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0 50.02 63.10 44,88 61.34 53.59 67.00
Na 11.39 10.00 9.45 8.99 4.37 3.80
Mg 2.10 175 155 1.40 0.88 0.72
Al 1.82 1.36 4.40 3.56 3.89 2.88
Si 29.25 21.02 22.08 17.19 33.00 23.51
Cl 0.99 0.57 0.67 0.41 0.65 0.37
K 1.20 0.62 134 0.75 148 0.76
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Cr - - 279 117 0.14 0.05
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W% A% W% A% W% A% W% A%
O 50.12 63.40 50.25 64.43 46.20 62.56 51.53 67.57
Na 11.02 9.70 8.66 7.73 7.51 7.08 454 4.15
Mg 1.97 1.64 1.64 1.38 1.73 154 1.00 0.86
Al 154 1.15 2.95 2.24 2.23 1.79 1.90 1.47
Si 29.09 20.96 27.89 20.37 22.66 17.48 23.98 17.91
S - - - - 0.38 0.26 1.90 1.24
Cl 1.07 0.61 0.82 0.47 7.60 4.64 3.86 2.28
K 1.33 0.69 1.45 0.76 1.88 1.04 1.70 0.91
Ca 3.20 1.62 1.94 0.99 4.18 2.26 474 2.48
Cr 0.07 0.03 0.56 0.22 0.09 0.04 0.11 0.04
Fe 0.44 0.16 3.53 1.30 0.21 0.08 0.11 0.04
Co 0.16 0.05 0.31 0.11 0.17 0.06 0.13 0.05
Mo - - - - 5.15 1.16 4.50 0.98
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Iranian Journal of

Ceramic Science & Engineering
Vol. 10, No. 4, 2022

Technical Features of Safavid White and Blue Glaze:
Experimental Studies on the Samples Discovered from the
Vault Related to Mosque-Madrassa of Sultan Hassan in
Tabriz

Manijeh Hadian Dehkordi*, Behruz Omrani
Research Institute of Cultural Heritage and Tourism
* m.hadian@richt.ir

Abstract: The Nasriya complex (build up in 1478), also known as the Sultan Hassan
Grand Mosque and the Mosque-Madrasa of Hassan Padshah, were destroyed due to
earthquake in 1780, along with most of the historical monuments in Tabriz. Over
archaeological speculations, two pieces of blue and white porcelain were discovered in this
complex in 2006. As Tabriz was considered as an important commercial center in the Silk
Road with respect to geographic position and plays a main role in extending relationships
with Far East (East Asia), especially China, Chinese blue and white dishes were regarded
as one of Chinese goods which were demanded by Iran and Tabriz. Therefore the
authenticity and origin of two discovered potteries with respect to historic period and
construction area were regarded as the main questions in the present study. In this regard,
research on the samples carried out by using experimental methods such as thermo-
luminescence dating (TLD), scanning electron microscopy (FE-SEM/EDS) and
petrography as well as comparing the motifs and symbols of these potteries with Chinese
ones. The results indicated that the potteries under study belong to the late Safavid
government (1640-1648). Based on petrography and elemental analysis of the samples to
compare the Zonous Kaolinite located in the northwest of Tabriz indicated that the soil of
this area was probably used to construct these potteries. Further, the glaze of these samples
was under color and alkaline and their blue pigment involved cobalt and iron, while bright
blue consisted of chromium, cobalt, and iron. Due to high percentage of iron and low
percentage of aluminum in these pigments, the blue ink of these samples was related to
cobalt silicate which was inconsistent with Chinese potteries in which cobalt aluminate
leads to blue color. The shape of the mark which was drawn on the exterior of these
potteries is the type of “character marks” drawn by the potters of Safavid era on the
products of their workshop. The motif related to the pottery having the mark is blue and
grey plant, animal, and geometric with high delicacy, while that of other pottery is dark
and bright blue human motifs (narrative) with lower delicacy. These potteries were
probably constructed in Safavid era and probably created in Tabriz. Studying further
samples and comparing with control ones can help conclusive results.

Keywords: Sultan Hassan Grand Mosque, White and Blue Chinese, Safavid, Glaze,
Porcelain.

17



LA (a2

“ H‘--ol:..m)‘\‘;_gbjlu‘fu\-,_;b)9>

oo Slow! (Sl g SR i g3 F9 95 JUB ) w9 (RO g yloy il

o g iU ¢ gmtomnS | g 5 43 CadliT oS g yod

o ydgili g5l

O Jlwdat Jolno 48 AZ31 (o8 o ST (595 Slowdly

gl (oode allie g5
#Y '“ A "Cué ()ZJT“ ‘HLMJLG'% 4:"“1“)

Olm e LA‘Cﬁ olXisls Q‘}o (e os)f ‘d)ifé d?’.‘-’uh‘
e L (Jog o8l wlge  pwiige 09,5 il

*a.fattah@basu.ac.ir

touSe

sdlio Okt

by AZBL o jio JUIT S0)5 )15 5 jliSlojsy o o3 sy S8 plowil o il s imafy onl )
oy ol spliods Gl LBSYNE cuppr yge (lawdl (oS GplbnST gy 4 ol ob
olizl 50 483 10 5) 0 B iliro slolof o Cill Sy Sl (ool (s 4l )i
3 5 gy i p pSagpSeo il oolizol b o yidyy (basd oSy 5 b sla g 85 )18
sloiplef] by oy jlodeds o 0 o jidyy (5255 olss S IS oy 90 Sl Sl
I fols gl sl 45,5115 axllbe 390 oty S puildeol ( eiwcisl 5 Seolidpuaily gl o) N
el o jidy colbiis 5 la A5 oj LU 438> 10 U o yiday loj sl b 457 L Jamgy o)
izt Caohyld lodisa s 0 |y ot doyd (3 ppeS ddd Ve lof oo 40 ol Ol i Sl
St olr S s b e ) o edd ol iy &5 bl mlo

g0 lodigad 4o 33 (oy0 yia ko sl F/VY X))

VFeo alaye Yo il 4>

Voo oo YO I g gy
YA daio U VA docis

1 SWES 4 (wgiwd 4D
Www.ljcse.lr

(lb 1 i 515
YRYY-YYOY i als LU
foSeia S 4L

YVAY-Y'+ oY

20 31guls

AZ31B i U
oS Opeltns]
St Ll b

il i
Oslig o leasin S
20.1001.1.23222352.1400.10.0.16.9 :DOR »s

1A


http://www.ijcse.ir/

Syl ps (w0 9 le

Sl A8 e s odzm (oS 5 b g (Ssl
2008 5 ealatwl b ol o3y ojlis pud) clalllas 3945 o
5 s s by e glowdly il S (gl izes]
= 9 25 e SIS majate Y 5 g9y oS ye

IYY VAL wise g0 s 1) o (59,55 Lolss Wlgs
2 by by g JSas a3 cunle 4 dog b (pizren
plodl jl oy iy o ¢Syl slaaB5S £935 Jl
g s il 8l oS 395 e (6l Sl (sl 1]
Sy raliol WU Al e bl 08 55
oS D gy olgd Caumdl 4 i g aLslS b
el S an e g)enlil 298 028 sl b
9 jd Slae @ dag b o Hla 4 (g)9p0 Al
e oy JS Jud 5l oo yiall ] b olesd
S9y = Cdg Sl OS5 g S a3 2l B le
IYA VY] 2l o IS 86 s ey 2ld ol
CudsS 69y p (B tby Sl plosl floj (e ol
A gty ol 5 el YIS Sl (e ols
VB gV D) (b cidise slagle )5l () p
= bl S 90 Sl Bl ol b ide 5> (4
Ol gl o a8 sl 00 4Bl e S )
Cuol o Jilgy SS9 b Loy )3 (5 pRaiis
O jlwded Jaloe )3 o pidsy (53,55 L8, sl )5

) 045 gy
N gl Y

i LT Gog J) o ptndey Al plosl cgen
o see YN0 oLl gy Lo ¥ Coles 4y AZ31B

]

1o Ol ¥ oo 1+ sd09

FPRYI |

Lgab o Do SIS 5 S 5l ol o] g wajate
2 el 5l ol YL g an plSomial Cus &
ol ol s 00l I3l Liblan o Jiig a> golieo
5 S Lot s (Slke ols 39 > > 4
S o 3 (rmwg gt bl Sl 6l
o3l 5 oo ol JSio Lol [0 —V] 29450 02l
|y Lyl 31 ooliial 48 ol o 3 YU (S3055 &35 o)
X yps clalase )3 oyl 5l cdadlome 1 3jlo o d9dxe
Mg logug Col Sl (5 (4900 salaze 53 0394,
& on LSaly e ©llae ) oolizul [A —5] caud
D9y Josb & e 4l slajll] (53,8 S8 can
SO Sy Ce (e (o Sldas Sl 98b
Sloiss Jal clles ol Cusl ok oslizul dlge )
o bosd 5 (Sazed gy « Sl () (s
9= SLagbsy i I (Ko [IV -] adl e
sl ol Gosll 5 i (as Sliles (4l 0olizl
ol 4] cpl el ploadly (2SIl gpaliges]
099y o) 3 el Jgame Szl uiy] p 5l b s
Ot e Jrailiy BT Jlasl j Sl o) alen
Ol L g, oyl 50 Lal g o o3l w5157 ¢ 5]
Sy 0ol 4y o] s 5 5187 g Ty il B
1o gy 3l o o (S eloas s
s gl e 53 00 SljT Ly sl )S [NV Y]
Pl aa¥ i oo olyes & Joloe (0 0580 (S Sl
sl iy 5l gl ymoss plosil Ly el 13 9000 (=

Oy oMy yi el 3 olendge i g (olowdg xSl



e (Sl B Slomy] (Suol g (S gy (53,95 U8, 1 B3 Giwigr (yloj i

023 ploxl "oy Sloannd Jslowe 3 (idey s 5 L
liaolgunslty o8 1 o lowidy iU (o ygoil 53 .ol
0 o b 03l (63918l A 09y 4 Al 9)Sue
Ols—eds (AG/AQCI) o, a5 A S0, el il Jadowe )
5 S 298l e a5 ale 5 g pe 39l
odlizl 3590 ()8 39,5801 lgicas Lialojl 590 (cladiges
e )l Al )y gl baiges Lol a8)5 )13
Jodore o adds Yo cae as 5L e Juwilsy bal
ol ol (o waab el 8 Saye 5
Vo U e iS Vv uilS )8 adguome 0 ooleanidg xS
&l ool gl )+ gan s sl b §yn Lo
oK )I Lhu,u_wy Cowle s 9 )LQL.»)J) )
(FEI ESEM QUANTA200) i) (5555l gy o

)l)s1 py )I Lmu,w.»y ColBus d)jo)l.b‘ le).» A oalésiw]

031l g duoyd duawlre (gly i LA odlawl Image J
o=l 9o s eala Wl MIP I3 8le 5 51 iddgy (sl s
%9 A odal sty Sl g5 My g5 5l (g
aglj ;3 Philips PW1730 saiad ol yy lawss Grazing
2 3990 slajld sl Cpr as A LY ol
¥ ool b SOl asdl (hgy ol 50 i oolitwl ladiges
T sl )3 sly cul o w8 o 3)55 2 aiged 4 42
1y oSl Oldos olKawd jloy KT s g bilo Amlgs ol
aiged dy dndl )58 5 oS Aygly 4 drgi L md oo pln]
OleMbl 5 0 daled 505 diged ) drdl 985 Fos
Cpa b aales J1E SLasl o1y Jlas 5yee0 Y 5l giute

A odlazwl Xpert HighScore )l58lp 5 5l ol oo

‘Simulated body fluid (SBF)

9 Aev Foev Koo XY dlbO)Le.w )‘ W)J LY L;:Lmobl.wu
Ol L Ladiges o Sjodlim jl w05 031> Jauo Voo
WA S Dy glen by b coles 5o g i ylaide
348 g ySU gl Byl g il 5 aabed ]y ) 5o
G 00,8 Ll ) wsl8 id dgy 355 Y68 i
oalaiwl 350 g iSIl s odlaiwl PM 700/7 PRC(IPS)
e Sliwd ) 1y 2y 5 0 51 (S 5 il b ol
(HA) cesbl wSgpun Slydgib 1) 1 p)S V0 4 (KOH)
O el 0ad ol 5 ploawd Cgmy B9y 4 Ghagh
VO Lyl o3l g a5,ls (g9, Sans ,ldle odes jgboay
Ol miw Jolype el oa b dwlowe yogils
sobany imgdy 3 ol 5l Jeols @l 5 cuill S gyun
2Oy ploal bl s [YA] Canl sas 03y gyl Lol

]
s T8 3 bdiges (a3 ibey bulpd -1 Jga=

wlowlly (Sidg 5SIl O gl agusS|
I S o | S5 | ok

Dot | o | G | @sn |

| o Voo ) t5

| o Voo V. t 10

| o Yool 10 t 15

il 5 Sealdgesly (gl )My sl gl

093 AZB1B (oo SLIT () (obiong yiSUl sl

1E e Ol ¥ olods Ve o093 Yo




Sl pw (w0 9 ple

Y =¥+ ] sz sl sl

9 J5 o) palie do baype (Sgts 5900 ¥ IS
Lt ) midbe il (slayloj 5 b I35 o)l
B o

D 5l il b pley il L g oo odaliie &5 oboslon
i3 b 15 b e tal58l L I o1l adds V0 b
sladoe Gy cwubus Gl g (2ooids ol
ol Cos Aol LialS adso 5 ool el caslio
Ot Gl b (i Sl g sl sl o bl
o Sl VL (55l Aol Y j 4 ey 9 5
o o515l (uSileo Lol tmlS oayl56sy, 3l s cyvod
A 42y WOy odd ool Lidg diged Wb o yiul3dl
St IS oy 5SSl J5SS ojluil e

2 diges plw 4y Cowd

o g bl —Y

Ly g alaio daw g daw LSl —\-Y
Dby sbodises I pdug) (S9ySIl CgSugSue yglias
IS5 30 (428> V0 5 Ve ) calisee (sl ylo; jd e 03l
oyl Gids Lol dasuin .cwl il ob)gi z—<lh
3 dm e olowdl (g S yganlinns] 45118 Loy o
Zo—= 5l aS cwl olmo s oS sl g sl
89y LhoT Lol 9 Az dLmJULf 5! Loy slasls

2ibe T Glg e e S 4 Gibsy o

Jol alsyo )3 25, el al>po 4y 1) g ol &
o JSts Sl cnsls s @ s sl UK
Lo Ul ol S5 an a¥ o ) (5L polie 5 25
b slagg L U polie aolal )0 2505 o0 008
g «ale )3 g Wigd oo dpuST g 03l STy g S
3 CaddgyiSll Lags g by Jiudgy gl 4y 00D S

Jgime 45 s 455 gl JUIS oyl &8ly )3 .20 oo

AiB3 10 (g) )+ () D () (2O iubgy Caliseo SOk ) g (w9 (S9SN Sy sSuo i obas —) JS&

\A

1F e Olino ¥ soless 1. (0093




e (Sl B Slomy] (Suol g (S gy (53,95 U8, 1 B3 Giwigr (yloj i

\+

(7]
(]

(J.n.nsjim) u‘:.ﬂ:- oj‘.\.ﬂ

1.2

& o e il | e ey [
1A
64 2
T 3
+ F
51 1 i
45 - ] I
I B al
1y 3
Ty

t10

(7]

t

t15

walises slaol ) )3 82l Sloul slajiibes Joudsd 305 9 8jlail 1 bgs po  Sgiw Jldgei -V S

By )l adss sl JUlS 51wl peel, YU cslod
el (S| by LSS 5 A8 gey o (555 9
Amd

g S0 e i iy —T-F

loml by 5l Grazing (be) 4 (uSelgyy (3ln o5l
ol oad odly L ¥ S j0 aads Ve lej pd o
A Grazing g, 4 Sl Bl 9N b

Oibg > (@bl S oama i (o e Slles
5 42Y ) oM @90 il MO 51 sl S92y ol
= ogdle b sloysly Hbale 3wl ] s s
wlwlid 35 Mgs(PO4)2 ;L8 (¢,lade MgO (sloysls 58
O?—tﬂ O oSy 5l (S Mga(POs)2 518 dg35 .03 )5
Il 5l Jols asls b Slawd S 3l Jobs sla
5351 o 658 S SIl lase Jlosl 515 sl Y 5
251 o 4 g xSl 3 3990 PO4s™ (slan g0l 51
0598 Ly 4l Lo JUS o 50,5 oS

ol sl ghyls a > 8T a 28>0 ooy i bg 4 gl
2 odbodld gy diged 4 Cund (5,5 S oS (sl Jodsd
1 el 15 o] ola s sluss Lol el 4igdy Ve
=S 4B Ve loj e )d ol 03> Lidgy diges

Sy 1y Jodss sus s
3D 04 .)l.’>o| dhwy éjao.a Cjaw )JsLa.v =3 ) Jiw
O owlie  (Siwgn o o ol |y calises sla o
sdaliio 45 job lon 0)l> 399 Y g b yiddgy den
S idy Culis (a3 oloj (Rl L ded
b by dadd O o) Sdo jd b o Lil38l  Solpuo
il L sl Cundds yieg e Vo /0 Cunliis uSikie
Dby sl 2l Celbes (ke (23 kg (o)
2l ey & aadd N0 5V lale; e 43 ol Db
A Coles ilidl ol il jiog S Yo /Y 5 VYA L
Sy sl 5L laglej ) (558 ) Sy taljl L
5 YL 5L aladd 2 obul 4 e YL ()82

1€ Ol ¥ olods Ve o9 YY




Syl g owigeo 9 e

Laiged (59,95 503, —F
(2o g I uitirnol (s 9037 —1—F

b 903l 5 Juols Gl sla oo Al ¥ S
5 Uibey g e sl (plrendg Sl uiligel (oxi
ol |y calises slaylo; )0 onds ooy iy (sladiges
Cromud j (uilipel s Cuand dyldgad (pl 2> 0
SBF Jsleo 55 (5)9alose ads Yo 5l uy ol (09250
Wdpd o s (@l =F) CumsSOb HIbges ol 04 puo)
a1y ol QU1 IS, S (idgy (g iges &S
5 (S 4 Cuglie Cle 4 0 SIS 050 JpS]
5 oy 4¥puj a5 00,5 joe ol Jlodiny s Jslore
lp Can gl oo D9 oo LI LS, Gop el

) dalsn i g0 gy o odly i g (sladiges

Ol

dloul dy e Byl cpl 5l g 0l STy 3)ls Mg?* sl
lord cS 5 )3 5 g S9L cl Cunl by,

= Mg3(PO4)2

«HA

AMgO

[ 8

(20) 2y
O3 3 Grazing G 4 puSoles p Gl oS -V JSi

(2 b gy B> ) - Oloj

100000
R, L 500 ¢ . « AZ3l
L 400 £
3 I 300 £ t5
,-3 80000 T 500 £
b - 100 £ Tt
% R -
i, 60000 | -100 § s
= i -200 = —Fitting Data
K3 I
% r 4
3 40000 +
1 o ]
% 20000 + / . 2
2 I
A :
0 S S e e P
] 20000 40000 60000 80000 100000

(20 5o (il jo al) i puiliel

Usloe S Sl e () wcibizeo olej 13 523 5313 gy (SBLg05 9 AZILB ST Canny $S0b () gioio —1F JSo

lb&;u»y L;'U” I8 ilwdswe ),h.o‘b

Yy

1€ Ol ¥ oo 1+ sd09




e (Sl B Slomy] (Suol g (S gy (53,95 U8, 1 B3 Giwigr (yloj i

e pd ol 03> b dges 0,8 ] (53,8 blie jo
VE) A3 Y Ceoglio o 5 i gyl alds Ve e
FYN) 2yl 4Y Coglio g (gmye yia Lo wal ks
52093 U8y (ke 45 )3 5 (mpe sl ol 5hS
ged Sl o (2B 9 B0 Y Cuglie (508 29

W odalie 42y VO loj de jd ol odly iddey

Swolia S gl o9 a3 32 (39037 —Y—F

Ohdgy 9 rdigel Seolindguemiliy (yamwl i )My o505
ULM...’ I JS_..; FRIRRY )L»M J?bu 2 des L;])lb 9
ovgy il eolaiwl L (59,55 by JBs .l sadedls
= o9y o=l eslawl b &S Lol Cawddy J36 oL gy
Jlosl b3S (680310 Tad 1y ygmal iz Canglio g5
sla e AZ31B LT (9, (Siolyur (sl i dg
Lo icds dod dn booje Sholudguuily (omls D
ol S5 g pbie Jawily Caaw 4 Y 5 4 s
Jlosl b &S smy o ol el izl JUEs) 568 55,65
0ddy £5-85 sl (Seoliodge s el (Seolpus Siigy
Sl 5358 St & Jb s el JlsEl 55,65

Ldl
b 0 S l eadig] il (olesig xSl cleMb
SOy ol JLSe g (Ecom) (5305 Jouily
s dbses aw y Wloa s a3l Y Jgas ) (icorr)
ages L dualie ) (650t (5055 4 Cuglie (b
4o Coglio ialdl coly (a2 JB joba (a3 bdy,
0> iy diges aS ol Ll gl b Y (50,95

ol LK TS adds Ve loy s 0

Y 4o by pe YU sla kS8 )5 oad ol dils
¥ 4 by (b lowlS )8 3 9 ()1 Jodous
2 Laddls y hd dwldo L [V —YY] cul 131 Ll
aS 5, S sdaliin e o 0ad &) CuwsSOU (sl lrges
O Ol 4Bd Vo ylej e 3 ol 03Dy iy diges
S0 diged 90 du Can |y ()18 5 (BB &Y Cuoglis
=SS s 5l udlasel (slaedly iila s (gl 3yl
Rs ¢ Jolso jlaie ol o ad eolail o =¥ S5 Joleo
Rinner (g yo 3958l 5 (ldgy gdaw oy Jolowe Cuoglie
ais 9 (S3)95 & Cueglie 4 bgiye i 5 4 Qinner 4
4 Qouter g Router 5 31y 03,58 auY <l (556
Cb (G518 pmaie 5 (55 4 Cuaglio 4 bgye iy
ool clalodl polie Wiagy 215 Jodsce aY

J3l2o 30 jl 330 T w3 Guilauol sl il )b —F Jga>

Router Rinner G

(kQ cm?) | (kQ cm?) ’w
/¥Y - AZ31B

\0 Y0 t5

VIV Vs t10

¥ 7 t15

XA Cuoddy sl o3 (g5l Jso 5l Jols s ¥ Jods
o =¥ Jd Jolse Hlae bawgs uiliwel  oriwcads
5L (35)95 Cnglio 48 oly LS guls e o oLis
Y Coglie Hlade .8l il yids Jles! L AZ31B
35S s b i b den (gl (Rinner) 30
by Ll g9590 (pl 29 (Router) >\ &Y Cuoglio

o e clasdlore jd (g 5pe il B WSTye Y &S

1E e Ol ¥ olods Ve o9 VY




Syl ps (w0 9 le

AZ31B ke U1 (S3)55 )13 (5350 yobots alowsdly
Oley ©de ) ol ol ey (plplo iy e deuta )
V) (Sa93 olr e e bl dds V-
@l S 5o L g (e sio sl 2 el YIYY
A pasbe 48,5 g slaioles] (cden j Jols
9 3,18 by (53,08 )5y > (3b5 b Cunlis o

Gl gy Jodod do > 008y ole

&> 50

[1] N. Sezer, Z. Evis, S. M. Kayhan, A.
Tahmasebifar, and M. Kog, “Review of
magnesium-based biomaterials and their
applications,” Journal of Magnesium and
Alloys, vol. 6, no. 1, pp. 23-43, Mar.
2018, doi: 10.1016/j.jma.2018.02.003.

[2] C. Prins, “Engineering Applications of
Artificial Intelligence Two memetic
algorithms  for heterogeneous fleet
vehicle routing problems,” Engineering
Applications of Artificial Intelligence,
vol. 22, no. 6, pp. 916-928, 2009, doi:
10.1016/j.engappai.2008.10.006.

[3] Y. Yang, X. Xiong, J. Chen, X. Peng, D.
Chen, and F. Pan, “Research advances in
magnesium and magnesium alloys
worldwide in  2020,” Journal of
Magnesium and Alloys, vol. 9, no. 3, pp.
705-747, May 2021, doi:
10.1016/j.jma.2021.04.001.

[4] Y. Yang et al, “Mg bone implant:

Features, developments and
perspectives,” Materials & Design, vol.
185, p. 108259, Jan. 2020, doi:

10.1016/j.matdes.2019.108259.

[5] L. Hou et al., “In vitro and in vivo
studies on biodegradable magnesium
alloy,” Progress in Natural Science:
Materials International, vol. 24, no. 5,
pp. 466471, 2014, doi:
10.1016/j.pnsc.2014.09.002.

[6] S. Feliu and I. Llorente, “Corrosion
product layers on magnesium alloys

Yo

1o Ol ¥ oo 1+ sd09

4 3 g (g o Bl el YTV (50,08

D9 (5395 4 Cuglie (p

1.2 +

14 T+

-1.6 T

(_\i,xs 0yl i dg) il

1.8 1| -m-t10

t1§

2 P S O S V1 A U YT S ST R
LOE-09 1.0E-08 1.0E-07 1.0E-06 LOE-05 LOE-04 1.0E-03 1.0E-02

(@asn 30 5lw 53 ol liyr e oI5
23 B by Sl sgauiliy Ogamwl iy Jl3ges -0 JS&

(S294bgs 45 Y jl sy O3 jlwdnd Jglmo

S g jl Jol> Ogaml )M sl o)l -V J9a=>
Sl 3 gaunilly O gaml o)Wy
icorr (A €M)

Ecorr (MV) 4 gos
-\/v AIXYxy AZ31B
-\/F) \Ar AT t5
-V/f4 Y/Pexy t10
—\/b+ 4/A) Xy t15

S 5 4 —0)

S5 peleS e plos Sl (hagk el
B o 2350 e Sl g o0 Sl (sla sty
Olej e 50 ol Dbl gy aS ol LS ol .8 )S
o> cnpnS L sl oo pSeSTiie by addan -
L S0l niomen 35 (o )3 ¥/0) Jsdss
Os—l32 )M 5 (alroa—B9 S (il (il
s S (pgrmlinnsST A1 )5 o8 oy Lt Saliy gty



e (Sl B Slomy] (Suol g (S gy (53,95 U8, 1 B3 Giwigr (yloj i

[14]

[15]

[16]

[17]

[18]

[19]

and K. Babaei, “Effect of particles
addition to solution of plasma
electrolytic oxidation (PEO) on the
properties of PEO coatings formed on
magnesium and its alloys: A review,”
Journal of Magnesium and Alloys, May
2020, doi: 10.1016/j.jma.2020.05.001.

S. Fatimah, M. P. Kamil, D. I. Han, W.
Al-Zoubi, and Y. G. Ko, “Development
of anti-corrosive coating on AZ31 Mg
alloy subjected to plasma electrolytic
oxidation at sub-zero temperature,”
Journal of Magnesium and Alloys, Aug.
2021, doi: 10.1016/j.jma.2021.07.013.

N. Nashrah, S. H. Baek, and Y. G. Ko,
“Nucleation and growth behavior of
coating film on Mg-Al-Zn alloy with
different surface topographies via plasma

electrolytic ~ oxidation,” Journal of
Magnesium and Alloys, Jul. 2021, doi:
10.1016/j.jma.2021.06.009.

T. Wu, C. Blawert, X. Lu, M.

Serdechnova, and M. L. Zheludkevich,
“Difference in formation of plasma
electrolytic oxidation coatings on MgLi
alloy in comparison with pure Mg,”
Journal of Magnesium and Alloys, May
2021, doi: 10.1016/j.jma.2021.03.017.
A. Fattah-alhosseini, M. Molaei, M.
Nouri, and K. Babaei, “Antibacterial
activity of bioceramic coatings on Mg
and its alloys created by plasma
electrolytic oxidation (PEO): A review,”
Journal of Magnesium and Alloys, Jul.
2021, doi: 10.1016/j.jma.2021.05.020.

Z. Li et al., “Creating high-performance
bi-functional composite coatings on
magnesium—8lithium  alloy through
electrochemical surface engineering with
highly enhanced corrosion and wear
protection,” Journal of Alloys and
Compounds, vol. 818, p. 153341, Mar.
2020, doi:
10.1016/j.jallcom.2019.153341.

J. Chen, Y. Zhang, M. lbrahim, I. P.
Etim, L. Tan, and K. Yang, “In vitro
degradation and antibacterial property of
a copper-containing micro-arc oxidation

[7]

[8]

[9]

[10]

[11]

[12]

[13]

AZ31 and AZ61: Surface chemistry and
protective ability,” Applied Surface
Science, vol. 347, pp. 736-746, Aug.
2015, doi: 10.1016/j.apsusc.2015.04.189.
R. Chaharmahali, A. Fattah-alhosseini,
and K. Babaei, “Surface characterization
and corrosion behavior of calcium
phosphate (Ca-P) base composite layer
on Mg and its alloys using plasma
electrolytic oxidation (PEO): A review,”
Journal of Magnesium and Alloys, Aug.
2020, doi: 10.1016/j.jma.2020.07.004.
M. S. P, R. K, and S. N. TSN,
“Controlling the rate of degradation of
Mg using magnesium fluoride and
magnesium fluoride-magnesium
phosphate duplex coatings,” Journal of
Magnesium and Alloys, Jul. 2021, doi:
10.1016/j.jma.2021.06.005.

X. Li, X. Liu, S. Wu, K. W. K. Yeung,
Y. Zheng, and P. K. Chu, “Design of
magnesium alloys with controllable
degradation for biomedical implants:
From bulk to surface,” Acta
Biomaterialia, vol. 45, pp. 2-30, 2016,
doi: 10.1016/j.actbio.2016.09.005.

S. Pommiers, J. Frayret, A. Castetbon,
and M. Potin-Gautier, “Alternative
conversion coatings to chromate for the
protection of magnesium alloys,”
Corrosion Science, vol. 84, pp. 135-146,
Jul. 2014, doi:
10.1016/j.corsci.2014.03.021.

T. S. N. Sankara Narayanan, I. S. Park,
and M. H. Lee, “Strategies to improve
the corrosion resistance of microarc
oxidation (MAQ) coated magnesium
alloys for degradable implants: Prospects
and challenges,” Progress in Materials
Science, vol. 60, no. 1, pp. 1-71, Mar.
2014, doi: 10.1016/j.pmatsci.2013.08.002.
M. Ali et al., “Surface modification and
cytotoxicity of Mg-based bio-alloys: An
overview of recent advances,” Journal of
Alloys and Compounds, vol. 825, p.
154140, 2020, doi:
10.1016/j.jallcom.2020.154140.

A. Fattah-alhosseini, R. Chaharmahali,

¥ ol Ve g9 VP




[26]

[27]

[28]

[29]

[30]

[31]

[32]

Syl ps (w0 9 le

185, 2016,
10.1016/j.surfcoat.2016.02.006.
R. Chaharmahali, A. Fattah-alhosseini,
M. Nouri, and K. Babaei, “Improving
surface characteristics of PEO coatings
of Mg and its alloys with zirconia
nanoparticles: a review,” Applied
Surface Science Advances, vol. 6, p.
100131, Dec. 2021, doi:
10.1016/j.apsadv.2021.100131.

T. Monetta, P. Parnian, and A. Acquesta,
“Recent advances in the control of the
degradation rate of PEO treated
magnesium and its alloys for biomedical
applications,” Metals, vol. 10, no. 7, pp.
1-18, 2020, doi: 10.3390/met10070907.
Z. Shahri, S. R. Allahkaram, R. Soltani,
and H. Jafari, “Optimization of plasma
electrolyte oxidation process parameters
for corrosion resistance of Mg alloy,”
Journal of Magnesium and Alloys, vol. 8,
no. 2, pp. 431- 440, Jun. 2020, doi:
10.1016/j.jma.2018.10.001.

R. Chaharmahali, A. Fattah-alhosseini,
and H. Esfahani, “Increasing the in-vitro
corrosion resistance of AZ31B-Mg alloy
via coating with hydroxyapatite using
plasma electrolytic oxidation,” Journal of
Asian Ceramic Societies, vol. 8, no. 1,
pp. 39-49, 2020, doi:
10.1080/21870764.2019.1698143.

G. Barati Darband, M. Aliofkhazraei, P.
Hamghalam, and N. Valizade, “Plasma
electrolytic oxidation of magnesium and
its alloys: Mechanism, properties and
applications,” Journal of Magnesium and
Alloys, vol. 5, no. 1, pp. 74-132, Mar.
2017, doi: 10.1016/j.jma.2017.02.004.
M. Toorani and M. Aliofkhazraei,
“Review of electrochemical properties of
hybrid coating systems on Mg with
plasma electrolytic oxidation process as
pretreatment,” Surfaces and Interfaces,
vol. 14, pp. 262-295, Mar. 2019, doi:
10.1016/j.surfin.2019.01.004.

S. Farshid and M. Kharaziha, “Micro and
nano-enabled approaches to improve the
performance of plasma electrolytic

doi:

\A 4

Ve

Olisj ¥ oo 1o 0,9

[20]

[21]

[22]

[23]

[24]

[25]

coating on Mg-2Zn-1Gd-0.5Zr alloy,”
Colloids and Surfaces B: Biointerfaces,
vol. 179, no. March, pp. 77-86, 2019,
doi: 10.1016/j.colsurfb.2019.03.023.

W. Yu et al, “Novel fluoridated
hydroxyapatite/ MAO composite coating
on AZ31B magnesium alloy for
biomedical application,” Applied Surface
Science, vol. 464, no. September 2018,
pp. 708-715, 2019, doi:
10.1016/j.apsusc.2018.09.148.

M. Molaei, K. Babaei, and A. Fattah-
alhosseini,  “Improving the  wear
resistance  of plasma electrolytic
oxidation (PEO) coatings applied on Mg
and its alloys under the addition of nano-
and micro-sized additives into the
electrolytes: A review,” Journal of
Magnesium and Alloys, vol. 9, no. 4, pp.
11641186, Jul. 2021, doi:
10.1016/j.jma.2020.11.016.

T. W. Clyne and S. C. Troughton, “A
review of recent work on discharge
characteristics during plasma electrolytic
oxidation of various metals,”
International Materials Reviews, vol. 64,
no. 3, pp. 127-162, 2019, doi:
10.1080/09506608.2018.1466492.

F. Chen, Y. Zhang, and Y. Zhang,
“Effect of Graphene on Micro-Structure
and Properties of MAO Coating Prepared
on Mg-Li Alloy,” vol. 12, pp. 6081-
6091, 2017, doi: 10.20964/2017.07.59.
Y. Gu, S. Bandopadhyay, C. F. Chen, Y.
Guo, and C. Ning, “Effect of oxidation
time on the corrosion behavior of micro-
arc oxidation produced AZ31
magnesium alloys in simulated body
fluid,” Journal of Alloys and
Compounds, vol. 543, pp. 109-117, 2012,
doi: 10.1016/j.jallcom.2012.07.130.

X. Lu, C. Blawert, M. Mohedano, N.
Scharnagl, M. L. Zheludkevich, and K.
U. Kainer, “Influence of electrical
parameters on particle uptake during
plasma electrolytic oxidation processing
of AMS0 Mg alloy,” Surface and
Coatings Technology, vol. 289, pp. 179-



e (Sl B Slomy] (Suol g (S gy (53,95 U8, 1 B3 Giwigr (yloj i

[33]

[34]

[35]

[36]

oxidation coated magnesium alloys,”
Journal of Magnesium and Alloys, Dec.
2020, doi: 10.1016/j.jma.2020.11.004.

G. Rapheal, S. Kumar, N. Scharnagl, and
C. Blawert, “Effect of current density on
the  microstructure and  corrosion
properties of plasma electrolytic
oxidation (PEO) coatings on AM50 Mg
alloy produced in an electrolyte containing
clay additives,” Surface and Coatings
Technology, vol. 289, pp. 150-164, 2016,
doi: 10.1016/j.surfcoat.2016.01.033.

R. Chaharmahali, k. Babaei, and A.
Fattah-alhosseini, “Corrosion Behavior
of Calcium-Phosphorus Coatings on
AZ31B Mg Alloy by Plasma Electrolytic
Oxidation in Hank’s Balanced Salt
Solution,” Analytical & Bioanalytical
Electrochemistry, vol. 11, no. 6, pp. 703—
714, 2019.

H. Tang, T. Wu, H. Wang, X. Jian, and
Y. Wu, “Corrosion behavior of HA
containing ceramic coated magnesium
alloy in Hank’s solution,” Journal of
Alloys and Compounds, vol. 698, pp.
643-653, Mar. 2017, doi:
10.1016/j.jallcom.2016.12.168.

J. Yang, X. Lu, C. Blawert, S. Di, and M.
L. Zheludkevich, “Microstructure and
corrosion behavior of Ca/P coatings
prepared on magnesium by plasma
electrolytic oxidation,” Surface and
Coatings Technology, vol. 319, pp. 359—
3609, Jun. 2017, doi:
10.1016/j.surfcoat.2017.04.001.

s Ol ¥ soileds Ve o9 YA




Iranian Journal of

Ceramic Science & Engineering
Vol. 10, No. 4, 2022

Effect of Coating Time on the Corrosion Behavior of
Ceramic Coatings Containing Hydroxyapatite
Nanoparticles by Plasma Electrolytic Oxidation Method
on AZ31 Mg Alloy in Simulated Body Fluid

Razieh Chaharmabhali?, Arash Fattah-Alhosseini>*

1Ph.D Student, Department of Materials Engineering, Bu-Ali Sina University, Hamedan, Iran
2Professor, Department of Materials Engineering, Bu-Ali Sina University, Hamedan, Iran

* a.fattah@basu.ac.ir

Abstract: In this study, the effect of coating time on the microstructure and corrosion
behavior of AZ31 Mg alloy coated by plasma electrolytic oxidation (PEO) method has
been investigated. For this purpose, phosphate-based electrolyte containing hydroxyapatite
nanoparticles was used at different times of 5, 10 and 15 minutes. The surface properties
and chemical composition of the coatings were investigated using scanning electron
microscopy (SEM) and X-ray diffraction (XRD) pattern. The corrosion properties of
coatings in the simulated body fluid have been studied by potentiodynamic polarization
and electrochemical impedance spectroscopy tests. The results of this study showed that
with increasing the coating time to 15 minutes, the size of the pores and the thickness of
the coatings increased. The coating created in 10 minutes has the lowest percentage of
porosity among the samples. The results also showed that the coating created in 10 minutes
had the lowest corrosion current density (2.33 x 10 A/cm?) among the samples.
Keywords: AZ31 Mg alloy, plasma electrolytic oxidation (PEO), corrosion behavior,
electrochemical impedance spectroscopy, potentiodynamic polarization.
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Abstract: Ti3SiC, bulks were synthesized using Si melt infiltration into porous preforms
with different compositions. The initial composition of preforms was prepared based on
TiC, 2TiC/Ti, 3TiC/0.3Si, 3Ti/2C (carbon active) and 3Ti/2C (graphite) formulas and
prepare pellets by cold pressing. Si ingots were weighed three times the stoichiometric
amount and placed on the pellets to perform the melt infiltration process. The melt
infiltration process was performed at a temperature of 1500°C for 1 hour in a vacuum of
10 torr. Phase analysis and morphological observation were performed by XRD and FE-
SEM, respectively, and it was observed that the best result was related to the sample with
3TiC/0.3Si preform, while the samples with 3Ti/2C preform had a large amount of
impurities. It was also found that the average size of nano layers observed by FE-SEM
analysis is 38.58 nm, which is in the nanoscale.

Keywords: Reactive melt infiltration, Porous preform, Ti;SiC, bulk, chemical composition
of Preform, Nano-layered ceramics.
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Synthesis and Properties Evaluation of Tib, Nanoparticles
Produced by Sol-Gel Method
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Abstract: In this study, TiB; particles were synthesized by sol-gel method in nanometer
size. First, the sol was prepared in a four-component system of alkoxide -boron carbide-
water-alcohol based on the sol-gel chemical process under acidic conditions at pH=5.
Titanium tetra-isopropoxide and boron carbide were used as raw materials. After
hydrolysis and gel formation followed by heat treatment, TiB, nanopowder product was
prepared. The effect of pH and temperature parameters on the synthesis process of these
nanopowders was investigated. To evaluate the mechanism of product formation in the sol-
gel process DLS, Zetameter, SEM-DTA/TG-XRD-FTIR analysis methods were used. It
was shown that by controlling the pH in the range of 5, precursor particles containing Ti
sources was below 10 nm. The FTIR data showed that the powder prepared at 900°C had
boron and titanium bonds and detected carbon bonds in the range of 1100- 1650 cm™. DTA
analysis showed that the early nuclei of TiB; particles formed in the range of 1380°C. This
was confirmed by X-ray diffraction studies and was completed by increasing the
temperature to 1430°C in TiB; crystalline phase. SEM microscopy images showed that the
synthesized TiB; particles were in the range below 100 nm with a narrow and uniform
distribution amplitude.

Keywords: Synthesis, Titanium diboride, Sol-gel, Nanoparticles.
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Abstract: Zinc oxide is one of the most widely used and important materials in today's
science and industry. In this study, ZnO nanoparticles were synthesized by hydrothermal
method. Zinc acetate, citric acid and deionized water was respectively used as a source of
zinc ion, solvent and chelating agent. In this study, the effect of citric acid concentration as
an additive on morphology and particle size of ZnO was studied. The synthesized powders
were characterized by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM),
Infrared Spectroscopy (FTIR) and specific surface analysis (BET).The results of XRD
analysis showed, the final products have hexagonal structure and are Single-phase.
Increasing additive concentration changes the intensity of peaks and crystallization
rate.The results of FTIR and its comparison with existing functional groups confirmed the
absence of citric acid in the final product. And the functional groups are just related to pure
zinc oxide. SEM images showed that the use of chelating agent affects the growth of
particles and morphology. BET showed noticeable changes in the specific surface area of
synthesized samples in the presence of chelating agent.

Keywords: Zinc oxide particles, Hydrothermal synthesis, Chelating agent, Citric acid,
Morphology.
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Abstract: WC-10Co cemented carbides containing 1 to 4 wt% SiC nanoparticles were
prepared by spark plasma sintering. The effects of SiC content on microstructure,
mechanical properties and wear resistance of the sintered materials were studied.
Microstructural studies showed that SiC addition resulted in WC grain coarsening. In
addition, the hardness decreased with increasing SiC content. However, the fracture
toughness and wear resistance significantly improved with SiC incorporation. The lowest
wear rate (1 mm?®/m) was attained for the nanocomposite reinforced with 2 wt% SiC. In the
unreinforced cemented carbide, the extensive plastic flow of the Co binder and WC grain
pullout led to a high wear rate (23 mm®/m). In the nanocomposite samples, solid solution
strengthening of the Co binder by partial dissolution of SiC particles decreased the degree
of plastic deformation on the worn surfaces. In addition, coarser WC particles within the
nanocomposite samples exhibited a higher resistance against pullout resulting in enhanced
wear resistance.

Keywords: Cemented carbides, SiC nanoparticles, Grain growth, Fracture toughness,
Wear mechanism.
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Abstract: Smart materials have been used extensively because of the need for new energy
sources. One of the most important types of these materials is the CuxO/blackTiO;
heterogeneous photocatalyst semiconductor. In this study, copper foam was used as a
substrate and by performing the anodizing process in a solution of one molar of sodium
hydroxide under pulsed and direct currents, a CuxO layer was formed on the copper foam.
Then, in order to prepare black TiO,, spin coating of TiO, sol was used and the samples
were calcined in argon atmosphere. The results showed that the use of pulsed current led to
the formation of Cu,O with octahedral microstructure and the contact angle of this
hydrophobic oxide was determined to be 121.85°. While, surface pits consisting of Cu,O
and CuO oxides were formed with a contact angle of 127.85°under direct current. After the
copper oxides were coated by black TiO,, the photocatalysts produced had a high
hydrophilicity and passed water rapidly. Under these conditions, the energy gap was
determined for the sample prepared by direct current 1.95 ev and for the sample prepared
by pulse current 2 ev. Obviously, according to the results, the built-in photocatalyst
semiconductor will be a suitable option for use in systems for degradation of dyes using
visible light.

Keywords: Photocatalyst, nanocomposite, copper foam, wettability.
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