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Avrticle Information Abstract

Original Research Paper Zn-based alloys (Zn) with control of the production process have the potential to give
Dor: rise to a wide range of properties required for use in short-term implants. For this
20.1001.1.24233226.1401.16.4.2.5 purpose, in the present study, a Zn-4wt%Mn alloy was prepared by mechanical
Keywords: alloying in three times of 10, 20 and 30 hours. Then some blocks were made by Spark
Zinc-Manganese Alloy plasma sintering (SPS) process. Heat treatment of manufactured parts was performed at
Spark Plasma Sintering three temperatures of 150, 200 and 250 ° C. The samples were characterized using
Mechanical Alloying XRD, dynamic polarization corrosion test and MTT cell viability evaluation. Also, the
Biodegradable surface morphology of the samples was determined using scanning electron
Heat Treatment microscopy (SEM). The results showed that increasing the milling time to 30 hours

created a more homogeneous composition, and the heat treated sample at 250 ° C had
the highest corrosion resistance. Cell viability of the heat treated samples at this
temperature showed higher viability than other samples. The results of this study are
expected to be used in short-term implants.

dles solawl b3 &l slallds ol @ gl ) (6l

Please cite this article using:
Nahid Hassanzadeh Nemati, Mohammad Babaei, Erfan Chizari, Davoud Malek Pajouh, Mechanical Alloying and Fabrication of Zn-4Mn Fragments Produced By SPS
Method for Using in Short-Term Implants, New Process in Material Engineering, 2023, 16(4), 17-25.



OB g (o 00l ) s

e yd 00l yakiie 43 SPS &3 ,b 5IMN4-ZN 5T olahad e bw g (SlSo (65w 50T

el 149780 ol b oss) B s i A
Sy T 5 G sl 015 oo 1) Guloss o) 45T Lisls
Sl (6 i S S an) 03 K3 Slihos
s hale3T s 0T 4 S s et 55 sla3UT
st oMo 4T W5 ST o Lal (S sl plonil | <850
Sl b oawlis s ( Say b Sl eds 3T Zn
G LIl Gl (S5 Jeos BB Ol
s S 255 gpama 5 AT 51 WL (Ssy 0 o
s BOT ol e 186 e & ad 5L
o3lizal ikl &K Ol e SIS oyl 5l BT &S w §
Li el sl pew 2SSV Jlasl Lo gd
2y A5 ST (gl gmalie o Sl ol
n S ol b 5l [\A] dib e Mg 4l
S 0T lp O el S8 Loy el

[P0 O] el Cand Syl ibas
50U el (s Sl (S50 e &G (MIN) 5
Dl 4 g b ASloe O p e 53 5T ¢l
O 5 i ganlllas 53 (Olbiaisls Law g o ol
5 1 S35 Ao ¥ LZN-AMN UT el 55 5
S emsg Sase 58 S35 Meys YF L (ZN-24Mn)
L Mg-Zn-Ca-Gd UT Wy (iiss 5 [Y]cs S
53 szl sbtea, Mg65Zn30CadGdl sles .S 5
GHLSUT T3 G b 51 (S Soutasl 57 glas )8
Bos i 55 [YY] 268 15 sy 3y SSSG
5 S LUT T gk 5 Zn-Mg 5UT
D] s e (SO ol 0 5 siteny o5 20
lerd oS5 L MG-Zn-Ca SUT iass 55 omomer
9 s il &b 31 Mg-Zn-Ca-10Carb-630
Sl 5,8 53 eslimal bteay b O sen
ST ol CujsnlS A5 (6l 5 Y] b sl
o S gl sle 3UT s, 5 Mg-Zn-Mn-HA
ST oS 5 [Y0] A 03Linul SPS (g 5 AT 5 o yan
LT &b 5l Zn-0.8Mn-0.4Ca  ,dcs 55
65 ;IS 5,5 e 5 (hOt eXtIUSION) £ 8 0055 28

F oyled o) Olis) 330 wikign 35 op 5 SladnT 3

Aok — )

sl 0T G3UT 5 S8l s D6 o5l
Llos Sy (55 5 (B 5 S5l Gladin] 5o Gok
o opl 3 6ok Dlades ol pl Coeal s 4
Al il Aol ST ol @8 O
Losa b 6,85l 0355 (oo dbor 1 2l S 325 Il
RSP S W (TI g WICHNG PN TRC V5 P
s sm polie b WIUT ul ST il 0 Lasme s
Sl sl ey 8 Do ol 53 Bl 55 O 3
Slados Syl 4 b g dial (S5 slas
S Ol AT 5 e wly GLSUT ) 2 ol
ol @l S el B Sy pdcs il
Fr 0o V5 K el Sl
o er 4 ol WIUT ol (Say 5
i 3 s Foml cuAS FA L sy wl sWUT
Sy Gt shnf e S Cale
LYV s il A ) slas )8

L) 5 e plie 5l So55 5 DS jaie & s,
ol o3l 5 Jale G Ol o oDl g 0 1 S5k
5 565 JSU L3y OSY Wk Lo 5T 1
S5 Calibe (o T 5 3 ¢l et RNA s DNA
ST & S ) GLSUT [0-Y] 3505 age 28
Wl (S AT A e O Dlale 55 0wy
Sl e LT SGKG Caslin oS Sl ome Ol !
969 (87 O] 255 Las g9 B Ol Gl
Ase Olgea o5 sl 2,08 iy OT la3UT
(95 o S okl VYU pdcs S
" Ok Sgdowe 4 e PLRRGIVN P JU;\_}iA
SIS 355 Ry s S| sk A sl
G b ol by e YL el ( SUISG
ol Sy b OMlns e ) odd ailS slge ol &
ole LZN 5 Gbler sbaw SLS 5 19 00 o]
3 (W]l 45 5 515 aallas 5,50 Lol b= s s
S35 SWlbe PA] 0L 5 Sty Y1 JLa



o g o2 0015y

v yd 00l yakiie 43 SPS &3 yb 5IMN4-ZN 5T wlahad e lw 5 (SwilSo (65w 50T

ST Cow ol 4 ladigel 358wl Sdeol S
shies g (56505 Ol Iy 5 4 5 51,5 XRD
w33 1 0T &5l s 5 SO ol ol )
XRD gl 5055 5ol Slles Calizee gles
Lo 5 el (5P 5m g 5 S e ( S35 5

A el 0T (55, SEM

Gei (95 =Y

oPd= LN jsa Jels Eagh nl 53 eslinel 356 3l 5
Merck SleS codijle) 0s,See Vo Sly5 o310 5 744
PY Sly3 oIl 5788 Logks LMD g (OWIT a8
3 (OLIT 528 Merck SlaS codi3le) 05 S
S 5 A Sl Zn s Mn la s g 1anl andlas opf s
G LT oKews 5 5 opss ZN-F/WE Mn
VY g 45)1? o Lk G{:;li,a &l sUT
Obej b sy olal 51 K olniT Sl ds @ 8 L
LT3l ey (SO LSUT T
Ly cele ¥ 5 Y Soglime Ol aw s (6,8 Ol
(’J? S s sl plil 4283 53 593 YOr Lo
VA e T el e s LT O s
@iy Yo N0 e 4 oK )8 OlaT Cela
5 Sl S ksle s ol sbul Syl b As i gals
S35 SUT (56 g LSS sl (58 535 (650
35 XRD) oSGl ansl 3l 09057 Low s ol sl
il 53 b plowil a3 Yol 1 Y O clasl Aol
Cu LFF o&ews <Y  step size = 0.05 deg ;JuT
55 4=1.540598 A

(SPS) Lewdhy s K i Sy S 4ges Sl 1
53 eld GWSUT slays e Pl s eslid
Wt S5 Ly celo ¥ 5 Yool Calises a0l
s S s oKaws 53 814 Oy pon ZN-F/MN
Ll s Cow T3l 4 base 5 38 15 Ll
Voo Gl S Ce ST 0ol & sile a3 YO Lo
VA 6) Jlesl (L gl caids ol S Slo 4o
5095 Ve 658 Cumbn J S s 3 0l s

V4

Clie GIL L &S O iea (Warm Caliber Rolling)
Glaczal bcpdy o 2 Gl Gz cole ol
[Y9] s sl B30 J51s

7 Sao K4 GSUT ole 05 87 Sl Lol Goda
S0 An 2 e Pl s S ol
Sy & (MA) 7SS 5lsUT WY sl
W5 Ol & ol (551 5 5 i 553 o815
ol S o ealp 1 sl (5555 bie 51 K sl4e
b 4S5l OGN (e ST e el 3
Sl 5 5 5 s LOT a5 Ol 6 S5 oss o
o) oS T S5 IV] il las s gy 4 boT g
ST 5 Ol 00 o pladl ol Il > 0T 5
YL 5 ol b abl b adsl sl blsee S b
@Y Sl sl 4 e 558l il 03 503 a3
SIPSS K SPS gy [YA] 38 e adsl jole
2315 O3 Jlasl Sl oS ol 8 25 S
ol 5 el sl yls ola k5 gola sl
S bl S B 65 L5 sl
@b S 55 K S 351 ol S L g sk e
sla b psldbe OAS o5 s daﬁ bug S 5y dals
e Dol s b A5 sl DS S oL
Gl (5,8 Scnl pogdhe 5sh e M5 b S L
Sl Slles [Fe-YA] 355 o Jlesl 55 () eSS
Sl DI ods A0} 03,8 5w 5 035 p 5 Juls
5 et (N (S ol 03,57 Cas
S5l Ol calie S5k 0 ysba
S D 5 213555 (S50 035 e
ST 5o b ol sl el 5 glantsl 5 5 Slles S|
(Rl plp 03 Caslie Vb g pdia b (Olbail Sl
P\ st g e GRIB s S
[PV il r b liin 5 (S ST

I 5 oy B oal p @OUT as S Jhagn ol s
5 SO LT s, b Zn-aMn R s

Gl zslS s eslimal Coa b Lewdly e Ko

£ oylod VF o) Oliws) 3 gn cusign 45 o 3 Sladn T3



OB g (o 00l ) s

ey o3liil jeline 43 SPS 1,5 51 MN4-ZN g3LIT olabad cbbu 5 (Silseo (g 3l

OWIT coile 558 (XRD seifert, pts-3003) .55l
les ST L dbe S5 ol s eslinal
aaly 3 b Sl 5,8 086 5l eslazal b 5 HighScore Plus

092

= (V) ks
3 cosO

e 5 ¢Sy slig B deu=1.54 Acdlws S o5lusiD
ol Sllas il o 5wl 1 5 (0Lly) gl
il 8 (Exciton, Ex-1200) o) 45" ;3 Laas gel
Jemedlty (52555 Jemdlty (s p 5 A oLl 01
LSS oT odsjlu 428 27380 EG&G L ¢Sulus

o slos 35 S Ol gte a3 8 8 O e
55 7SI Ol e ol ags (slad se3 (Counter Electrode)
Ols=ea 1y (HY,Clz) Ju IS 5 (working Electrod) ,i8°
& Sleand Jshoms 5 (Reference Electrod) e 55 S
Eart 3 g8 s 8 s oy SOl e O e
03,55 nd Sl 0 B s e ST L Lasy S
i oaliwl 35 gl 31 laie ST osdle I8 55 Sl
el 03 5udme A5 0313 OLES B 13 g0 3 Laosls ol
S st gy e ¢§M\'Cj',+\‘a~ G-yo.
s (Ecorm) Fsy55 Jouily ado o 8 y5 0 5458
Cged sl 56 O 1 dcorm) Ssy s 0L
alome (V) laly 32 b 51 (S5 5 e o dlons
CR L (mmlyr) 5>, Em el pl53) Sl el
SEW L@ 0¥ ST055.0cor U (MA) Ss, 0L~
siee G 5 Ky Ll ol esls Ol p L (@lem’) azdls

el (3.27%107° MM g/HA cm yr) Jslas 5 <ol

I EW
CR = K, corr (¥) alal
p

ol Ll Olasy 05 ot lasT Low s MTT 40T
MTT Cell Viability .S 31 04057 ool 55 Zdpds
ol eslawwl Assay Kit Made by DNAbiotech Iran

Mg b sad she 5 eslinul 3590 Jolu (g0,

L,\.'.'.:‘ BERE B u‘,}:’.' ‘)j:.wl._v. j.;..u‘ )‘ ol 6)‘““,)" L929

% ojlosd VF o) Olins) 0330 guikiga 45 (2 9 Slaun T

0 s L s Ll s s SISl e F o L
ol 2318 b o JB s dds V0 ke 4 b e
5 agke Vb opled el S 4 s 258
LT3 plasl 5 e 5 ) IS e ags e Ve gl

i oS BB gles 53 aids ¥ Doke 4 ankes

o st L (glad gad slal (V) S

[1em

|
|
i
H

4 SPS g,y 5l s clwT Colu Yo oS G145 505 e
e 4 G il Olsea wbelys g IS
sjyuwdﬂo\yquksaﬁ‘uﬁ@oh&&
Yoo A0 glables 53 Kos wsed a5 038 3 eslizal
Cov 0y S 53 Cele ) e 4 31 8 Slo 4y YO
Sl s 035 ol e 4 23S 15 Sl Slles
Slles rl;;;\j\‘},;uuh,;‘&u; elysl J s
OLL 53 9395 Sl sy ge glales b as a9, gl ~
la 53 5 BUI Gl Cow bidses (3leeSKis Olhes

WLk D)
03l 5528 SIS OLT S SUT Loy a8 )
Lty S lal oSus b badigas ki oslizul Ol
kil i8S (SPS KPF, nanozint 10i) <& x5
4 Giedlim Sl ey odd A5 ladisai S A5 O
Sids Yo sV P osliw gadelS L e
SN Sy S bus olrppsal 5 Nl
el eSSl ol 528" (LEO, 1440 SEM) 2,



o g o2 0015y

v yd 00l yakiie 43 SPS &3 yb 5IMN4-ZN 5T wlahad e lw 5 (SwilSo (65w 50T

- *+MnZns = Mn
-
i bl + MnZnis & Zn
£ a - "
e o SR — Mt rmnieane]
&
e - 20 hours
-~
| 1 - - -
L) J \ M ¥
= 1 b
a
+ - - a

(Position [2 Thets Copper (Cul)

53 0s Ol TZN-F MNgla )5 4 by 0 XRD (b oY) S

ela¥ (C 5 (b o (B ok

SOl T3 bwg (gjleankss 5| XRD (ub
35 5 edd e3> Olas ¥ S 55 (SPS) di‘-&f-‘-i) L3l
it T laeSy wuT b plnil 1 3 L awlis
SUT S5 sS4 OIS b oosie easlia
b okd bl Celu Yo ss 55 MnZne 5 MNZN,y
e 4y 5L3WT 5 SPS Wl 3 51 8 a5 558 o o>

Dgodiisbul Celu ¥

WM +MnZns

-
- 10 hours Az eMazn

a I i -
|

-~
' h
P | S ~wwm‘\~swmw-w.wm "ummmwwm“

i ﬂ‘ 20 hours P

100 - a Aw

- UM’ ‘MWMMLWMWMM
1o Z - A . - & =

. + gk \ W PN W ol

-

LZN-F MN ol s le Slalas 4 b g e XRD ol :(1) S

ks lwT celu¥s (CYe (DY (A:gla,sy 5ISPS iy,

(V) alaly 5 ¥ K8 51 eaTomsay gloosls 4 a5 L
5 0dkd Ol (5UT ankid 53 a6l ladliwy 57 o510l
5 sl 0 B Yr o5l s Celu ¥ 5 Yo cladle jooda
Fasl YA 5 VFF slee 5 o4 ke Sl
bl ) SPS (3, L 4 gad Sl Sl g 1A 2L
S as sbel GFOLS Gladbe S o5l 5 Kea
al,“uﬁusduwéwt,waf%u}:@
SFEHES S S ottty Eel wuT
o2 e 9 JLasl SPS g, Sl eslinul b 34d fuols

AR

5 eyl andl b ol 55 ZN-FMIN (5UT Solabas
Gasyblil & 4 b ks bl TV JSUI L e
o S 4 42 5 L 5 1S010993-5 5 1SO 10993-12
Lo CaSe asle ) ined Ul oz 5 SUT
Sale ¥ a ol &G 4 FBS/Y oyl ,8T oS
o )3TV 55 35l oSST Sl VY 1 s ks L) (b
Gol S Lass (ST (g5 oS U0 5 o1 S sle
03557 s 4 5l k8 5037 ez SUT SET ol
IFF YR VIS 58, 70 bl b oylas (o Kan Jlos
TN 5700 oylas Cpioman 51929 Jshu 51 eslizal
LOT 51 0ga3T cpl 05 &S o3 B dllas slgiis b
VoY bobcde 5o JasleyT cpl Sl ol oslizul
Dok J&s 0505T al plonil (sl oy plowil S5,
s 4 3 ol sl A e ¥ 55 ke d X VT

Ll o a5 gl 45 iS

o g s v
Calizee Oloj aw 3 ki (55lWUT a5 XRD mb
BUSCAPRNERTSTI IR BN CC-RENINCEE SR AR
ok 0313 O (LT Calidea 150 53 534 (5 kL
XRD &l )3 Olg oo 1) MN 5 ZN oy ol
S de OIS b 58 sdalie byl 34 Olgea
< ¢|Jfb_;,MnZnUMnan ©b ols 5 S
Sleide 53 5L SUT a3 ([ Y] ol oslizal b 55
o 08 S eslimal b s gd e sdalie Ol Celu ¥
SEFIY B/ 03L 55 adlws ST o3Ikl (V) daly 3 b )
a3 e ol oo aT s 4 e gl PO SLe
Ly )b GaeSy b 5 58 4 by oS,
ST ol sy 5 5K b on LSS«

sl

F oyled NP0 Y Olis) 3l g0 owrkign 33 op 5 o T 3



OB g (o 00l ) s

ey o3liil jeline 43 SPS 1,5 51 MN4-ZN g3LIT olabad cbbu 5 (Silseo (g 3l

a . |m ’.A'*

EMn eMnZn3
4Zn +MnZni3
PN
* - - -
I Mt Asm i
3 % 50 7 0 %

6
(Position [*2 Theta Copper (Cu))

dn aaks (0 51> Slles 0 aaks @ 51 XRD Calbo:(0) S

ol Sldes 5l

a5 S8 IS Sy 0peiT slagomie sy b
Sl Dllas G50 &K 5 edd Gl Slles 4ses
Seds Jools (1 i) s (el ol w8 e
YO (los y3 aS (glas gos 4S5l Ol (Y) abaly 5 OgeT
o\)'.:aCz;»f&bl;a.\.i&)lfol:lw:\;éu@):
E5 sl Gl Slle Osk G 5 Sy
i Gl Slles glakgel .l g e Sy
G 318 o dry3 Yoo 500 Loy Covi i @
b a8 (o) Ol ol ol Slas 45a 4

.u\.S‘o); G 2

E'vs log(l]
-0.9

Potgntial wv) ]

17 ¢ S
0.000001 0.00001 0.0001 0.001 0.01 0.1
A/cm”2

Sles 33k 4 505 5l 3 PG ()55 1 g0 awlis :(9) S8

ki lales j3 0l Sl Sles Glad gei 5 S~

Foylod N F oY Ol 03] g0 qudige 13 o 5 Saun T

Sl Olles Slaki FSE SEM s slai alis U
318 Sl a3 YO Sl Slhes Cod (545505 okl
“dged 4 Lo S S S 5 e S5 Jdo 4
b aaiia (g gl IUT 1 eslial L K sla
S 53 SOT Sl eds 4,8 XRD LT s s JuoSS
Sl Sldas il L ladipas 47 45 8 otalie ok O
33yl dilods (g oSS ol Slle ol
¢Sy LS o MNZng s MNZN e LS 5 4 b g 0 oS

015 ST oS 5 sl 51 a8 (655 oL
S 53 0k ol Sllas axksd XRD (681 ioman
Slhes 1 ey ol ) adlbual & das L 0L 0
b &S obS ey Lladls st $she Sol
Si b5 L S 5 Ll s 03 55 SO
SLeSy s sdalin e 36 oS s 6 rka

S et 4 S Gk SUT LS S

: o e, M /
_____ A2 LR MM e S
Sl Sllas 89 SUT @ %505 5l SISEM s o(F) S
Slles @ ¥4+ °C 541> Slles (€164°C Syl > Slles (B

X0:°C 5,0~

Y



o g o2 0015y

v yd 00l yakiie 43 SPS &3 yb 5IMN4-ZN 5T wlahad e lw 5 (SwilSo (65w 50T

S5 domi ¢

SUT g ges XRD 03037 51 Jools s 4 a5 L
o3Il 5 Col 3l Bl Ol Cesl Yo 51 s (5l
4) 5SS SPS gy 4 ileankas S| uy bl S
S Sl ok UL 5 (Gl 4Bl 2alS e gl FY/A
Jls! 5 ISl K Fr Jleel 5lis <5 5 amss Ol o
.@\osﬁQTWQJIf

23 edd ol Slles @505 &5 5l 0L SEM ;s sl
Wil o S glaeS 5 glls o8 Sle ax 5 YO gles
sl 4 cws 0T SYL ;3)}5- o Coglas Ceb &S
el 0l A gai

~55 T & ol 0T 51 S Jols s S5 5bay
S35 3 SO 5LSUT Sl s 45 Zn-FMn 5
ol Slhes (LSS anT 5 ol er 40 SPS sl
Py 5m (55 0503 Deeli S slas )8 (6l Ll e

oS

&ip-0
[1] E. Mostaed, M. Sikora-Jasinska, J. W. Drelich
& M. Vedani, "Zinc-based alloys for degradable
vascular stent applications," (in eng), Acta
Biomater, vol. 71, pp. 1-23, 2018.

[2] P. S. Bagha, S. Khaleghpanah, S. Sheibani, M.
Khakbiz & A. Zakeri, "Characterization of
nanostructured  biodegradable  Zn-Mn  alloy
synthesized by mechanical alloying,” Journal of
Alloys and Compounds, vol. 735, pp. 1319-1327,
2018.

[3] K. Soetan, C. Olaiya & O. Oyewole, "The
importance of mineral elements for humans,
domestic animals and plants-A review," African
journal of food science, vol. 4, no. 5, pp. 200-222,
2010.

[4] D. Zhu & et al, "Mechanical strength,
biodegradation, and in vitro and in vivo
biocompatibility of Zn biomaterials,” ACS applied
materials & interfaces, vol. 11, no. 7, pp. 6809-
6819, 2019.

[5]1 Y. Yang & et al, "Metal organic frameworks as
a compatible reinforcement in a biopolymer bone
scaffold,” Materials Chemistry Frontiers, vol. 4, no.
3, pp- 973-984, 2020.

Yy

Opotical Density

o
[N

b as (S35 55 05057 b amlio 1)) sk

& o “ Sldas slas
&;°JP ;5)556 (V)‘J‘f;é‘ . é)'f
2 3)
(mm/yr) (Alem* 16%) > (815 FL)
Oldos 9N
-134 Voo S Tiad £AS oI
Gl
«IAY -\/ve -8
AR Y. =\/ry Yoo
A\ 10 -1/ Yo

e 2 Q@
o W o o

e o o
w =W

e
(=T

axks 100 o jlas 358 0 odalin V a0 55 &7 boles
Jol 55 4 4 (5)l8, dald (2da 555 > ol (G5UT
s 1y e Johe J&s 8 ol o3 g o5 Sl L
osbas Lok plil 05ajT L awlie 5o Ll (ol o3
S e b s S S5 F s Ol TN
G35 Loy Shle Ol L& I3 L ZN-FMn SUT YL
Sl g ad) 1o Jshe Jood Olpe 5l 655 4S5
TN Gojlas 55 seh o e Sl 5 AS, alS

il patia JalS ) bay al l SUT
Oljee ) 4 55 Ly b 70 o)l joses o Ll
bty oo B4 Y0 laobiode js Johe Sl
b (g5 Sl 4 Ol5 e Gl GlaosesT el
Slgdal by 2ilS Dol S (Glas 58 55 i astla

=

.vb_ajf

(0S%UNP-uUZ

(0s%)unp-uz
(0s%)unr-uz

(00T %)UN-UZ

(00T%)uNb-UZ

Day 1 Day 3 Day7
LY 50 cbaias o bk sei MTT 0 05T Sls 5 1Y) IS
ke glac ok

F oyled NP0 Y Olis) 3l g0 owrkign 33 op 5 o T 3



OB g (o 00l ) s

e yd 00l yakiie 43 SPS &3 ,b 5IMN4-ZN 5T olahad e bw g (SlSo (65w 50T

[15] M. Sikora-Jasinska, E. Mostaed, A. Mostaed,
R. Beanland, D. Mantovani & M. Vedani,
"Fabrication, mechanical properties and in vitro
degradation behavior of newly developed ZnAg
alloys for degradable implant applications,”
Materials Science and Engineering: C, vol. 77, pp.
1170-1181, 2017.

[16] L. Yang & et al, "Influence of Mg on the
mechanical properties and degradation performance
of as-extruded ZnMgCa alloys: In vitro and in vivo
behavior," Journal of the mechanical behavior of
biomedical materials, vol. 95, pp. 220-231, 2019.

[17] J. Venezuela & M. Dargusch, "The influence
of alloying and fabrication techniques on the
mechanical  properties, biodegradability and
biocompatibility of zinc: A comprehensive
review," Acta biomaterialia, vol. 87, pp. 1-40,
2019.

[18] D. Vojtéch, J. Kubések, J. Serdk & P. Novak,
"Mechanical and corrosion properties of newly
developed biodegradable Zn-based alloys for bone
fixation,” Acta biomaterialia, vol. 7, no. 9, pp.
3515-3522, 2011.

[19] J. Cheng, B. Liu, Y. Wu & Y. Zheng,
"Comparative in vitro study on pure metals (Fe,
Mn, Mg, Zn and W) as biodegradable metals,"
Journal of Materials Science & Technology, vol.
29, no. 7, pp. 619-627, 2013.

[20] Z. Liu, R. Li, R. Jiang, X. Li & M. Zhang,
"Effects of Al addition on the structure and
mechanical properties of Zn alloys,” Journal of
Alloys and Compounds, vol. 687, pp. 885-892,
2016.

[21] J. Kubasek & D. Vojtéch, "Zn-based alloys as
an alternative biodegradable materials," Proc.
Metal, vol. 5, pp. 23-25, 2012.

[22] S. Lesz, B. Hrapkowicz, M. Karolus, and K.
Gotombek, "Characteristics of the Mg-Zn-Ca-Gd
alloy after mechanical alloying,” Materials, vol. 14,
no. 1, p. 226, 2021.

[23] L. Guleryuz, R. Ipek, I. Aritman & S.
Karaoglu, "Microstructure and  mechanical
properties of Zn-Mg alloys as implant materials
manufactured by powder metallurgy method," in
AIP Conference Proceedings, vol. 1809, no. 1: AIP
Publishing LLC, p. 020020, 2017.

[24] D. Annur, F. P. Lestari, A. Erryani & 1I.
Kartika, "Study of sintering on Mg-Zn-Ca alloy
system,” in AIP Conference Proceedings, vol.
1964, no. 1: AIP Publishing LLC, p. 020029, 2018.

Foylad AT o) Ol 03l g0 wiigs 33 op 98 gs\.h-\:q"\-}

[6] P. K. Bowen, J. Drelich & J. Goldman, "Zinc
exhibits ideal physiological corrosion behavior for
bioabsorbable stents," Advanced materials, vol. 25,
no. 18, pp. 2577-2582, 2013.

[7] H. Gong, K. Wang, R. Strich & J. G. Zhou, "In
vitro  biodegradation  behavior,  mechanical
properties, and cytotoxicity of biodegradable Zn-
Mg alloy,” Journal of Biomedical Materials
Research Part B: Applied Biomaterials, vol. 103,
no. 8, pp. 1632-1640, 2015.

[8] E. Dayaghi & et al, "Magnesium-zinc scaffold
loaded with tetracycline for tissue engineering
application: In vitro cell biology and antibacterial
activity assessment,"” Materials Science and
Engineering: C, vol. 102, pp. 53-65, 2019.

[9] H. Bakhsheshi-Rad, E. Hamzah, M. Kasiri-
Asgarani, S. Jabbarzare, N. Igbal & M. A. Kadir,
"Deposition of nanostructured fluorine-doped
hydroxyapatite—polycaprolactone duplex coating to
enhance the mechanical properties and corrosion
resistance of Mg alloy for biomedical applications,”
Materials Science and Engineering: C, vol. 60, pp.
526-537, 2016.

[10] G. Li & et al, "Challenges in the use of zinc
and its alloys as biodegradable metals: perspective
from  biomechanical ~ compatibility,”  Acta
biomaterialia, vol. 97, pp. 23-45, 2019.

[11] W. Wang & et al, "Bone regeneration of
hollow tubular magnesium- strontium scaffolds in
critical-size segmental defects: effect of surface
coatings,”" Materials Science and Engineering: C,
vol. 100, pp. 297-307, 2019.

[12] T. Hu, C. Yang, S. Lin, Q. Yu & G. Wang,
"Biodegradable stents for coronary artery disease
treatment:  Recent advances and  future
perspectives,” Materials Science and Engineering:
C, vol. 91, pp. 163-178, 2018.

[13] Y. M. Gao Chengde, S. Cijun, P. Shuping &
D. Youwen, "Nano-SiC reinforced Zn
biocomposites prepared via laser melting:
Microstructure,  mechanical  properties  and
biodegradability," J. Mater. Sci. Technol, vol. 35,
no. 11, pp. 2608-2617, 2019.

[14] H. Bakhsheshi-Rad & et al, "Thermal
characteristics, mechanical properties, in vitro
degradation  and  cytotoxicity = of  novel
biodegradable Zn-Al-Mg and Zn-Al-Mg-xBi
alloys," Acta Metallurgica Sinica (English Letters),
vol. 30, no. 3, pp. 201-211, 2017.

v¥



o g o2 0015y

v yd 00l yakiie 43 SPS &3 yb 5IMN4-ZN 5T wlahad e lw 5 (SwilSo (65w 50T

[30] D. V. Dudina, B. B. Bokhonov & E. A.
Olevsky, "Fabrication of porous materials by spark
plasma sintering: a review," Materials, vol. 12, no.
3, p. 541, 2019.

[31] B.N.Du, Z. Y. Hu, L. Y. Sheng, D. K. Xu, Y.
X. Qiao, B. J. Wang & T. F Xi,
"Microstructural characteristics and mechanical
properties of the hot extruded Mg-Zn-Y-Nd alloys,
" Journal of Materials Science & Technology, 60,
pp.44-55,2021.

[32] Biological Evaluation of Medical Devices,
I1ISO 10993-12, 2012.

[33] Biological Evaluation of Medical Devices,
ISO 10993-5, 20009.

TR

[1] Vojtech et al
[2] Mechanical Alloyin

Yo

[25] C. Prakash, S. Singh, K. Verma, S. S. Sidhu
7S. Singh, "Synthesis and characterization of Mg-
Zn-Mn-HA composite by spark plasma sintering
process for orthopedic applications," Vacuum, vol.
155, pp. 578-584, 2018.

[26] Z.-Z. Shi, H.-Y. Li, J.-Y. Xu, X.-X. Gao & X.-
F. Liu, "Microstructure evolution of a high-strength
low-alloy Zn—-Mn—Ca alloy through casting, hot
extrusion and warm caliber rolling,” Materials
Science and Engineering: A, vol. 771, p. 138626,
2020.

[27] C. Suryanarayana, "Mechanical alloying: a
novel technique to synthesize advanced materials,"”
Research, vol. 2019, 2019.

[28] M. Tokita, "Development of Advanced Spark
Plasma Sintering (SPS) Systems and its Industrial
Applications,” in Pulse Electric Current Synthesis
and Processing of Materials, pp. 51-59, 2006.

[29] U. Anselmi-Tamburini, "Spark Plasma
Sintering,"” in Encyclopedia of Materials: Technical
Ceramics and Glasses, M. Pomeroy Ed. Oxford:
Elsevier, pp. 294-310, 2021.

£ oylod VF o) Oliws) 3 gn cusign 45 o 3 Sladn T3



