt b 5 5 1 s i
Jhw slaeSse 9 0 SO o ciliSSyee )
Juab 3 1y s 3131 (5, 0gilly jlo 4 Algi po o o
wly clale (ml8l LWV ] e s mle =55 S e
Ol & e & Ll S5 KUK 4 ol
Nl g5l Gl el yol cul 950 (llsyaig g9y
Jwgl (daw 2iS GRIB1 a9 paw
o 1Y 5l 5aS sl oo sl yuS sl oy

g 50
e SIS el 5y50 3 Gl e |y ) Sl g
S &l ez 1Yl i @l gl cdale iolial ) st
b 3 55 S5 s o5 552,54
S5 4 Y opomen [YF] b alS Jhwsl xdaw
5 Zhou adlllas gl [¥5 0] canl 015 oI55 Jluwsil
L;Lm)mf L HvO-AlxOr JL..M;yb &9y ¢ [YA] L‘)‘)Ko.fb
5l calisee slaled 5 oz do > V-V/0 Cilisee o>
aS ol s oS Sle dsys ¥e U olS ol anyd VA
aw JiS Wbl Foke Olpgl e puS e
5 Banisharif lawgi o pbul cla ool b o yialS
Ol bglsee p (itse @V Lwgil 59y 2 [TV V5] )
ef+) ez cale |y FerOr gl sl JsSulS ol

VE) les b golod 1) goy9s oo




Sl por (owidigo 9 ple

sboles dod Sl () e (pioman 9 43,5 bl (oo
A5 b pglS YOY=YAY les o3l 5 slejl 5)90
Gy S bawg gl o, 5 couy ()
Si3e SNl @Sy See 5 (SEM) (odug) (9l
26 =0l Gy Jewgl 5 5l Gy 43 bl (TEM)
S (Gl ol gl — 389l Mo
EVlhogl  Swlod  wujefeny g ohaw
25 @l g a8 awlie a0l Jlaw b g cpSejlul gy
i Jobs
Suidsey Gluogas &5 b ol m ()
— 85 96 /1550 s =T (o paan Jlowgil
a4 Ond 4 jho pj sbled 3 logas Lagllgl
ol dtusly ©lgl clale g lod
Sy Jeesl Sl cols V
clale 4 Loglgl — 81,556 /o s

_J

aS b Gl bt ol atuwly Ly 4 &lydgl

coge ldgl ez chile 5 b il

Vgl )l cola )l
D0 (S pud

LS ol ol e idS (gpSojlil mls (¥
e (ilS @b s 4 ColiSE g (49439
cale ali3 L ol 5l e bl b o gals 1ol
oo b o Ll (xdaw LS gl @l
Jhuogl s 28 dod Gl b el
Al o el Gy

Jbwgl (Seolod auj9Siung 550l s (¥

dLﬁ)—u«g L ‘_SLQA.;?A). FLN uL“—’ Sy

\+

¥l 1 o ilod 1) o9

ogryo Sy cllé ] aels @3 gl clile oS lSin

b (2l Al Sl (rlaw (23Sl il
dod iul381 bl oas odly Lis A IS > &S jslailen
i @b SRR e Jlwsl (odaw LS
ol €529 Jige (Senludgey e8> lod il
raw GiiS Giall cage
On Sy bwg (odaw (LIS 29800 Jhwgl
sladssdse enl (Al Lo ST 0580 e (JoSUge

S (0 CS > P g Bgdoe w550 ke Al Jhw

Al 5 00 o b JoSg0 yo adls (slag s s jo

LYY V] b e ials 66 lyd e
S5 axs —F

S G pge @ b x93l Sl sl Simghy )
S SRy S 9 e ilwdie » Wlge
4D wyp Bl See 1jgu [Eas odle (o jdse
Fw (i [ Jow o ymp Jlwgil i jolate
2 28)5 )18 ool 3)90 ¢ igly Cunss dls ye )3 0
Loy /geas mlo —of bl sy Jhuglh 4
Oloe 4 polS YAA (glod 13 o> Moy Drildr G
U ol o2 51145 gl ol 485 as )3 4y Jlew
e 3 15397 00b St 31,8 limiogil g lisogl] 3
2op> Y Glise 4 Cpizman 20 Bl by Sl ) (gome
o393 mades (359 2031 5 (OA) sl Syl (o>
9 CalS lp iliSyem lgie 4 (SDS) Clgdlsw
b Yyl 5 45U b o & gl Swisl,,
5l o yuiS N5 dig (slals yo g3 b 5l 03lit
Qo Y g ¥ MO N /0 Y ]od Bz pl



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

Jhw 2es (Lol aaY o5l Jhuogil
hoadle byl an cbiz fase
3y g5 pYL glackile ) (Jy WS (0 Lot
Ol 938l ol WS oyt Jlow (5955,
2053+ 1B i s> sl puS )3 )39l g 93

152

lpas Jhw  >Slas

Cogdl @

S oSS

bosks / Jbo abo

9 ohaegh 5l coles Bodio Coles cod Limgh ol
b )9t Cawby (6)9ld g (cole Ciglae —)guiS™ oy5lis

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Gl 005 plol AV -V VASY C)‘L’ 0;lowd

&y

C. A. Authority, Aircraft icing handbook.
Safety Education and Publishing Unit: New
Zealand, 2000.

Transport Canada, Guidelines for Aircraft
Ground Icing Operations (Chapter 13), 2005,
74.

Ground De-/Anti-Icing of Aeroplanes;
Intake/Fan-blade Icing and effects of fluid
residues on flight controls, EASA Safety
Information Notice (SIN) 2008, 29.

Getting to grips with cold weather operations,
Flight Operations Support and Line
Assistance, Airbus, 2000.

Transport Canada, Deicing/Anti-icing Fluids,
TP 10643E When Doubt. Small Large Aircr.
Aircr. Crit. Surf. Contam. Train. Aircrew
Groundcrew, 2004.

Training Recommendations and Background
Information for De-Icing /Anti-Icing of
Aeroplane on the Ground, 12th Edition,
August 2015.

Federal Auviation Administration,
Standardized international aircraft ground
deice program (SIAGDP), Faa, 2010, 1-36.
Leroux, Jacques. "Guide to Aircraft Ground
Deicing." SAE G-12 Steering Group, 2017,

(989 3 5y o 10 [0 ] 58 dal> o>
L sladiges & Jbs p> casiils Shear-thinning
s 5y (0 I — ¥J0) VY clake
Boye o o9l ;1 g aiily Shear-thickening
,\m)fu.o

— 031,55 155 e~ s n ool
Wl oS cdale g yhs 5 sl ;3 Luogllgil
h HRIedss (Sopdser 5 Nl HU3)
olis shale 5 Sled o3l edgize plw & G
D9 021D G (31,5

16—l e Jhwsib Gyl colin b
ol eyl Legllel — 31,595k /550 t5u
S s 0 5 )l colia oled a5 Cul
ahy el L bk Jas b
b oo d9se 93U
sSles o GBS p L
siiS Gl dewlsn il (ghbide [Fuas
Salig ol 5,Sles dgun 4 ¢l  edaws
5 o O s e 5 loglyp s

3 Slas don pd A5 oo SaS By g D pan s

Jlew

S o g |y o Soj [0
pjsSny S5l | Juols ol (sli
35ge e —ol hyup Jluwgil Kol
039350 )3 Sl )35l 9938l eyl g3l — 31,555l
Ol pegMe oy /OB v ez S

Shear-thinning  Sgdpe  Hd, Al joSumg

Ve le ) oo

1) 60,9




[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Sl por (owidigo 9 ple

M.U. Sajid, H.M. Ali, Thermal conductivity
of hybrid nanofluids: A critical review, Int. J.
Heat Mass Transf., 2018, 126 211-234.
Standard, SAE Aerospace. "Standard Test
Method for Aerodynamic Acceptance of SAE
AMS 1424 and SAE AMS 1428 Aircraft
Deicing/Anti-icing Fluids." AS5900 Rev. A.,
2003.

P.C. Mishra, S. Mukherjee, S.K. Nayak, A.
Panda, A brief review on viscosity of
nanofluids, Int. Nano Lett., 2014, 4 109-120.
.M. Mahbubul, R. Saidur, M.A. Amalina,
Latest developments on the viscosity of
nanofluids, Int. J. Heat Mass Transf., 2012, 55
874-885.

M. Afrand, D. Toghraie, B. Ruhani, Effects of
temperature and nanoparticles concentration
on rheological behavior of Fe304-Ag/EG
hybrid nanofluid: An experimental study,
Exp. Therm. Fluid Sci., 2016, 77 38-44.

N. Zhao, Z. Li, Experiment and artificial
neural network prediction of thermal
conductivity and viscosity for alumina-water
nanofluids, Materials (Basel), 2017, 10(5)
552.

L.S. Sundar, K. V. Sharma, M.T. Naik, M.K.
Singh, Empirical and theoretical correlations
on viscosity of nanofluids: A review, Renew.
Sustain. Energy Rev., 2013, 25 670-686.

R. Kumar, D. Milanova, "Effect of surface
tension on nanotube nanofluids." Appl. Phys.
Lett., 2009, 94(7) 073107.

Z.Y. Zhou, D.Q. Qian, L.Bin, Y.M. Xiao and
H.C. Bi. "Experimental study on the surface
tension of Al,03-H,0 nanofluid.” In Materials
Science Forum, Trans Tech Publications Ltd,
2016, 852 394-400.

M. Radiom, C .Yang, W.K. Chan.
"Characterization of surface tension and
contact angle of nanofluids." In Fourth
International Conference on Experimental
Mechanics, International Society for Optics
and Photonics, 2010, 7522 75221D.

Lu, Gui, Yuan-Yuan Duan, and Xiao-Dong
Wang. "Surface tension, viscosity, and
rheology of water-based nanofluids: a
microscopic interpretation on the molecular
level." J. Nanopart. Res., 2014, 16(9) 1-11.
A. Huminic, G. Huminic, C. Fleaca, F.
Dumitrache, "Thermal conductivity, viscosity
and surface tension of nanofluids based on
FeC nanoparticles." Powder Technol., 2015,

1F) le 1 soleis 1) 2,9

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

134,

S. P. Chauhan, M. S. Roshon, W. D. Samuels,
and E. S. Berman. Environmentally Benign
Aircraft Anti-icing and Deicing Fluids Based
on Cost Effective, Bio-based Ingredients.
BATTELLE MEMORIAL INST
COLUMBUS OH, 2012.

C.H.M. Hill, ACRP Web-Only Document 4:
Aircraft Deicing and Airfield Anti-Icing
Formulations: ~ Aquatic ~ Toxicity  and
Biochemical Oxygen Demand, 2008.

Doc 9640 - Manual of A/C Ground De-
Icing/Anti-Icing Ops (Doc 9640),
International Civil Aviation Organization
(ICAO), Secend edition, 2000.

N.R. Karthikeyan, J. Philip, B. Raj, Effect of
clustering on the thermal conductivity of
nanofluids, Mater. Chem. Phys., 2008, 109
50-55.

M. Hemmat Esfe, The investigation of effects
of temperature and nanoparticles volume
fraction on the viscosity of Copper Oxide-
ethylene Glycol Nanofluids, Period. Polytech.
Chem. Eng., 2018, 62 43-50.

N. Salih, J. Salimon, E. Yousif, The
physicochemical and tribological properties
of oleic acid based triester biolubricants, Ind.
Crops Prod., 2011, 34 1089-1096.

D.R. Lide, Hardness of Minerals and
Ceramics, CRC Handb. Chem. Phys. (2005)
2313-2314. http://www.hbcpnetbase.com.

A. Banisharif, M. Aghajani, S. Van
Vaerenbergh, P. Estellé, A. Rashidi,
Thermophysical properties of water ethylene
glycol (WEG) mixture-based Fe304
nanofluids at low concentration and
temperature, J. Mol. Lig. 302 (2020) 112606.
https://doi.org/10.1016/j.mollig.2020.112606

M. S. Owen, ASHRAE Handbook:
Fundamentals, Inch-Pound Ed., 30329(404),
2009, pp.31.9.

S.N.M. Zainon, W.H. Azmi, Recent progress
on stability and thermo-physical properties of
mono and hybrid towards green nanofluids,
Micromachines, 2021, 12 1-35.

M. Zareei, H. Yoozbashizadeh, H.R. Madaah
Hosseini, Investigating the effects of pH,
surfactant and ionic strength on the stability of
alumina/water nanofluids using DLVO
theory, J. Therm. Anal. Calorim., 2019, 135
1185-1196.



e Jlow 3,Skos 2 (31,550 5 Gaogll 93U Sanlpos 00381331 51 gm0 2

[32]

[33]

[34]

[35]

[36]

284 78-84.

A. Banisharif, M. Aghajani, S. Van
Vaerenbergh, P. Estellé, Low Temperature
Viscosity of Nanofluids with Water : Ethylene
Glycol Base Fluid, In 1st International
Conference on Nanofluids (ICNf2019) & 2nd
European  Symposium  on  Nanofluids
(ESNf2019). 2019.

S.Tanvir, and L. Qiao. "Surface tension of
nanofluid-type fuels containing suspended
nanomaterials.” Nanoscale. Res. Lett., 2010,
7(1) 1-10.

N Ahammed, LG Asirvatham, S Wongwises,
"Effect of wvolume concentration and
temperature on viscosity and surface tension
of graphene—water nanofluid for heat transfer
applications." J. Therm. Anal. Calorim., 20186,
123(2) 1399-1409.

M.H.U. Bhuiyan, R.Saidur, M.A.Amalina,
R.M. Mostafizur and A.K.M.S. Islam, "Effect
of nanoparticles concentration and their sizes
on surface tension of nanofluids.", Procedia
Engineering, 2015, 105 431-437.

A.R. Harikrishnan, P. Dhar, P.K. Agnihotri, S.
Gedupudi and S.K. Das, "Effects of interplay
of nanoparticles, surfactants and base fluid on
the surface tension of nanocolloids." Eur Phys
J E Soft Matter ., 2017, 40(5) 1-14.

VE) les b oot 1) oy \oF




Iranian Journal of

Ceramic Science & Engineering
Vol. 11, No. 1, 2022

Study the Effect of Nano Al,O3z; and Nano Graphene
Ceramic Additives on the Aircraft Anti-lcing/De-Icing
Fluids
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Abstract: In the present study, the effect of nano Al,O; and nano graphene ceramic
additives in optimizing performance and improving thermophysical properties of aircraft
anti-icing/de-icing fluids was investigated. Nanoparticles were characterized by TEM,
SEM and XRD methods. The thermal conductivity, surface tension and dynamic viscosity
of the hybrid nanofluids were experimentally assessed for temperatures between 253 and
303K and results were compared with some existing theoretical models. Results revealed
that the thermal conductivity properties and thus the efficiency of aircraft anti-icing/de-
icing fluids are improved by the addition of nanoparticles. Considering the performance of
the aircraft anti-icing/de-icing fluids, increasing the surface tension of the fluid helps to
improve its performance in covering the aircraft surfaces against the precipitation of super
cooled raindrops and snow, resulting in better performance of aircraft anti-ice/de-ice fluid.
Based on the results of measuring the dynamic viscosity of graphene-Al,Os/ aircraft anti-
icing/de-icing -water hybrid nanofluid, the addition of nanoparticles in the volume fraction
ranges from 0 to 0.5%, in addition to increasing the viscosity, show non-newtonian
behavior Shear-thinning nanofluid the base, which is the main requirement for the
performance of the aircraft anti-icing/de-icing fluid. However, at higher concentrations, the
hybrid nanofluid shows a tendency to non-Newtonian shear-thickening behavior.
Therefore, the addition of these two types of nanoparticles in volume fractions below 0.5%
helps to enhance the performance of aircraft anti-icing/de-icing fluid.

Keywords: Aircraft anti-icing/de-icing fluid, Hybrid nanofluid, Al,Os; nanoparticle;
Graphene nanoplate.
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Abstract: In this study, the mechanochemical synthesis of carbon derived from calcium
carbide (CaC,-CDC) was investigated at ambient temperatures. Thermodynamic
calculations confirmed the possibility of calcium carbide reaction with sulfur, iron sulfide
and zinc oxide at ambient temperature for the synthesis of CaC,-CDC. The synthesis of
CDC was carried out by mechanochemical reaction method of calcium carbide and
reactants with stoichiometric ratio in a high energy planetary ball mill. Grinding with a
rotation speed of 300 rpm and with a weight ratio of pellets to powder of 20 to 1 and for a
period of 1, 3, 5, 7 and 10 hours for the reaction of calcium carbide and sulfur and a period
of 10 hours for the reaction of calcium carbide and iron sulfide and zinc oxide was
performed. In order to remove calcium sulfide and calcium oxide from the synthesized
CDC, the ground mixtures were dissolved in 5% hydrochloric acid and CDC was obtained
by repeated washing with distilled water and filtration. XRD, SEM, Raman and FTIR
methods were used to characterize raw materials and products. The diffraction patterns of
the milled mixtures indicated the reaction between calcium carbide and sulfur in 10 hours.
In other reactions, the diffraction patterns showed that the reactions were carried out in 10
hours. After acid washing, calcium sulfide dissolved in the reaction of carbide and sulfur
and iron sulfide, as well as calcium oxide in the reaction of carbide and zinc oxide, and
only peaks related to carbon were identified in the diffraction pattern. Electron microscopic
images showed large number of nanometer pores. According to the Raman results, the
obtained carbons were of high graphite grade and also the FTIR results confirmed the
formation of carbon bonds. Also, according to the results, the degree of graphitization was
the highest in the reaction with sulfur and the lowest with iron sulfide. In the same way, the
lowest irregularity was related to CDC synthesized from calcium carbide and sulfur, and
the highest was related to the reaction of calcium carbide and iron sulfide.

Keywords: carbide derived carbon, calcium carbide, mechanochemical reaction.
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