ﬁad_’xﬁﬁléual:a:ﬂ
1NE-) 292245 | Y\ o) losk !

' SRR R Nt ST WD
LS 30 s P AN s

B gk T ) f';‘/ >

(205 9 7ol o357 ra | Sl o SaF b 51 3335 (g 15
RIS Eleil|speuly SBI5910l 53k Ty Sy Jaue
Taber: ol s (o9 20

t}__p

." ®.
G\"
=y

SIS
- "“fﬁ :
. ' o -

r'_ o
&



\Fo“p‘}}:)&.gﬁ ‘P’SJ 9 il aJLa.w

L.'!l.}a" ul_’f...t&b

8T uusyiol 1 Jgiue pae
SR> gyly by :yodsw
obzlpl bay :ele jluwlyg
o Gp3iSan] dabold o33 oy liaslysg
Sty Ly e diog g0 yoeuw
Sleo slins :amso g zhb
S81y5 1538 «g5lae



g
b

Huﬁ,&hlé@lﬁ&)ﬁ
NEY pgapi [ YVoplaudst

Y5

YA
Fo

'y

\7

Y




Sl O S0 L) :
pour . .
EIAs 695 0gw o lots

ug_SIHAgHwP_SQQWO)MU_‘“)LpA_)Q
Sl oy (i o jlodds (ptl 1> ez wlod (yliws )>
el 039y (—ole (sLdd LIS )5 Lea—ddl> (sLAS
PN A_Sduu_.g.c)b el o5y o& &> l—as >
Plwogloda _Saés0y & oa_BldyeLe
—ilegdye A_.ogbg_&L’ié)g)_léj)bp_agg_&Jlb
9 i 92— 05039 (05 Ly &S 59D a_t5 15
.b)b )lS
M.MgﬁulHMlu_b.mHAg)_sw
3 AL g 0 jle U_“'l)DA_SUJLwSJIP_iS*o
Jeadl_dgd Lo a_&a8> jI ALl _dgd (yl—d>ed
Lol aail )_f,p LS Al dgd Ay ul_aols.\gb
by | A e
‘ul)lS).\chc_wb Ao “_,i_it..,g.a.a Pttty &y 31> (=S
A_SP_KSMo)Lo_&U_JI UI)LLwI)gggulS;i_uggj
& yloddy (gt LT X559 o o> sl {98 9 (§—lic Ly

.)9_&)_«.%
A2 (5 Ly Alels)l

‘C

[P0 52925 (pole oyl
10 1 90,80 PSs 9 Cuuy 8l



ulﬂn alS.uul.\,é.J.l uvué*,a u\ubwull-f Seinil s ‘u.b.h’é S)lp LI'J
: Ol SRGG1S P (Swadiapn (gwlids) LS (592013 ca3lj A 4.-.\.»

@' 1E0 | g2 gh| @Sy g Cuuy & lok



‘ULA.C c)_b..é u:)‘)l_a‘ su[ Af)"‘ul ’A)‘
5 b bl s el sl o s
Aol ae g 7, b IVAY ol H 4t 0 0l
.).’Lw).’ 6)‘5)—."’)'9:).

By Ay Gly e 08,0 ol Y5 e
Bor b igan i ol Jby S
awls 993 s_ALo_w.» ‘u_o.l.’ 09— 9 )‘ng_.ol&
O 5 326 5 JEz «Br—ae)bSe Gl
Sy S ol il By ae LSS

RASWRPIF N

e hadg ol gl asu el S, aas
gr’ﬁ)i"" °l§h“"L°)]

HSE (Health, Safety, Environment) s>l
S dz e Sl g Cudlw 5,18 0 Jine
WY .A_..sl).e S L=l 3wl sl 5 s s
A Sy Sl s B a6, LSS By, b
L (§ 5938 Syl Gl (e (9,5 ol
) [ VL S % i PR PGS0 S| B SN
ol i) Lg‘o)_é_..u QYM J,ol_u Qyj_,a:m
(B y—a0,bSs B 5 35 o )5) o, Ll
(i gladla ) o i Sy, by
Sy, by Hlocaly 5 caly ea Lol
sl B agn an ol ws a5 o)
)lwswwﬁﬂﬁ)bobwbwb
s A=y il a bl Lo 1 wess 4 L:o(j
Wmwloads Jlocl oo joas Slss slas
By 5N g S

as ]y OV ase sl i oS J,—uS a oy

o= S 3l SO e b (s 09, S
Ol o Ban )L S0 Sy LigBa S a s
By L (g—men (segite Y gae 5 Sl
OY g e ‘w‘&.{: Sl s a2 Lo
g S Bl 4Ly (s, bl
Bo b o g ate po IS, ol S s
Jet S5 ojlaz L (Sl B0 LS
aJgl olg—s jloolai Ly Bg, b ol ol
G005 Ghey am g bl s oo b
gl oo Dyl Sl

Jl 1, 055 sy b St oy (o bo
L L5l S5 5l el Chae L VYYY
5,8 kel gladlaie sla,lil jo cnld, el
Gy YIS clS (YL rals sl e
05— Sy b Baa (1 St 9IS
03,5 g |y 055 0 5ely e e 0 g
Foan S0y eiSTer a5 ol L ol
Gladlie gla)lil asl) 055 Sladg slasys
WS (oo oo (Sl g

g (§ 510l el Ly S oDl b 4 cgaze
Olimwl VWA L jo dcgome (gadsi azlg
A pleiws jebae A (b e 5 Lo
byl 9 slailie slahl 5 Lss 59, 5,528
Godsi Ay li Ayl SIV Ve Jl o
2 ES b ol el 00g0d 4S5 905 )0 055
Coley aslionls bl jo 4y 3850 1YY L
Jemles Gloslw g 5l oa S8 ya0 350
ao |y aliwls oy a5 (BausSé ae
et Soles a8lol og 5 Dl Lol s g
S ol 4 s83m 8 ) Ja et 5o
ES (o 395 Aawgh g (Bdon a>g
ol e T S b gl il
a Shole slacdled b WS o 05>

[P0 (529285 (pole oyl
1Eo 1 g e Sy g Cuy 6l [l

7



) 33 G =8 B b 93 oS b S Jgwazo Sues e Y Sk

N4

2 5 o) (Sile g (S (ol
i syl saialefl 5,5 e 3
e T e ]
Sy MFI (g, So5lal 5 a sl olge 5 =Yg ama
Scnd Wgd oo plosil ailyy, Ho-bo asy 4yl
lgize ,5U s pb S (i3 g VICAT
S e e3lml S (B, b g Jo—aze
amazy LD b Shw s tes IS
Ny go 48,5 5L gm0 50 g Jg—ae g9
DY gazo 5l (ally dangi g Gdo 9>l o
Slkess i s U a5 Sl 4
gl o0 (gt 32 S S Sl ol
Jg—amme (090 dims L ol (Sausi e
oIS o0 3y9—0 =l o AS AL s celd il g
s Tg i alS el oo S lg, 09538
sy bagms (glod 5 an T TE 51505500
oo gles an cei Lao ] o Ja—ae

Lol dalezx (g, 0 Slos Ao S

@' 1o 1 528 PSS 9 oy 6 lash

oA jbzs ;ST w8 (o0 Sz pglas 9 b
S g (sdigee (8 9>y 4 pdlel Ly o il
o oyl lid g Les aiile olKiws Slogdas
e lasliwl (59 00ga o 3l gy 09t By by
J—s 4 Vg ame (S CoBli b pae
SBenB) a8l gl g (i g
(Jy—ame Lol JS—b 5l 035 (9, L2
J=b L Ledias 5 )0 (59, s (99— lozs—
Grolb (adly alex I Joame 2855 JS
D98 sl anl 992y D )jgo )3 4T Wi
ot A |, B il Y5 axe (pioren
sadin do )0 L lasy g y000 5 Jiie Gl
Sdsh S a9 00,5 aBlal adgl sly 4y
SISl 456550 5l il A 5o S ey
Be—B 0 5 S ol

JsS amls 531y Jsmame ;0 0 lsbwl ¢35
iz sla Shy —win 3l e c=iS
o Ol el SmiS Aol g Jy—ae
oS

Sy 4y adol 0l 5l oy Jo—ae 2
09‘9—7' g 00— Al @Lw_m Ol/LmJLO)T




u\—g‘l.’ ..\.\5_»: oo O)‘j as u_:‘ )| ' '~9' Q‘H
S_as L dryer o bl ol s S_as
SS9y et pdas sl il (ol as ol
0,90 JB 8gis oo )l Jgmamo 45 o

Maving Fixed
Platern

Mould Ti

Clamping El:r

Cylinder

~

Platern

€« s . M.’ . oo
. « &o)f

sboagtsy om o)l n 5l (o Seedly )5
u—]bJLwl—Jd—JUGA u_JLB&_:o)bsg_;ﬁo
oo el Ceas Sy e RS

— Comw u_w‘ 0‘5_40 ueé 9 03)9 J._?:.c
00— Ay g 5l aS o)l I8 B o

Sl D9 oo Gy Sigye Suiewdl g
B ol 5L 5l e 9 99— Oy

Plastic

Granules  Hopper

Heater

Check Bands

Molton Valve
Plastic

[P0 (529285 (pole oyl
1o | gssai]eSs g Cumy bjlois il

Drive Injection
I Cylinder

A



q

ol ol >l o, § s ol B
Juasl ez e o olply sy Ol Jo—ame
Gl L [y sl e a8l it &)l
sloaiie § Jgame adg (lajy o)l > JLad]
Shaesl e ol b el oo ials o

’“*—;)“> S i

G035 olliws B & Sk

' 1o 1 528 PSS 9 oy 6 lash

oo ylis a S LT sl ay oo szl i
oiolS L a5 0g i w00l 1,8 50,5 o

29— plosl e G5 5 b
aS Gl Fole g 605 Sadu slyls 3o, B
225 950 Jgmazme 5 Wis s jl Loy
az 0,8 oo JSb Lagl e B L2
Sl g Lo iy ol 58350 B o,la >
bl g b (assed anl (Hoe jlae g as)l
ot ol B oLl s p S

G=) )8 olSiws —JB o) Jf_m




¢« v ”
EX3 « 3

oz 09—5 0 ool wl Mold Labeling
oz 5l ol slaay 5l S5 g asle aY us
4k Se Jiame b ez mlple ol

(el =

Sly s g o5 latl ol )0 a8 09500 6,503
9 09_&:&540 OL) w_.oo 4L~_.~.u9 a Oo— .O)‘é
Iy e—axe ol Lo,k pre form jl glasges

e T (s b pre form Jsa=e ¥ JS b

“ Blow Molding b s g SdB”

S5 A (2o S slaty, | s (S0
TG N o
ol Gy om0 g 3l g, o
3>y 8,lg G 9 ddg 3,5 Lo pre form

[P0 (529285 (pole oyl ‘
10 1 90,80 ESs 9 Cuuy 8l



1

et L sl ohed Proform e e Frofures
= headesd Imim b= moald miremched with
EONE e

G058 oley Lol oles ol pl aie—3 o
‘A';j—“" .- :’L) g/. S L.

Avent ooy b aboub 4 JSb
A == T
f
/

/ (/__

PHILIPS

AVENT

@' 1E 0 1 g2 g% @SU g oy & Lok

alulilf

Compransed ar Prodocd hirshed produet
nimckaresrasly remarasd froms resdy for newt
=krami in - prefem g il Pl TN e

S 1o mawd

25 _ws Injection blow molding %o
Olad )0 e 5 g oo 3] preform
20, 5 o ol oo Ol des oo

é« o & & ”
yAha) -UWEUWERA T T J Gz
* * ¢ . *

avent oS, b a il alie Je—axo
Sl 0529 (=YL Cad an (L jo A S ]
Sy bl gy subudg SV g ae
o 3l o h A tcd s s S
S, B3y 4 S el oSl
Jlasl 131 5 a8 Glaci ) oyl 5
A Cwle )5 (Wi oo p D)l
g oo S Ol Gl ST s
ady bl Lol (19,0 4 ol (550 50
Jlasl &l as ey Ls o ls )8 asibe

by il oo el e o Ol 0g-is



Sl=wd o5 YIuib Jla VS phgx—dsls N - JS b

i i ] -
L 1HE TR R R T
' s A 8

1601 52 8% ESy g Cuuy & lok



|

gl 1S 1 slas s

Ol pé SLEEG1S pandy (gwdiopo (swilids) LS (59208513 59,95 e

9 O9— 00— J_’d..u QLA.\JJO- ails - Msls
Bl 5 ed O jgo d (S35 pmile e
AS 590,90 oyl e IS 1 Lalliils o
0,5 Sl o 1y an o ol —ele [l Lalad
46)L~uujl$ 6‘)—’ RS_)‘)JB 10— L.Lm.: )
Sl H5 4 Jordio 3,3 locm—ile Ly oS
S8l 5 G5 0jo—= 53 05 L 4

ol 3 Sty b ) S (o
e slpane; Ly aly uoge 45 55
Ol d la 88 g5 el g il ails ‘_SJL_J
Sl e g 0 5 LiiST din) S o (oo
M 505 (o ;51 (s Jg—ame ;o g39 e
Ples 9 S99, 5l anl Sy G, 5 =
(@5 oedle Sl ey (S (S5
05— 5 =Dk Hg—logil (Lol 5, S8
9=l o ) Sas > g Gy B 5, S
CobeS L Jyarme (Slon L (0L atlas ol
Ol oy caiieS Adls S (o S 0]y
del)lf MJS )’| Sy solaz_ul l_a éoﬁ)lf
Gy 80 Jloo am aol lagd 0gd oo oy
oS (=L sgm g aBdle L s e aej
S iorgy |y ST 5 )5 0y o

FD 1eooen|eSTe gy b jlai

ezl a03L Sl e Ao
‘s gy s ol iy e b el

s S350 Sl el 45 pog s (oIS
Co) pod olowe a5 cils e Ll b

R p3gS A ) SzsS 0 S A 8,

ot e 0>y (g9l (AT S yso 4y
OLbLs )l ot a0 oo c—riio A 1t (]
) oy ol deSe S s e il
oud Lasla ol ;pu8,8 a4y ba 88 5 0SS by
ol ) et az e e e LSl oS s
S35 slaleo b Il Log, o (g, L]

S a4 S o0, S pal b L sl (o5
0)50J9_b)05~.\_wl.~>u.>v_~uu‘_o;‘).’ NEENT g
Looslyaon oo ojlol i > c_:)s—_,aA_g
oS A Cmgs dn |y (g ot o —3)

Yl oo Q‘)—.‘.‘ )’| 3)1_5 ‘5_?5\3)‘ as é‘os_n O 9=
0019_;[:5 g yO (= ol)_ets o= Ll 4._'9§.'>
= 4 Olo) Qliwgd (alyen g j5ma L s
39,0 o ol 5g, vz o aJl 0,05 o



= .
PRSI = RUSHERESTEISLIN
‘r»LQu)LQ,Q 00)5‘ ;A_de..: ‘)lS Ja_.ou
(Pl Jm 5 055, T e gl
29 Gt Ly bLS ) 5, S0l
Lo o5 clowpd cuS 5 mull
u‘.\_:‘)df ‘u—" = 09)LC- .o)_Y O)L.iﬂ _ 3

&5 degyy o 6}9—“])5 0,99
el ool gls
Sl 55 ey Olaea 59
S Si—l,5 slog b &l

Obgm—iils a
Loy a5 oo co lid b )y

YT JSBlas lsle,s S s

Clwoyee o l)dS Lol

slwo,qo

\ “TG‘, oola !

—59] 6Lm4.nl.§).: ol J—;.;SGA
J—do u_m.m PR AT w)s_a‘
(oliideass ploil 5l ey Sleal,ls
Sl e a ol y Jlaixla
O‘)o |) 09_‘5 6}9—"‘)‘53)90){—?54—{
Ol g 935 o 5o

‘) od_u‘

lousl 45

oBiils Bz gel ails a S el 53 8
Lo )85 sl aailys (ol 81 Yy ane o)l 45
oo La:uS)_»y;_e B R A A
ol o 4y (5550l ;IS 5,50 (5,155 p L aiS o
oS e i ) plgmiils ol hileul

9588 Lagl i (Heass 8y90 (L 5 ey
Oy dmdz slag s olawi il 5o lgn L

sl ally (a8 s Blaal glwl,y jo ) solaul

3 ot 3o el IS plasil %8 53
Okl )5 lm oyl (g5901,15 8,90 (28 S 0Lk
do o ol)_al A Cumd d)Lm |)9_A| lS ‘u—"

Be—dse Olejlw @amlio 5 SBy )3 (ssr e

S Al L e Siaoy b oS
Oy oBils oy cmwaige Lgmiils 4y

mr-rf
'vh\l“ l.l.llﬂ'

: ‘5 ‘%“.-E‘f‘m—ﬂ"ﬂ':ﬂ e

HL&.&)U ‘sMb 460_..;!5 (&S b0 00

Jeline jo plasewl gl ol iolidl e asg L
Ghax sbaol) S8 an ol (bgaiils ca ks
oS asl pledlite plw ol )3 652 =
S5 50 I8 50 a2 il 5 65518
Lo 5,15 Yoomo a5 |2 sl Lavais 35 s it
39— )8 die o 45 (Dheanall £L5 ol
S J (g mlery 5] 9o dmy 28 i

3ol 5 Lmoyd)l5' gl (590l 8
S— o— Ll S—

.Q‘-’A—Mﬂ‘

|y 9T, slmeygo 095 o8, o Lad)lS
sloslag; L ojgm JeoSS an S8 Gaa Ly
S Lo ol59—l)5 g 0iSCn )55 5 ;555
Gl sl 5 am Goi> o (> L S
ol (oS58 bl Tk g
L ST L ool sla 5 Lol o oo
g oo Jor—io ool Sli )55 A5

[P0 (52921 Fole oy 11

10 1 9280 PS2 9 oy b loit



D 1ro0e0|ES g o b)lai

Ao 5 A aily ey, LS oS oo
A_.Ss_:.)._>u5)_w5..\_~:16|)_sd._cw4_:

s iy L s o Cnivo Ly LS|

olB_iils slaidl g b wy0 sbwl cosgiw ,uS's
daly ool ;o aS saslyo g Jai» iyl 45
Ca ) Sz, bt OlbLs )1 L MLlS ccils
ool e ol a5 e ol Loass
b 5l 6 colib a 6}9—9—‘)5 Sy
NS oo “LJQT $9y i sla)l5 g (e

(Cariio )D Cpiigo 45 Sl 53 LB o ixen
&l 8l L o0 S Slbla | o ls as aisly
2 3,8 055> ] o Yeb Al a S
55 &l mlie o b (G552l )5 5 Cn
44_.»9.1 a4 6)5-&])[5 0,99 g S| uL]aL..))‘ u_>‘
eyl Sl loloul 5 (g5l aSs & )Lge
A_Ssn sabl_» S8 4-]09_:,4 0j—> 4O

JES IS4
W log s a s il ol oails ad yudige
S0k yo s 0l a i sladi;
byl oy s g o dl LasS 4z ls oo
ol able 36 lal s o A i, L kg
Sz 100 S gz 1) 055 (55521,157 590
GeS b e o S Eel 050 ()

A 150 oS 055 Ay sl o Loy



I.ba.\’-.\é,g

Ol pf LRGN (roundls (o0 (Sliis) LS (S9N ¢ (S9u85p0 Mgt St

B9 Byto g (Fwd Sz95 glie ot
LoV o8 wlelazz! o ol gaiing Lol 4o
o=l Lol (g 0,8 oo g | (555 UsS
Ll s ol IV ozl g 51 S
al g ales ;500 &)le a9 jeain bwgs
G amme jo 5 ol plosl 85 S ) )y
g il iares B9 sy 5 0l
A o Dgme Mo Dol pud Line S 4
Sl B ples as Lase ol s e D90 8

P e e el jeainy
9d—eny B0 5 Oyl e ]l
29 dm adgs 5l IS ol ad o s
ol (Rl (o815 0]y g S Joou )las
Sy 600 w55 i (Kb ol o
el oo o 0,5 a5 o0 et e YIS
a5 oy il lsasle e S a5
A50,S oo 5w iliS o Loy LBl o (g
aS V5 cslo , o lanl Lixe S ass
Iy €L, lS (59, 5 a0 05,8 co ags
Wiz JSB 5l )3 e iy aitS g 9 oo
Godzmn IS g al aslad aslad 0 _Jgy ol 8
Fole—bp g ool loisy 4y 4 L3

0 b o5

gt 45 05 Lime (o ol A s

S e ol Lo 5,5 W Ly s s —
Ay ol olsie ples 6,518 4 5L

Ol yoolow Gigo S po al a sl dla
Compaadio? 5)le am g Ba_b0 35 pele
WA g0 Dgmme Iyl Sl S gS is S
590 § Sy 5o S 5l B
SOz 500 o jlgols i ol8l, o Jgs
SOl Gmdae ol o LSS ol s |«
Ay slal ples an 4 (g9t o] 500 9

Lo S (g i S pliie 10 (6,518
DS o0 alge w9 4SS L L |,
7 o Glwdige plge dm a S s 4
O e 9)%9) Sy po—ghe Lo Sl 4
o S a5 Sl Lo gl e S
olsly Sabye (ol o 4 S Loy (5
gt la—lel logi s 9 95—5 o0 oLzl
i n ol 4z 51 el )l oS o
395 K aazid | & L5 ceul (1 Saw Jol o5 o
ot oS ozl aslalsT gl opols 5l g olaals
L ly i )0 Lo s slodily o iy
i sazlge Lagl coeal (LS 5 oy 0
DS oo Sl | plesai—) slaol Lo
ol Cl ladan g5 oyl 45 4 as]
oz dax> Slas coul Dblasay o
2 olades ym alizd 1o Lol iyl pad ol

S oy ) (et 5 ol E9—Sge 99
e Glo asgls caile g o adgs -)
9 = 0939 39y Sy e Sle
=S i3l jo el ol gl € il

fol (San o—sloiz| = golaidl

“YE g onidF 2 (i’
SO gatal) 5l 6 maiBue g 0, leis
ety ol il 5 o aio 4y
5 gl (S S 4 isS> a s oS Il
e 1) ;o Sl ] o b diebga
SN p2ad (Godw 5.0, 5 00 XS Jeou
o 4y YIS a5 B g0, g 4 a ]

1Eo | )9 sad| @Sy g oy 8)los [l



|V

ool vl lasgs g, g0 (Llae S
5 AP a5 s, S S
ools )|)J Do |) @L.o..«_w LgooLn SO ~_\_A_jj_,
slody o—bi slazy  oslgts—=ib
U_" )‘ LSO)‘B_A 9 )9_5|) “_NLA_M, 6°~)~—A-QQJLM‘
oaalie a5 jg hailan .ol oo JSid S
Oemile S Lo o ol Sl plaS o 0 iS
IQL?U‘ ‘) (5)—f)l5 )15 [ ’g‘”a> )o d\_f - ‘
g yoolw glo |l a 548 o a s A8 g0
Ll T S5 e s
so—tb L saile o (ot oy ol
Foaris JB egias g slaph,oN)

el 00l a_53S 5

S>oS itn So o g g 0gs cails Bl
el Sllg ;K0 Gy b 5l g 09 € aasor
Sl Gy 0 S0gs Lol 09— 0uile 3L
l_n‘bj_’ dq—ABL’ @“—")3‘6)90)—%’3""‘:)—“4—{
g casog A b8 o Sles Lo I3l loren

Lo o3, g ool o)yl a5 Sl
Naiigh g —xio gl il a1, (Lliog>
J9—ol A5 gloo i S o Jgi a5 e a0l
g 9 o ile C el a5 T 51 i
e A4S0 S 558 S oy | SOSG
RIxB 5 pBdds (Sod 3| (6T g8 sablo
cs—xivo !l G e ol e
7 JleielS Oly 5o eSS

A edle 5 (o Wy OIS 0 5l
C.E_w Y ogul adgs sl soes (gd s
55 5 oo Lol sl 4 S el
Sy edle a5 placdle cobw 5 oLl
sty 4y S oS | s bl S
5 &y 0 500 0l i g oo Lol
Oy aSdy 05d o iy o5 L ot )l ol
Celw asz Lgd 1o 550 sloyl8 ay (glo L3 5
Looks 5l mlal (o) .cwl ool (- Sas
e bl egdge (il 00,5 ois celw 4oy
Folwl (B5 8 sl an 6,500 gl 2 I,
b gz el )3 (oo LoV 0o, S
Sl a0 0 5,0 Jo-b )0 45 05300
Sl ol 4 Lo (Soly (izmen
ol el B0l LB o8 0 pa5s, sLa 5 plsll
e 3l U i (S 50 00 iSOl
2 blploe il joa> las de g s JS—“’

g ol

“)‘wub': Myn”
A g B dBw pede slalesl o 5 ol 1 SO
09239y CE by sl P cmign 059
Ol gl gl old) g lwl 6yl 8 5 5 i
Gl Ly e ISl Sy iy g Gialol
ye—al o a > g Jgi o a>— gjlwaiadgn
L’?U" )‘ Lr’)l'"‘ a4 M‘ 00)9_5 o)j —4_31)9)
Foolw J i da >0 wiige gafaédaS

FD 1eooen|eSTe gy b jlai

i Loyl gl la s 1y o Jgs o ook
30 o g Abld 09 >g i e 4 S > cols
ool ol Hlf)ls A_J}’ )b Ls‘)_u_i}?s Csja_w
er)..:;- Ole—e czi 4 S A_gd—l A o
RS adg (g0,99 50 45 39 ()1 S
Wb a bl a_slad o Jgi a4 S aKin ol &,
MGA O G0 ).’;ool_.» Lg..\_u—‘)_Q a_xla8 o
Sy slaas o oS 4 oolw ol b ,
ooloowa_,o;sn)lfugud_, )ol_e‘A
ploul |y Lo i ool 5l G plaS 2 a S
S e—ile Ly il e Aol o Sols oo
gr’l'“’ IJ‘.,\ l_é).o )_i»o uk',_:,u Q_,l PR X

«)JOOLM;» 6Lm)15 Co—w 4 ‘) Lmu| ).._w.a.s
)_~'44 A_QSOGA 09_"“" UO9_> «H» ua_,a.?o.o

—=> g 55l b pedle (g4 S e (59,0
Jl_>- loo_d .)_Jy GLQYLT Lgo..\_;.LS AS_ASD.’

i U i ol (B 45

ol &l

L}»J)LAJ)L;‘SM}) glo,w olaS 4 iy galas gl
A_MSA_DI)A\\'J_,aﬁ (B po > (Ao )



eile =V wolo S8 a6 o] egad o
B aS )8 el — aS s olaml (85
YE 4o byl a5 a ol o 2o o0 plodl
Gl wlg a a S el bl oS e i
e vy A adg o )0 St
Sl eile satd Sl lauie (ke
aie 3l (i adg IS o 50 Ewlon
A 0ed o i YIS ay Sl Sl o
2l G =25 5 eile (ke
31 Sl 51 o 5 Sils j9 b any 055 4 S
DS el a8LSl Jg—azte A (B0 oo S
03— u.._uLn Ghtd B0 aS Lg‘:\_u):b Q‘ -y
SIS oSS S S e gy o
g Bl il Lagl &S 1, ouS o
N5 2 o (o Wb po a S oS e
S ul_..)oy &l as M—MJLbu‘ Yl o
Sl aS 09 e ik by e

B0 S oo 3l LA 59— adossl
w_»l.o[ob_fwo_,.lyd_s)od\_fu_,\
L o ool wl pdile Lulul Ly ogi ags
S asculb, b ola byin 5
Sl S 31 e ol LagT sy 3 a s
S S o 0,5 e ]y bl s
30 e—le 3l ool wl 1o 28 o 7y oo
2 S oo ;50 Jgmame a5 Jlo (e
Sk 6l 5l 9)9— sz Sl lea
P9y s 33, S g5
5l SOl am I ly 05 i
S e e L A (s,
315 0529 9dgi (Gogd (il po S
=508 am oy glasll S5 0 aS
9 95l ;S pange (1,55 sl il
Sor Pl i Lespe Aals oo 4 a0
ol db slesla vl gl Slsas 2l I8
ks A 8l A g — s 3y
S57med a5 e S n o0t oLy
By oo Rl Ge—dle 4 S Eul )8
SS9 eiile adgs (slym p3Y )15 CaS
o lg—e 395 g0 o 23Rl Gedle 45 ()8

P| S R ST S SUVS VN I VI W Py S
Db 0,5 ey p |y Ledo ol ls a8 )T (6l
aS Lol 5l eSS ool ceaje gataii S
s S5 50 (sae—dgn o552l lap. dle
olales oe—iay i ;0 45 Hp-bailes g aisg
Ddgi (Gog b ;0 ;w4 SSr 4 S v 0,5
uwuw‘uowwﬁbuuu
gabi e ca o Jo o Ll S
o=l =9y slal S g e S oo n Smie
sba Sy il 2 55 =z 2 5l G
609.«_»» u_sl g0 | 6)9)_@ C—u 64_;,\0]
S99 5,5 g ly90 jla S — o _Jg
S5 0l S8 55 45 jedailen —adls
Ol g bica slole,w an 1y 095 )5 (59,
By dnd oo 55 4y ol aS 505
915 9 o)lgd a5 09b o0 sla led
SN0 sl s ol o Ll g e ya5
A iyl S el pels &y Sl o s
Ol A a8 0 S o Jhiie 0o o Jg YIS
B Jlie el a 68 o (Bl i)
o> e B8 L 38l b (65,15 s
WS a8l gl Ve gelw ol I8
slilan celw SOl jo gl oS o a3l o
ooyl Vo ()l e (VB ey S 0
a—dgi gadsl sloasie , ST.a S ouJg
3 S B8 el Ve Y e gl e )
9 9dsi gadgl gaie ol celw SO LL
Ol a5 iS5 ST, 556 05
Slogoa Bl Lo )5 sl sl g 52 V-
Oz 50 S oo Lol byl la s as
S eyl slwan jo plad Lo 91 (nds
J_nls ‘) OP b)'_A)_f)lSS(:O)_T U‘)_"} ‘)
salo Bb oy oyl o aS Al ol a BT
e YIS ay 095 51 T 5 a s el 55
ol Gla Sy o= fee 5l S o=l 00 S

el ol 3l gl g aalsl o a S

ol Sae L csio 1o bapilo 5l ool
‘) 4SS 99 ‘)‘—’l’ (WY I Js A QQJ—T

10 1 9280 PS2 9 oy b loit



FD 1eooen|eSTe gy b jlai

i Gog—b )0 I, s S!S Sl
odli sl 5 SG lipS (o0 ey 2 S Le
OS5 slasy a8 068 s g0 oSl
5 gl Giald o a5 S g
g 0SS oy (6 eSO ol Az
W alS ]y 0w Jy slad e ol oS
Aol (Lol o5l adgs (gl ;S0 cgex
s 50 slasl Sl o, 515 g as
Ol sl biele avs o0 &) G ol 0
ke bsas el a9 35,1 aS
polae jo-bo dmy Al wogis (ol il B jlars
3obasle s sy ol galawlg 4y 0SS
Syblg cl ;I jedm an aeil S
s 8o ) il a5 s (ol ;S
o=l oes rolEll I8 celw il LU
y oilw! )l Slis zon aS o 5l glao als s
=1 pa8ls aS 0 S o et dn W jlas 1y o
am sl leul oyle a5 g basle
szl Ko Byl Sl o, S5 aals
Silindign o 3L (551 o Jgs gl Lag)]
aS |z S e 5,4 Slguar S L)
Laals IS JolS gaiaigr 5,8 bl & o
WDy ) 558 9,0 4 6,5 0o S
G0 Oyle Al 09 el oy glaslal s
32 @B sosln S 5l ey ssloabe
Cl Ll gz wladls | Jo e cly
L ol e a5 asil b, sy asile Ly gl

Dy 3,lo



f PO 8y (LS Lo’
APA 2o¢l> |
ool ¢ 23l )| qj’ﬂ) Q_.{I—@)_.is a_lag;
2 FoS) by )

APA (American Psychological Association)
o_Ll.oJ‘Q.:.g LgL:bQ.o.?:.B‘ 9 Mo 4 S LrsL?u]
3l gy ol wsles STl (o) o
o 3 APA (23158,
odim 5 plS o3iond (5o 50 9l by, (=l 5o
Plhazre oS ole )b 5 (G s L)

Jod Ui ;510 1S 5ily jo 5 adas (lp!
pr_m)_bo)yw‘.\_lloo)ﬂmt_.m

‘09_& . .

Eage
ket egle
p3laacll CoMlEs
(b mgle
e egle
i egle
P9 agie
ol ogle
(! g gelaco] pgle
elasz) CYlEs
(bl agle g ppaliiply)
b msle
Lyt (50
Lrrlaan gygas
b asle

OTL buipe o ljil e i g (o3 iyl Elgil 9 8953
Ol SLEESNS i b gl LS (592513 ¢ gl eSS

LJ

S (230

Sl = (2O y8 ) S ool o
o2 gl ) qealen S solii_wl Loyl ;o4 s

oty o1 o0 4 S asb  lvoss] >
Ales S

LSl g8 E9 =5 Sl 5
u_i.._w u‘j_ssn )_’) Jad_> )‘ I P L»
9g—od ol Sl ) c—wlin —2ogl>

RIS Jis
APA
alg,ln
99y
AMA
NLM
0SCOoLA
il
Turabdan
AAA
MLA
IEEE
ACS
APSA
ABNT

Mwwléuﬂkwwv o

10 1 9280 PS2 9 oy b loit



Pl

(Pears and Shields, 2019)

Sg—25 ol g8 A 3l Lin cxio 51— S

(Davis et al ,2019) JS—& ay oil asl

(Gl G5 sn Jolae et al aalS) oung o

25 S b (S alie S id 0

T R B L i) U WO 1 Y

(g_:L';- JLM:) Y SO lal_S ‘erob.;l} PL}

Abo 0,le cj_wl.a

e

Desikan, S. and Ramesh, G. (2006). Soft-

ware testing. Bangalore, India: Dorling

Kindersley, p.156

o ‘d_u.S u_»LC-) |) Lr)li’ A_’Ls u’“_")"9 o)l_g)b

ol sl ails GlsS Jgl Gilpg 485 (S50

b 9l e Aelpg o)led g aiS 55,

Os_w

0 6Nl el oYlie 4 o iy, sl o

NS (S

o Lo e lone s adlie lee Ll JLou

Ao 6)led (>

e | 35 Jle

Pears, R. and Shields, G. (2019) Cite them

right: The essential referencing guide. 11th
.edn. London: MacMillan

Slo,la iy L asl ool a0 e 35 0

39—5 0 plosl by Jo—p G—b

NG r:l_Z J?‘ J)_> 0w g éo‘yl:;- ‘nl_B

P LA K

FD 1eooen|eSTe gy b jlai

AV i O YAF wsusSs ol 2 Lo gl
=S olgils pls g edin gl dw Ly g0 , 510
)_w&;ﬁbcwdyoﬁ_wym)‘w)j‘.
«OLHo le e cmd Ay 3l g el dl by
QH‘SA Ol_i

Ly aabipbl catlin Sy 3l Gsiiogs jo 551 s
ale el oo 8 sladas oo o9
o=l o oS oo Jmos oS 4y oogl>
o= |y 51850 a0 o Ao Lol a5 gl
&zlye unypd 0 APA cigip By

D9 oo widgl Ludll By, ol 5 4y

Jae s 53S0 G LSS o mo i,
Jl_w) O ¢ r:l_a T VWY u_folyb r:l_a M
ol el

9 ob)j 01_195 ‘) °‘)-;—‘*‘-.’.93 'al_» A_u‘ytsn @""
iz |y 1 gl By Lais

U U URT v WIS [ V- Y CHRIWEP VI KPS S o (Ve
e JSb ol e | plas

9 Pg—w O\A.»—A.M.’j) £9° Ou).;_ﬁmiﬁ.; Jﬁ‘ Ou)\.;_uaiﬁ.;

Ol =90
RSN | E N BRI ¢ P SRR TEA

O ygmo el dn ail OLS A e a5
Jl_.p) NG raL; 0w g er.)‘yb r:l_’
o Solgls als aaz 5 olss o (Ll

“0,lg)le (s gigle,l
59,0 APA S 4 ool cals g, ool
05_....:‘59 d\.A—A&JjJ C_:)L’ 9 o&u_u.uy t.)“"5) uL.o.h l_s
o)‘s)u er.’y wﬁ—’)ﬁ) u&,«_w Lgm‘)
Loty o laibwl awnte Loy (Harvard)
oo asl)) L sl —Jgo ol el oleas 4

J—oe APA g, 0 ile inyg,0 gla )l ol o




AYY o)l cwls ol )l d s cnlw L
PN 0952 5l (B3 B A

OB iilo (388 (99, 095> OYAP) ‘_rl.c USYO
smlblb adle (i e le

0i;910,5 5 Sl g 5l (B33, -1

L = 0 g ébl W] ‘Ia_"ya Jﬂl_ué A_JL»S
S 3 Ol5g i)y e g8 4l OIS LrM?l.é
Ol e asbulis ( Jle (hjs—ol g

Sl Jove g 336 (g 5l (38, )

N eSe digS> (NPT ) g oluS
Lo ] asboi b slacsuss oS ol
[ el :

4elijg; 5l @008, -V

&3l o8 e (et 59— 5 9!
SleMb! (VYPY ol o 4 — ) Lri._@).e
B amio AT o,las

Glng 5l (2o B, 1Y

—bdazel> . VWYOY) e (Gt
Sos—b Ol ¥ Gilng (seses

O SIS 0 (2o 8, (@

a8 b olas jlas gla iy, 51-)
Al &0 Gl A ol 20 8,
azho  VYAF ooly Bl ) o Jo8 &5
NGRS

OYAS ool Bl ) puditons e g8 a5
0 gu—is 4y il b as (=S (RO y8, Y

S " P)y \ :.‘l)' r =

eYo ) sl a5 S 88 ol caJge , -
SCYY aas AYAY

(bl (g¥o ) ool al il (adhe j a5 g0 ST
(V+F a=ao ATAY

ye¥o ) ool a sy (e Jhe 2l a ST -
ol adle alie a5 a3l 5 o ST-

SOV Y amas AYAR 1L SG0 g 49Y0)

bl bolS sain s Sl ST A =SS
(O’ &sac\v/\? ‘)EYJ)

(A e D OVYAS eYe)

(Y\ &ch\v/\? G)EVO)

o) Gladibig 53 (B i 8y
G5 5 e Sl @)l 5 (238,
Dbl o o Jlo jo 20 i 8,

Coomnd ) o 3l )l j0 20 i 8, (]
(=l

9 09_...:‘5@ 00)5‘ J_alf Slas i 4\_1.’>),4 u_a‘ )b
6)|J§0)Lo_u )‘ ..\_>Lu C_:L.o u.))_fw).o Lg‘)—’
=y oo 5l g an ol a sl o S colai ]
Sg—ed oolaiwl Lall By, > i v 5l lem
(silb LSl (o203, -

s ye¥o sl el il alhe e S S
ST ol laasl o)) ,g5 . 3B sla jbg, (VYVA)
ta—de g¥o ool e il e ie a5 g0 51—
g J_'z.a s W—"‘" AOYYP) > ‘tS’L""—“"
ye¥o il asls cadie ol aw ,S1-col Ll
OYAY) i (S ¢ (Gl ¢ e
ya¥o ol A il Gadge pbi Al o L ST-
. g,:‘)l_w...:‘ :

laez 5 QLS l (om0 i3, Y

Aoz 5 ) gy yaalpm Jool (Yoo #) .l LU
R G G ] [ S QY S SR+ i 1
asle wll a8 SOl iy adie ST:aSS
adlal |y lam yin ol la 88 QLS 20 i 8,
alome 5l 23 3, -

d_,ol.;).g Lgl_a:a)S.”) OYAY ) sl (oo
¥ a)Lo_.i‘:

b Jabd 5l (m3 i B, -F

Wy dol fad s el (VYAY) . e )g¥o
Y o)l.c._.i‘:

5yl dllie 1 (ga s 3, -0

LS..:)....J‘ uu)oT Al rb.m‘ ‘(\VAV ) L_'>J'c ‘)syb
s Gl 31 m3 iy F

Ol/Lm)‘\) rg_....:‘ ter..w)ls l_: ..\_m)‘ (rml.u.u)ls
(G 395

2o g oy alal ) L (VYAY) L e e

10 1 9280 PS2 9 oy b loit



0dijg10,5 g il g (B3 i3, — A

Jols QS Sl Lalss 5 selsi s, o Sl
aBoliS )b a5 0g 5 St L e
A dmio o)l (e asliulis i

el Jore g 2006 (g0 (B33, -4

=y e 4585 (VYY) g oS
Lo o |l ,b slacsuSs §pnS oo
VYo a o Jpls o

oy 5l BB, Ve

—bdazel> L(VYOY) . pzein (Gt
Ve (Syo—b :0l—0) ¥ imlny oges
4elijg, 5l @008, -V

Gl o e (B 859 9 P9
0 o (LMl (VYFY ols o —) Lri_as).e
O 4= NYFY

f B0 By baylBl e

Mendeley 133l o 3

35,85 w2 99,0 34> Vancouver Ls 43,5
oy e L (Elsevier) gl ixe ol Lacl
=Ml g cewlie J= ol ) S Mendeley l5-3l
Le‘a.’ aJlaS ools d._‘:‘)‘ JS_....A u_,| J_> ‘_g‘)_g
sleslaiwl Ly 098 cod B )8, 4y Sgdoe
IS VEN N} R SN WS P D S| I g
DS B0 i y8,

2R MENDELEY

P

[ 1ro1 00 SH s Cuuy blai

i gl ol oS LS I e (ST asSS
Ji5 03 GLuS o 6,500 S 5l cdlas )]
4 Ol 208, pygle el 00, 5 5 8
u_.w‘)_)) (SO G

(Fe e AYAY LG ) s a4 je¥s)

O J2Is 0 a ez 5 OlaS gl i 3, Y
u\_leGA)_i) 09.,_,..:4_3

Dg—i o3 03] U HPNEE SO N D B C
g oo ool il G Jge sl 5l L a S,
Sl S e 2 L,JL.., Q%S")? O
ol aidge ol o a s e Jlw Lai>a S
oy 3l g g al g 00,5 aJb 1, ols
Dy (g,lo0g Fa a5 Jlw

a o g Sl ) (dlae (e jo ST AT
Pl i oY (ool (0 (o Dy9—e
o cdl ol )0 s 1) 69 pL 8 )l50 4 oo
S o0 Jee ) S50

( \f W c\\”VY ‘)BYQ)

(po L) abl azrano flon 5l Cllae 5]
Sgod i dio Jg 090 led x5
VO ambo (ain (lan)

e S o allas o i ys, -F

ye¥0) il o S Lo alas oo , ST-
(V7 4 =ao AYAY

¢ =loy pe¥e) il s g0 adlas ase 51—
(V7 a=ano ATAY

.(\" A0 ¢ \\“/\& ‘GIM—AM}

SLL) ol e ) i adlie cathe ST
(\Y” 4_7LM¢T”V cu‘)_i’ds

LS L adlas oo w8 0gs S > o
Sl Sl 5,8 b

O Bl o co )l e i s, -0

CYYAF (sbasl)

e b il Sl o803
‘)3510)..\_.»L>)_n.u_§_»g_a_]9.el_3°d.\_“g9.’)_ﬂ
(F+ amao YTV

(f\ LT U P SR

(Vo ambo g Lol

(Snol asbp) (Slydews (238, -V

OYAD ¢ sined)



Zotero ,|38ls 3

e S (Hae asiles s 15810 5 (]
e sbul g DYLie (23 8 sl B,
et oy Skls 531 5 ol Sl
SR =z 2 s S 5 Sye Lol
Sylaly asl oo yuiyd, JulBas

zotero

Citavi | ;3ls 3

85l s (S plsSiee 1) 13l 5 o
o=l ool vl L ety s 3y G oo 9>
ailgy oo bgmiils 5 ol (L daze a by
wlides glogwys, By ;0 5 b
aslw |, 0o (Paper) oYl ae g LoaasliLl
DS S e g

: Citavi 5806 5 sla S5

3 G623l s90) a5 g 4l e (2l )
(Cmaly o Gimles g sy 5o imlpg sy
ssal i Sy WL« O (S0 )‘ oolaz_wl =Y
3 eee g y—gbal « PDF (g Ol o i e
asly

Aol b )15 a0 a e glocaly a3l )| -V

Froo 3l i ibon 5 g Sl ¥
kT 5 T e

o3ls SSb (ggtims -0

Sl colw 55,50 40 i -F
(o]

Gk sl oss I 550 ASlRlS g -V
Gyl 5 50 9529 & jeo j0) I3 Sle )i

5 699,9 Lo S5 amlie dlie ISl -A
B YO jo Lo yui,d, gmws o ,Saslal -9
3, lasbul

L ISBN ol L ae S& 8y el -
adS 5 008> il o g PubMed ID L, DOI
e 9 L@ojb

Slesliwl Ly (3l sla s )8, (5,51a—ez V)
5,90 ,0 Picker asg38l

695 )b 5l eolawl L ISBN (0,61 s 4 -\Y

ul.i»‘) Lg.)Lc Lngooli::;.wl 6‘)‘3 Coud ®

@00y bl g3 V7w 5l Gl ®
Sz bl ol I gaeo e
ol edbl Backup 4 Sync. sl )i,
Linux —MAC —Ios sla_Jule g b 5 5Lo®
4 Cite Sl edlb] gt e (50, S0)lg oSl ®
L Sl ammio SO (o L e 5l (o,
S5 s

S 60l aly 5 ol ool cdge s ®
e

& 90 40 PDF 5l Lagolie oledbl zl 2l @
laWeb Developer !, Open API l,ls*

e PDF ,s 5,138 4 Highlite Sl

ol.f_al.a 9 P> j3Tge Laos 4 JL@‘ Qan‘ ®
SleMb| i e <80 gl e o0ld
Y

End Note,!;3l o ,3

e dela S g |58l a5 - 585 20 Endnote
S8l oy o e Lal T ol Lo oyl ails
O ed 3 e pml il oe gl
Sdbge IR S2se sLos,lile s
335 o Vsb Al (3 ie | 395 Db g
Sgsl Gl sle 5 5l eolai il gl oSl se
WS Sy Yo VO« Jolse slaisie ol
Sli8le s ol YL atpe an a g Ly Ll
4 g e 5 po— o Ol 5o (Pl goslan
o.A_.»J)_f&M)u_Lc‘s.\_wbsmc\_é)@

ra)_) LJ_" Caodd a 4_>-9_\ l_> QHGA oolaul
oo gial ol pogplr 5
Aed ol 3 oolal ]

ENDNOTE

THOMSON REUTERS

10 1 9280 PS2 9 oy b loit



43,5 ol Sl bt 868 5,k jlaS
s sleaslip 5l 8, 59,50)ls VY

J=1s alio acgazms 5l alin 8)lg0 B3> -\F
e

r°—*J‘-‘-‘ 9 PDF sla bl Sledl 6)3—‘(&“-?' -\o
o8 Dy dm L]

<oyl 5l oYe Full Text el o -V#
e

PDF & oy olxan Lo -VA

Ll Glaa oo calizs slacolw jleolaiwl Ly
LS o Iy o B sl lBle 5

* https://www.tarjomano.com
* https://tarjomic.com

* https://transis.me

* https://isi-isc.com

* https://waterse.ir

D 1ro0e0|ES g o b)lai



po—slind de—uST (50 5 Ladllgl Lacs;
o aLQoA;%Y—‘ B> 6‘)—.’ Lg‘oo).’;_...f )9_b 4o
g go 0alil sl Sy laome g o i L
4y (PNC) (6 anks sl jsmelS 5l |5l Ll
e Sl 2l slos, 1 50 (G s

Leaid 518 4 2gi 0 )50 (arme sl
ey S ol (6 el (slo joralS 9L
ssmas gl ks Las o e oS Ly
Pl 05—ty g (o =t b L
g e Sel L pled g (o Sot
B Y W ooLé.’J_.J}.o.:.L& d.85l60_SdaSus ]

ol Lalujealial g Lacaesls
Gr—ogils Gosgazme ;o LS Sla 58 e
i gS oo S orelSpl 1) S jenalS Bl
LIl sloaisS ;Lo CNT ol La Ligils
LT”)"‘C sl ,ls il Ao LgLasoA.z.;Sﬁ}SU
anle sy s &S w8l e o, S
Elol il gy 08 S e ile 5 L3530
o=l S e OleSoe 1) LatajenalS il
sl plyie 4 ol oo (o jealS Slye
e ool (ol DlaS 5 50 ssie pls 5
48l S99 Rl L (s0lg w4
xS 4l g oslall 95 (6 iy Bllanil 4
ile sl asls sglie gla IS ol
L] dn S Jblas Lol L L eSS,

Al 1-50nm e oL ol jo wbs

Smrdj Bt >t oty § U]
ol LD S j sl guili By

e eililigal (530 ¢ FLBLS, (53pe

doudo—)

o Sy e (it DTy (S
u"‘*—j.‘}’?‘ Jb= 59 595 4 59y Sl glacollas
g ol g ol ol aolio a ol (o coul
e b 8y 3l s 0 S
5ol g ST 555l Lncolles o]
cloacdld o)l JLssasly, jp>s ol >
Ol 50 Glod xS & jgoas a5 sl s
ool jLasl ol an o was o0 &)
Lo g scdl (X w ol 1 ol cow
Hgd oo S ) lazs 33 g (oo LB,
Lo g (o=l (g0 =y 4 39)9 Lo 9l o
St 50 il €595, 1 ] 45 (e
gl (g OIS o

(=g oYols wile  alisee sla g, 059l
(oD GOl Cg) codz Loty gle]
o Lol g B Sl egSae e
g on ookl Ol 5l e oo Yl sl
L olsioos S S5 el B> 6l
ol ol |, iiSTy aalr dlar Sy 5l snlisl
S aiws ol wlde o 1S Lacil>gil
Ao g wiload LSis I Sase olgs
5yt pamin sl S5y 5 oLy s Sl
Slaodls wis olgs plw Cd> an ol3
Jomon 1 Jb 5 il oy sl ikis
(CNTS) 5 ol atgloil cLa yars gy 9]

1Eo | 592500 @S2 g o bl il



o ,Ld olusl s (g aiebs Y-
=B glosil gty (g0l pa—edli 35 Lo LS
S alazs S I, 5 aalllae 5,5 La,Ls ;|
el ] 0350 iy S5 ki 4 g o0
o)l Jalas g i) cla adgloil (nlSl
oS

Sroeh o5l ol 4 lagy ¥
A 3l OlsSier 1y oy slnla 555l
Intercalation) sla ¥ Ly —olas by, -Y-)
:(method

Gl asYa sy | e bolll—w gla Y
ot S5 Sy 5l eslial Uy IS 5k
st S5 g ol Silse L
slaay )3 Lo jyegioe sloys Goli ok
Sl S5 S I o sl Sl
o ks 058 G b 5l e S 5 S
il e Pl Sy s Y ol
gl cale ol w a S ol
555 5, Skee s9l> a5 (surfactants) I
U e ST U 9gs ool el e
Jolo T S 5 L ol s by sl

.Qﬁ_w
S oo slaes) guels 55b
Polymer solution - I ----- FRREEE I -=
: (S » Polymer intercalation
N , rwith clay .

-------------------- Solvent
evaporation

[ 1ro1 00 SH s Cuuy blai

93k ely2 sl Laca ol 9l
(=l Gl ey Sl sl See
I =l 5o eglie s, (g ok
5 Gy w58 ey bl (g mdyan] b
DS oo ol T ol 5o sl pglde
Si> gl laglas cul s en 4
LacMsls 5 Sare 5 (T slaoas¥T 5l 6 Lo

Groeh 6l 2o j5alS 6l (saiy adlo-Y
ool 0l co (6 ol slacy j5elS 5l
Wi gawaab i g ojlasl eSS

o o ple bl p (g0 ail -Y-)

aws Hlgx 4wl e LacyjewlSel
c0d—Sodlawl UM_:)_,LQ E9— Q“L“‘" — rl‘a‘
Lo Loacojamlial -V g & (guispm—uds
ol Lo Lol jsaliol -V (o518 s 5o
5 o le L Loy 5508 6l Y Sal s
Gyl rmile Lo Lacy joralS ol =¥

— PIII:.'I'I'IL'.I' based

= hdcial bascd

= arbon based

= Ceramic based

Classilication {(based on matrix)

-

o FE T EF T P Y EFYFY P P P FY FN FEFYFS TR FETET R



9 ek o905 bsdie Sl (sogee B9 90
P9y 9 Pl S by 1l 392y LS
.J)l_z;“

6 yoely (i 35malS il Gilin Lo lS—F
Laodlrgil anly

Sk slacajealial 5l —alise gly
eIz 5 @l glh— Leodlglb anly
L boe a8 S IS4 (e Lo So

L 50 geol o youdy g, -Y-Y
Lo yogige g Oly3e50 (gl yion ¢ b9, oyl o
ooli_al Uy e ol Loy ks g ig s o oy Lo
ST SL L ol (S 5b S e ST
(Jlie Glgmis a9l o0 05 yordy (loard
J—= o Olssie |y okl (b e alS 5
g dalod J e 68 p0 il (o 0,5
HYS jo e o g posodlS Jie (63 (30933
0S5y 9§ rdy e il 0,5 At Jodma S

L ek slocajsel ol yiw sl il
l_:aJ Izl acs g Lo asile oyl Jlosl
L?’L“"“"_“’ 033 C)L»o‘ LgL:b}L_‘B )‘ VW Ry
ool Lg)lf)'Lw Ry — ) LS‘)—.’ u‘g—’ ' )—*-’
o,

Sol-gel g, -Y-Y

Lo o Ogealioroely (o9, Lo (oS 5 (P95 02
i o Ly il e
slws ;o (Hege ool

Ppy/OMWCNTS, MG, GO-«CD-Ppy, PANI/zcolite, | 25— €9—= la—=es
S5P20, chitosan/alumina, chitosan/magnetic gelatin, 9 }_,J gy l_» O 9

gelatin-silica s S 5 .
Ph(II) GOMCS-ILs, magnetic/cellulose, magnetic NPs/ 6)15 R ! - ‘r"_ﬂ)”

NN WHENG A WL SV EIVY v L [ 09
B A, e like (o laoaiuVT

Class Pollutant Nanocomposites as adsorbents

Heavy Cr(VI)
metal ions

e | e
- S, =I'C, 1, + an + I -
ZPNC, a-MnQ,-APTS/CS Srag) 55 Jolb s,
o) MPS MNP, et St S e
u - s, sericite L s 1
v Magnetic/zeolite/polypyrrole composite S LSLQ R 95" !
Ni(ID) MPS-MNPs Slg—o oS5 6,0 4
As 3D graphene-carbon nanotube-iron oxide N L
nanostructures, zirconium-loaded ° =9y ‘9
Mn(IT) MCSe oogy o=l 3l eslewl Ly
Cd(ID) Ti0,-AM, conductive-polythiophene l» ‘ e
Zn(ID) CA/ZPNC Sde—uST sy «*
Organic Dicofenac 8i0>-Ti0>-MWCNT and Si0>-TiO» U Y | R vA Ut
contaminant Picric acid Polycation-clay mineral |13 Ly 5 SIT
Tri-chlorophenol Polycation-clay mineral = S 95" _
Nitrobenzene Nano-TiO; and ozone Lﬁ).';_w‘ ool erJ‘
Choroform Rectorite/chitosan T s .
Hydrocarbons MSCKs, graphene/CNT hybrid foam N )5 " 9
from crude oil )‘| oolar | l_: sol—gel
Dyes Crystal violet PANI/hollow MnFe,0,4 < 18 oo S5
Para-rosaniline G/Fe;0,4 S S " 9SJ

g sl g0 (o,
grﬂ_s;“"‘-" sloss e

Acid violet 19
Methylene blue

PANI/Fe,05
3D rGO-based hydrogels, MMT copolymer
nanogels, TiOs-fluoropolymer fiber,

TiO;-polyamide 12 electrospun fiber mats, el
ZnS-fluoropolymer .
S L -Y-¥
Indigo carmine CdSe-MMT e
Reactive black poly(DMACI16)-bentonite 9 ool et 5
Ponceau BS Ti05/Zr0O; '

il

ol o g,y ol

Congo red Ba/Alg/CMC/TiO, CS/MMT
Rhodamine B Titanate nanotubes/anatase
Malachite green GG/AO

1601 52 8% ESy g Cuuy & lok



T gloony¥T i —F-Y
MWCNT-TIOY-SiOY slacs ;5.5 3L

ol 5l Slusglis Bi> s TIOY-SiOY
oolaiwl gl BD 9 ¥FO 35 10y o0 o
a__ws Knedel-like @lyds 50 ais i o
J—oloe lo—e ay (MSCKSs) —oblise
pls S )3 09290 SLoan Sg uen oaiiSlax
g 0 oolar il

Al gloojs> 5l S 5o Lagl oi=
5 il Jsloe oSSy ele ay S L]
a3 Ly 5,5 g sla 55 i
313 (S bl Fly sl (e
A Gled o |y pl Cai jo subods Ol 3et
B bl (e So b 5l o,
S, S o>

J—Js 4, Graphene/CNT o, oy 8
L cmgo oz B9 5 el B9—b o>
W9 0j9 I W LA G 0dzr )b
(gl GRS g A jsSs  (HBy A aie
A2 o i 0> Iy g BA > o 8)b
il G lize o JI sloacysslS sl
‘(CIB) Cbgin Ly oo b s oljeS
Dt 5 e bedhol sty st
)_.Ja.w Lgl_cm\.:l:- Ly s_:)L»aL‘B LgL:bd....: ‘).9 C)l_»a‘
@ s sloa wles slanle; ,o «(vinasse)
Dlaxs 5,108 sola_wl 5,5

4o oolai_wl 5,5 o surfactant
oy SLsyorganoclay o | CRd=
S8 oo )8 (oo ol | GEEL
5 ge sab ol CIB |
Gy oo aial o QL=
Cjgel gl AL L
=gl (e s —hy
e ool A o

U P R G g PR CL"‘
&l DI olg e 4 sericite
a—sle gr” &Lmo..\.;.;}” B>
ool ! oy Solei g J8 (g
sericite , » e oly
e ‘3‘9—" L awlis B
L =S wdzr gy
§ S o 45 A ol e Lo Slools Lis

FD 1eooen|eSTe gy b jlai

|]13 a; B3> -F-)
u_i_§) 9 A_:|)_l.9 LgLs'b 09— J_..al.n gr’l'h""\"".’.YT
)‘)_9 solaz_ul S )g—0 Ba—wg pH 0392w O La
5 sLadgdsil slacy joalS sl 0 S o
B> 6‘)—.’ 6(PPy)J)_)L’ LTL’ L sois oS
QJB_M.:‘SA oola__wl )_A-’ gr‘-“-g)b k)“_“’ f’ﬂ}—f
4 Sl 9l s (55, (VD) pg, 5 ©iar

Syl S pH

MGNC) cblise (815 slacy ;5550
slacdale I VD |°9)—§ GBI 6‘)—.’ pu—
e e ool ;o e, S VO Sl Sl
i oo (i ;S5 0ml PH Lo (e ol
sl= 4 HCrOdV) Ci > 4l (imen
le_mu}l @a_..: as ol g,g:._.w.a g/._,\.xﬁ‘g U_" a4
deeSg e sloog S L (5 )9 b a5 18
pH @i lea_.u B S Cwlons o..\.:l_wy
Sl L i Sglite pal St , L
OH™ sl oy Vb o ble | Joa ya S

.Polymer/carbon nanotube nanocomposite

T

Polypyrrole

: Adsorption of
Ilu..m metal jons ©

------------------



plesh el gla by, ¢ilwaie (=l nle
3o ole gl toxicity o LSS
Sl ot a0l o0 s oy o Sle
il ool ol agss

,aj_l; 5! 6‘ axl (WLW p_.») t0x101ty u~—’1°
‘f’ﬁ"’—“’ )_»a.o ‘sal.uo.»_w O‘H R 4_1 4_§
— l_mu‘ )9| ) A_J‘)_" 9 )A_’xa ‘3‘9—" ‘ug)‘o
D318 5 50 005 Dlog>g0

P LS sleie,d 5 pdycu S
Shoolaiwl 51 0 st slsyl Sogll St
IRURT-X AT L S WIS T Sl T - OV ISP PR P
aiibe (ol Slge 4l ;o oz Slss 55
A e —slS )l So e Jed Ly a5 wiloa
aiile slgs dna> b 5l alie slooje>
‘_ri;b'- slaYls ‘Lris.sjj.:SJI sla¥l5 ‘u_ig_/;;S.H
el o _basals o a5l 6 el
39 j9= (G yod Slangil ol dan Lo 185 ¢yl

Lo )5 gl S5 olaiio yo 0lg—o (304
Sl it 75 58 g ol oz > SO
Loacojsmlol ol drwg mogy 5 aiS

Ll 5l 0550

A l5-F
sloop)5 0 gy lalyjslsil
PATEE OV-\FIPILNIL ON-SS S | | L WA VT PSP W 5
L B T e R L
By an ;0 059 A W wd , Tduie bl
55 5 S8k pletB o gum Sl Lo
Lo jsralSsm L 530 (6,58 S 5 - (i
i Gl loauS lgasl il asles o

Al o S (5l B n ey

l, glatasdMe J B e .l o] slacs;guals
09_> )| l_s'bo..\.ﬁ.g.Y‘ N VN &‘9_>| sT:d._?- 6‘)—.’
U P N C Py B YGRS PPN L S TN W S WA
Lr’gUboA.:._:‘Y‘ RS 6‘)—.’ oY) SLs u5—..»lf
(PA 5l S Se) Jyty s 5,5 ails
oolaxwl o041 ST 51 (TCP) J—8g IS 5, 4
R PO

poigel Jie 69 Jdl (50 (b i i
— oy Jee-F- L s PDADMAC) oI5
sl y9elise 59, (PVPCOS) (bl 55
FY) iy otzs JB j5 b 4y (MMT)
2l oo a8 e (s, F-T) cdgw 5l (cels
g 0018 ol o090 Jsdin sl a4
b3 (—52508) TCP 5 (—55DPA 5o o

=S L L PVPCOS (555 s 4 s i
s Ly PDADMAC 5515 L 4y Coos

PA Bi > a5 Il o .asel Lias i
Jl5 L..a).n.» PVPcoS-MMT &yj5.elS losgs
ol 51 48— 7fe 4, TCP Bi> o
PVPcoS- 4 JLail ogoau—w, oo a8l
s ST Vil g | ab b wgs Lsdee MMT
Yl sl g J2d o wgi o omen Ll 09—
Cils 0y g 5 PA 5,5 0y Sl wlg Sl
il il el PA ol oly
S (b ol ogbye slacygals 4 o
o ol JLasl Giolisl el TCP 5 ST ole s
Db aSlhoaes slady;eals
G948 sl— o3l 9 Nano-TiOY |
95— je—ax o 5 oyl i eolai
356 5 Sy 09 b an ol 51 el
&l oljs—uSirectorite Sy w3l wos
35 1 s dpgg ol Jsrlows 5| CHCIT i
rectorite Sjs cows L (05508 gl Q3L
3 Yl i b, 00 5T ol g
adsle i o9

oan] ;0 (6,9l9 Lo jeualS 5L-0
«Oly34 50 g Lo joudy 5l oul 3w a0 dlge
S Ples bl Blhasl slacs jols
S35l ales S ol jsie (loerd
el alyglss oly e an g gl | (oo b
R Sgd—2wo b‘j_nyl.s tOXlClty L)u_"\) Lol

Wu:fs.mwéumwﬁwo
10 1 9280 PS2 9 oy b loit



™1

Ol—eds sr—oudy slacujeslisl  glyl
Lgl_aso..\;:{YT 6‘)—.’ J—AT)[S )L_Mu LngT:.SL?-
N a9 ads ol oy, e g S Ol3 L8
Jo—ily Lacn jaeS gl oyl Lblon i a8 S
ol L;{Lmﬁ)lf Oz 5 eolawl gl g0l

YU i cod b Lo an L 4 s

g Yo glanl ol o) Slae | e ay a S
S9—>g0 LgLaoA.qYT Ao Cousd (r’l.?(.a." ol

u)i_,als 5o

[17 A. Kortenkamp, M. Casadevall, S.P. Faux, A. Jennar, R.O.J. Shayer, N. Woodbridge, P. A. Obrien, Role for molecular

oxygen in the formation of DNA damage during the reduction carcinogen of the chromium (VI) by glutathione, Arch.
Biochem. Biophys. 329 (1996) 199-207. 234 New Polymer Nanocomposites for Environmental Remediation

[2] M.S. Baei, V. Babaee, F. Pirouz, Preparation of poly aniline nanocomposites for removal of sulfate from wastewater,

2nd International Conference on Chemistry and Chemical Engineering, IACSIT Press, Singapore, 2011, pp. 95-100.

[3] M. Avella, A. Buzarovska, M.E. Errico, G. Gentile, A. Grozdanov, Eco-challenges of bio-based polymer composites,
Materials 2 (2009) 911-925.

[4] M.J. Trindade, M.I. Dias, J. Coroado, F. Rocha, Mineralogical transformations of calcareous rich clays with firing: a

comparative study between calcite and dolomite rich clays from Algarve, Portugal, Appl. Clay Sci. 42 (2009) 345-355.
[5] N. Maes, I. Heylen, P. Cool, E.F. Vansant, The relation between the synthesis of pillared clays and their resulting

porosity, Appl. Clay Sci. 12 (1997) 43-60.

[6] LY. Jeon, J.B. Baek, Nanocomposites derived from polymers and inorganic nanoparticles, Materials 3 (2010) 3654—
3674.

[7] F. Hussain, M. Hojjati, M. Okamoto, R.E. Gorga, Review article: polymer-matrix nanocomposites, processing, manu-

facturing, and application: an overview, J. Compos. Mater. 40 (2006) 1511-1575.

[8] P.C. Ma, N.A. Siddiqui, G. Marom, J.K. Kim, Dispersion and functionalization of carbon nanotubes for polymer-based

nanocomposites: a review, Compos. A: Appl. Sci. Manuf. 41 (2010) 1345-1367.

[9] D.R. Paul, L.M. Robeson, Polymer nanotechnology: nanocomposites, Polymer 49 (2008) 3187-3204.

[10] R.A. Vaia, H. Ishii, E.P. Giannelis, Synthesis and properties of two-dimensional nanostructures by direct intercalation

of polymer melts in layered silicates, Chem. Mater. 5 (1993) 1694—1696.

FD 1eooen|eSTe gy b jlai



(Taber),,u“ b S ESIPTRT [ 39 e

: Okl bap

: Ol LEGGHS ol (g (suilidis LS (59l |
9o c.)L.A.o_m )‘9_: 9o 0)—‘-?6“’ )‘)_9 Ko :4.0&&6.0

a8 5 ||, 8 (Abrading Wheel) ool 0, 8,3
oals JI, 3 (p, S VO L VO ) cwlio 4y
o3 59,5 TS Sz p9=Ss S5 sSee
Comnd B 09_“"(59 oolaz_wl oo éL?u‘ u‘)b 9
S el ) LB as a g L og s jlel ol
p_..bd.. Sy Ko [PEIVA g V) ‘L:M.i}o.;
0,lg—ad .wloads axi ol o, 8.3 glay
el A2 0 Ve d g0l g 0w dho a4y
oo laibwl 51 G ASTM DY-#- 5 skl
Sk g (T sladiges Gl (o) cp

.w‘

Vs Gl olfuws shial -\ s

S8t sl il Sl (S (—tale caglie
Yo Saslw .crulolgno,0)l5 5 plos o
e Jgmaze yas AalS 1 ogdle alyi oo
o iy D9t j Jomarme 5,0l and 4
Wt $3lg—e G fe jl S0 L KS)
ot 9 Wt Gl (e 5 o)l 45
ol Gl Sl Lol il caglie
Cooglin i > oiwo L s ol oK
Crino y0 ol Jt 3l (=0 —iulo
ool (g =S ojlail Sl aS 009 Sy g Lidig
2 ogdbe WS oo pal ) gl ol Ole
(e Sy aslis jo ol ws ol (S,

Vs )ls 0 )5 Sial s 9 3215 o0, >
50 S B,me VAV a2 o 5 i

AESVTV R YU S B | f [ | S
u._.u.su 6‘)‘—" &L@oli’l._ué
Slg—e e 5 (b Ple=>
oK _wo “.As)_w L)'_"‘ Ko
&lo— 5> (Teledyne) ol

Precision Yacuum
# Pick-Up Height
o - Ay

VRAY s )5 s 5 B
Taber a «o S , 5 L
[v].sls sls ,— 35 Industries

Ko )ti.">l.w
dm dssed O sal Gl
ehe Gy S Oj9—o
(Specimen holder) oo loa%S
Gy ASged 3, S o0 I B
clio Sl a sy s (g9,

—) 9 o 6@00*_“9.’

1601 52 8% ESy g Cuuy & lok



HS )

2 olimd (59 e 9 00Dy Asiged
Mb})o l_’ ool O)L\.:L'._m‘ d_>UaA é)_afsa
599 5 Hleg! (439 wwoliaw A b g4 (5o
0398 Ll 5 00l (6 ,—Sojlail sa e d_Sgad
90— ool 6L‘°C}" dSged oy [
(slos! ygdmd g Lo g oo, S i > a
u‘)b Uw.’l_u Jl_‘> 30 9 039 =, )—AA‘;M Y.
e Sanbw 0gdio gt pe=Sy S5 4
RGO UM «S_M.io SS9y °)_~’~"> AS_: O yg—e
(¥ ) [¥]

i Ve 3o Hinlw wal e -V 9008
[€] el g0

od—bodmlw ool b G e g0 S -V o 9ua3
Yo+ (_))'951)2' odlo—w sHL)wLmOliuubb_my

Z--)})g.;uo_m)_%)b[o)j

1.Taber Rotary Platform Abraser (Abrader). Available from: https://www.abrasiontesting.com/abrasion-testing-instru-
ments/taber-rotary-platform-abraser-abrader/.

2.About Taber. 2019; Available from: https://www.taberindustries.com/about-taber.

3.5135/5155, T.1., Taber®Rotary Abraser.

4.Industries, T. Taber Abraser (Abrader); Available from: https://www.taberindustries.com/taber-rotary-abraser.

[ 1o o spin] ST Cauy blodd



| cram ftire

Members of the ChBME group in the MIM Scientific Journal



featur

cow |

Presently, she is conducting research as a
Master’s student on chemical recycling,
synthesis, nanocomposites, and antibacterial
coatings at the University of Tehran. Her
research interests are intelligent drug
delivery systems, tissue engineering,
biomaterials, and intelligent polymers.

Pegah Shams is a
Master of Science
student  in the
medical engineering
field of study in
tissue engineering at
the University of
Tehran, Iran. At
present, she s
conducting research
in the field of synthesis and characterization
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tissue engineering scaffolds as well as drug
delivery with the help of metal-organic
frameworks under the supervision of Dr.
Mehrdad Khakbiz in the tissue
engineering laboratory of the faculty of
New Sciences and Technologies at the
University of Tehran She is also studying
and researching the surface modification of
vascular Graft under the supervision of Dr.
Mehrdad Khakbiz. Her research interests
include the synthesis of 2D nanoparticles,
the optimization of polymer scaffolds, and
modifying biomaterial surfaces.

Hoda Ostadbagher
is a Master's student
in the polymer
engineering student
field of study in
processing at the
University of
Tehran, Iran. She
has also completed
her bachelor's
degree in polymer engineering at the
University of Tehran. Her Master’s
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polymerization, biodegradable

polymer recycling and synthesis of
biodegradable polymers. At present, under
the supervision of Dr. Mohammad Najafi,
at the University of Tehran, she is
conducting research on "Synthesis and
characterization of poly(butylene-adipate
co-terephthalate) from recycled
poly(ethylene terephthalate) "She is also a
professional in Flow and MATLAB
software. Her research interests include
biopolymers, drug delivery, biodegradable
polymers, and recycled polymers,

Hediye Taghizade
is a  Bachelor's
student in polymer
engineering at the
University of
Tehran, Iran. Her
interests are 1n the
fields of application
of polymers in
biomedical,
biodegradable materials, tissue engineering
and metal-organic frameworks.
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Engineering, Drug delivery systems, and
Metal-organic Frameworks. Her Master
dissertation is on The use of Nanocarriers of
Metal-organic  Frameworks in  Drug
Delivery under the supervision of Dr.
Ruhollah Mehdi Navaz Aghdam at the
University of Tehran in a joint study with Dr.
Seyed Hossein Ahmadi at Tchran Heart Center
Hospital. She has also been working on a
research programme on the production of
Placenta Hydrogel skin patches containing Zine
Metal for the repair of infectious wounds at
Tehran Heart Center Hospital under  the
supervision of Dr. Seyed Mohsen Ahmadi and
Dr. Hossein Eini in,

Nastaran
Moghaddas-Jafari
is a Master's student
in the polymer
engineering student
field of study in
processing at the
S - ﬁ, University of
rL{' A i | Tehran, [ran.
Among his research
in biological fields in the Master's degree
study, we can mention the manufacture of
electroactive skin wound healing based on
biocompatible polymers under Dr. Seyed
Hassan Jafari Amanabadi and Dr.
Vahabuddin Goodarzi, as well as
research on targeted drug delivery through
dendrimers. Her research interests include
skin micro-needle patches, 3D bioprinting
of polymer scaffolds, self-assembled
polymers with formal memory, and metal-
organic frameworks,

Zahra Behrooznia
is a DBachelor's
student in materials

and metallurgy
engineering at the
University of

Tehran, lran. Her
research  interests
are in
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manufacturing engineered vessel scaffolds
for wuse in vascular tissue for
characterization. She is conducting her
bachelor's project under supervision of Dr.
Ruhollah Mehdi Navaz Aghdam. She has
also researched bile polymer stents. Her
research interests include tissue and
biomaterial engineering and research in
biosensors and glass-ionomers,

Samaneh
Ashoorifard is a
Master of Science
student in  the
medical engineering
field of study in
tissue engineering at
the University of
Tehran, Iran.
Among her research
in the Bachelor's period, we can mention
the  synthesis and  study  of
polycaprolactone applications in biology
under the supervision of Dr. Mehdi
Rafizadeh at the Amirkabir University of
Technology. Presently, she is conducting
research in skin wound healing under the
superyision of Dr. Jhamak
Nourmohammadi at the University of
Tehran. Her research interests include
wound healing, skin tissue engineering,
and targeted drug delivery systems.

Farnaz Faeghiis a
Master's student in
the polymer
engineering area of
study In processing
at the University of
Tehran, Iran. She
completed her
bachelor's degree
at the Amirkabir
University of Technology and has worked
on the synthesis of cellulose nanocrystals
based on different sources under the
supervision of Dr. Vahid Haddadi Asl.
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Milad Panahi
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Master's student of
chemical-biomedical

engineering at the
University of Tehran,
Iran. His master's
research concentrates
on fabricating
microfluidic channels
to synthesize nanoparticles for use in neural
tissue engineering. Presently, he is a Master's
researcher under the supervision of Dr.
Fatemeh Yazdian at the University of
Tehran and Prof. Amir Shamloo at the
Nanobiotechnology Laboratory  of  the
Faculty of Mechanical Engineering of the
Sharif University of Technology and also
under the advisor of Dr. Mona Navaei-
Nigjeh at the Faculty of Pharmacy of Tehran
University of Medical Sciences. He is also
researching a new drug delivery system for
breast cancer treatment under the supervision
of Dr. Fatemeh Yazdian and Engineer
Mehrab Pourmadadi together between the
Amirkabir University of Technology and the
University of Tehran. His research interests
include microfluidic devices, organ-on-a-
chip, 3D bioprinters for tissue engineering,
and applications  of  metal-organic
frameworks in biomedical.

Sara Safakhahis a
Master's student in the
chemical engineering
field of study in
biotechnology at the
University of Tehran,
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served as a Research
Assistant to the United
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Social Commission for Western Asia
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researched mathematical modeling of
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Dr. Farzaneh Vahabzadeh at the

Amirkabir University of Technology. Her
Master's research concentrates on drug
delivery to the cardiac under the
supervision of Dr. Zeinab Salehi. She is
also presently working with Banda LAB
Accelerator under the supervision of Dr.
Omid Tavakoli. Her research interests
are targeted drug delivery, cancer
treatment methods, and tissue
engineering.
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a Master's student
in the chemical
engineering field
of  study in
pharmaceutical
engineering at the
University of
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formulations of pharmaceutical products
for some time. Currently, her research
activities are in the "construction of
biological substrates for topical drugs"
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supervision and "piezoelectrics used in
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Zeinab Salehi. Her areas of interest
include pharmaceutical biotechnology,
tissue engineering, and drug delivery
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a Master's student
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Voices of Chemical-BioMedical Engineering

MIM scientific journal is a subset of the scientific association of Chemical and Polymer Engineering
students at the college of engineering at the University of Tehran, which this scientific journal
introduces members of the ChBME (Chemical-BioMedical Engineering) group. This field - BioMedical
- is the most important, up-to-date area and one of the most exciting areas in chemical engineering
which introduce advancing knowledge and its applications in modern medicine.

hat will be the most important

areas of research in chemical-

biomedical engineering over

the coming years? Which
technologies will be most important to
advance knowledge and applications in these
areas? MIM scientific journal has assembled
a group called “Biomedical”, consisting of
bachelor's and master's students, each of
whom has done prominent work, to answer
these questions, and each in their field of
study will help by producing appropriate
content for the audience MIM scientific
Journal,

Introduction

Robert Samuel Langer, Jr. FREng
(born August 29, 1948) is an American
chemical engineer, scientist, entrepreneur,
inventor, and one of the twelve Institute
Professors at the Massachusetts Institute of
Technology (MIT). He is considered a
pioneer of many new technologies, including
controlled release systems and transdermal
delivery systems, which allow the
administration of drugs or extraction of
analytes from the body through the skin
without needles or other invasive methods.
One of the most prominent students of
Professor Langer, who has made many

as a chemical engineer in diverse areas of
microfluidic systems, tissue engineering, and
targeted drug delivery, is Professor Ali
Khademhosseini.

The biomedical orientation of chemical
engineering, given that it s an
interdisciplinary trend requires a large group
of engineering and various medical sciences
to create advanced medical devices and
targeted drug delivery systems. Biomedical
fields  include chemical engineering,
mechanical engineering, electrical
engineering, polymer engineering, materials
and metallurgy  engineering, medical
engineering, chemistry, physics, medical
sciences, and pertaining fields. Given the
complex physiology of the human body, 1t is
evident that the interdisciplinary tendency of
biomedical contains various disciplines; for
this reason, there are many challenges in
designing and  developing  reliable
technologies. The future trends in this field
should focus on dynamic biomatenals,
personalized medicine, and additive
manufacturing to  improve  disease
diagnostics and treatments.

In the following, the active people in the
biomedical group (ChBME) of MIM
scientific journal, which 1s doing research in
various areas of biomedical, are introduced.
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Finally, the prepoly mer and polyaspartic ester are mixed
(final mass ncar 10 g) and poured onlo a disk for the
abrasion test. (Table 2) The machine is staned with 400

rounds and 1.5 kg weight (730 g each side)
Tahle 2-Mixing ratio of polyvisocvanates and polyvaspartic ester

Mame | mmol Isocyanate/g | Iso Mass (g) | Polyaspartic (g)
c4 4227 4.0 5.0
Ca 5.657 3.0 8.0
Cs 6.5616 3.0 7.0
C10 7.303 2.8 7.2
DI 11.481 20 81

Results and discussion

The amine value of TH7301 is 309 mgKOH/g which is
close to the catalogue (300 mgKOH/g).

Table 3 provides information about the mass loss of

different samples.
Table 3-Mass loss of samples
I t o - .
Rokshe Initial Final Difference
Sample Value mass (g) | mass(g) [{:4]
(mmoal/g)
Cc4 4.23 364 35.68 0.72
Ce 5.66 39.28 38.78 0.5
cs B.62 38.33 777 0.56
C10 7.30 40.4 39.67 0.73
™ 11.48 36.93 35.6 1.33
Infsrcapd = 3 TO051, 1 = 110621 = Differenca
075 e
.
< !
Ll
E{I.ﬁﬁ--
:
£ 060 4 _
E /
L]
0.55 4 ¢
0.50 4 o ]

1 1
40 45 S50 55 @0 &5 TO TS
Isacyanate Value (mmol'g)

Figure 2-Abrasion trend of samples
The minimum abrasion appears on 573 mmol

Isocyanale per gram which is equal 1o NCO:OH near
6.2:1 (C&.2). The predicted value 15 0.49 g and the real

value is .43,

Conclusions

The abrasion behavior of different polvaspartic polyurea
coalings is discussed and a model lor that is generated.
Based on the model, ithe minimum value of abrasion
will be 00.49g in a sample with 5.73 mmol isocyanates
per gram (C6.2) while the real value is 0.45g which has
betier resisiance than the predicied value.
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Abstract

Polyaspartic esters can be used instead of the usual polvamines in the polyurea system to overcome
fast-curing and complex formmlation problems. Abrasion resistance of polvurea systems is one of
their most important characteristics of them. Therefore, the abrasion resistance of different
prepolvmerized isocyanates (using TDI and castor oil) are measured with a Taber instrument which
leads to a quadratic equation that predicts the best resistance in a sample with NCO:OH near 6.2:1,
The calculated value and experimental are compared and show a close estimation.

Keywords: Coating, Polvmerization, Polvurea, Taber, Prepoly mer

Introduction

Polvaspartic esters were recently developed (1990) due
to the wok of Zwiener as a co-rcactant  for
polvisocyvanates. Becaose of their umique  chemical
struclure, 10 1s possible 1o provide a whole family of
products. In addition, chemical hindrance in these
materials  leads 1o a  slower reaction rale with
isocvanates  which increases  gel time  and  longer
apphcation.| 1] Polyvisocvanale can be prepolvimenzed

using hydroxyvl-contained  material.  The  matic  of
NCO:0OH should be kept below 10.]2]
Polvurea svslems have more hydrogen bonds in

comparison with polvurcthane sysiems which make
them abrasion resistant.  Furthermore, their unique
characieristics make them popular and are used insicad
of polyvurcthane and cpoxy coalings notwithsianding
their complex formulation and fast curing that cause
application problems, On the other hand, using
polvaspartic csiers helps these sysiems 1o overcome
their drawbacks. (Simple formulation and increased
work time) [3]

Taber abrasive instrument, designed 1o measure
abrasion resistance as a result of mass loss duc 1o
friction over the samples and abrasive wheels. [4]

Experimental
TPl (Karoon Petrochemical), Castor oil (ULTR
Chemical Works) Dicthylmaleate (DEM, Sigma

Aldrich), TH7301 (Epotech), HCI (Sigma Aldrich), and
Bromophenol blue are used as materials. A Taber
Abrasion Instmment (Farvardin Azma Tazhiz). P40
abrasive sheet, and wood disks (Aghtaee) (figure 1) are
used to measure abrasion.

K G 4

Figure 1-Wood plate
In the first. TH7301 was titred using HC1 0.1 M solution
and Bromophenol blue based on ASTM 2074 1o
calculate the amine value. This number is necessary for
the stochiometric mixing of polyvisocyanate and aspartic
ester.
Making polyaspartic ester imvolves mixing DEM:
TH7301 with 1.9:1 (by mass) at 60°C for § hours, A
simple Michael addition led o a new hindmnce aming
which is known as a polvaspartic ¢ster.|2)
Next, TDID and Castor oil are mixed in appropnale
proporlion at 100°C for 8 hours lo make TDI-Castor
prepolymers, (Table 1)

Table 1-TDI and Castor Ol mixing ratios

MName | NCO:OH | TDI{g) | Castor Oil | mmol NCO/g
c3 3 100 138 3.21
c4 4 100 103.7 423
e & 100 69 5.66
CB 5 100 52 8.62
10 10 100 41 7.30
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