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The Effect of Treatment with Microencapsulation Technology Enhanced
with Vitamin E and Tetracycline on the Functional Properties of
Cellulosic Fabrics

Abstract

The present research aims at conducting an experimental study to demonstrate
the effect of using microencapsulation technology (microcapsules) enhanced with
vitamin (E) and tetracycline on the functional properties of cellulosic fabrics.

Vitamin (E) has received considerable attention recently due to its importance in
strengthening the immune system, as it is one of the most important antioxidants that
protect body cells from damage and maintain the health of red blood cells. This led us
to search for the best methods to acquire the sufficient amount needed by the human
body, as well as using tetracycline, which is used in treating skin infections resulting
from bacterial infections that cause ulcerations. This was achieved through attempting
to treat the fabrics produced under research, which were woven at Misr Spinning and
Weaving Company in El-Mahalla El-Kubra with multiple variations. The warp yarn
specifications were constant for all fabrics, with the warp yarn count fixed at 1/20
combed cotton English count. The weft yarn count used was 1/30 English count, with
28 picks/cm. The production was carried out with the following variables:

o \Weft yarn material type (100% viscose - 100% cotton - 50:50% cotton/viscose blend).
e \Weave structures: plain weave (1/1) - weft rib (2/2) - twill (2/1).

The fabric samples produced under research were treated with
microencapsulation technology (microcapsules) enhanced with 500 mg of tetracycline
and 15% vitamin (E), using different treatment concentrations of microcapsules (0.25
mg/L - 0.50 mg/L - 0.75 mg/L). Several polymers were used to form the
microcapsules, such as sodium alginate and gelatin, which form a shell for the
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microcapsules. Subsequently, a new technique was applied, and the fabrics were

treated to improve the functional properties of the product and impart unusual

properties and functions.

After implementing the fabric samples under research according to the specified
specifications and variables, some laboratory tests were conducted to determine the
level of functional performance quality for the fabrics produced under research.

The data was then statistically processed to study the effect of study factor
variables on the functional suitability of the product. The study reached the following
results:

e The best specifications for the fabrics produced under study that align with the
functional properties of the product subject of the study are in a fabric produced
with the weave structure blend cotton/viscose (50:50%) and weft yarn material
weft rib(2/2) with 75 mg/L with the best composition of the treatment material.

Finally, the study presented a set of results and recommendations that, through
concerted research efforts, can develop the level of functional performance quality
for the fabrics produced under study, thus contributing to the development of
textile product quality.

The research also recommends the importance of using vitamin (E) in the human
body and working on employing it in other scientific research, as well as focusing on
treating fabrics and enhancing them with tetracycline.

Keywords: Microencapsulation technology - Vitamin (E) — Functional Properties -
Tetracycline
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((ll) dalall sl e 99% () Jemy Lo iy daalall 038 eansy - Glaisal Gl
3l 898 ¢ pardionall Cppadsal) (s daail) cdanssl) PH e Jalse s il jiahls B2 g
-(Abdamowicz, E., et al, 2015) tb WS daphall el (Ko .--(ionic strength)

L) Py Ghsedsdl Jeliy o

Shadl skl caws (polymer-rich phase) sedsdls e ysh (Ohsh J<in o

(dilute solution) iéda Jslaa ae (i3 (complex coacervation) aesal)
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& e pgha€ ikl shall Jeay Cus (supernatant) AUl gl e
i HelaS diaall oSl skl Jasy (s
Bk gl aven JS5 cAashiall 8 PDaDL LG e Ll salal) cunds 5y o
aShiall elall cpe (5 by Ll daxs Al Zalal) salall oda (he
bl o el el Jalls c¥seS Saall Sl L) bl ol 0
(Cheng, S. Y., et al. 2008) (simple coacervation): Jasull oSIall —y
34 by o(CabeS) e + anly sadsy paiin <0y Bkl Bl ekt e
el (o 43S 1€ ALl die Csadsll gLl llaall johall 3 Jlsdil iy Allal)
JpaSh i o of Dl (e DU a8 Jailae 715 (S «dllandl ada )
. 3Ll s3gs PVA
(1gbal, K., et al, 2019) {emulsification) <Maliud) —¥
Ofishd ety (¥sanSs Kol B Al 3 Lnalad Wle (DY) G 203
lead Gt
A anal) Lgeisis V5o uall ann 2383 ) CSatl) Y] sshal)
Jana cctuianlly L lall aaatnal) Sleall (e 2usbipill cliabllls 55 ladl sta
ol Jhe A dbia —Ljadll clialylallig ey tall ama A dadal) Aoy
- skl BES; clag il ¢ alaud
BaaSs o e U< sphaal sda il ey Sual) JSAT 24 st —
U i A8 ey L il LS (surfactant) adacdl 57l (il
ALl Jals Jhe 4Ky dha dalsey ¢yl Loyl aadi el e sl
-(Fabien, S., 2011) . aUail) s Aball
3 5t (G3ST5l) sl e Call Aagliie L) Al JLaal st (S
Aagiy edld dam laioal) Juadid A3h e sl daslll clpaladl) o oS oz yaadl
«(Pan, X. 2013) : ey cldaidl ld axe ) (35 sue o]
(flocculation) ) * (droplet rising) 8ykaall & L) *
(Ostwald ripening) zgaill * (coalescence) alazly) *
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sac Lusall gl @.wa\ sl ilimiiie Cilaat bl 4005 8305 Jal e
ol mhaudl e e Ll 3) ola 93 Lel dlgall odag ccdlanay) Jd i) e
Coill Jlehl o oadand) gl (anids g ccul culd Joa Ak Juanl (sle —u)
L iy i) (e god llin o LS ¢ jral V€ S Do dasla oLl
Y (eSaY) draY liia ol dug ) Kkl Jhe dgl 8yaa dula ciliia aladiul
Cllat il 238 o2ty gl Gy Jealdl il mhaldl e liall sia
Ciay i) (Pickering) alladl ) & (Pickering emulsions) ginSe cildaio
ale b el 5ills U8 G Bya J¥ @iyt Ll e a2yl e <1907 ale 5alLl 23a
4aally pH g 85y al) 450 33 ¢3)6S3 ) (stabilizers) cluial ) 8Lyl 1903
callaied) Aol e Jaliall dals Jalge calaivedd) Jalig @lijatl Ligllaall

A(ionotropic gelation) s algill —v

oda Jal Ll clial) aodiisy iaadla £y Ke alusgl LS 3Ll 23 gs o
S A 35 (s5m (sl Jstae platials Lise cilialI) dle ayy o5y 3) sV
sl 8IS ol asadlSl) oS (Jia IS Baaaie
ASilie ~Auilnd of Auilid 8 (TG
A(spray drying) 33,4L ciadatl) )

Lalea oo 5l Jats ) Aladl) 220l alal) iy Uia cpunSy ol (3 1
Adalal) salal) (Ao golall Jilaadl Joldaall s iy o5 ¢gpuadgr Jolaa 4 (suspended
Ayl slgeall il Yy Al clga (B dacls Bpiaa ki€ DL ISl uadsll
(a2 o5 celsall (e Yoy gl Lo pladial oSa eSO dulua Lidis
. (air suspension) Llga Vg Sl Joadip Gl aan elall Hadi 3 Adls 5yan
-(Cheng, S. Y., et al. 2008)

o o A ccbubid) (e b oS0 a8 dadladd) QS Tas Bus Akoyhall oda Ja3
cciniatll Aalee DA W2k 21y o GSag daidie Glile Lad G (5558 A yhaall Agall
Dy LSl ) (6250 Lae gl mdans e (calll) sl 5ol (e 4aeS 25 38 LS
g cdilie pe la 058 o (Kar Alladl) 33l (e 8508 A€ aladiad diey clgiadl)
Aaeiall milsyll ae 0 Y s CDLS el b DAl ALE Sl sy pladiul
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gas= ¢ SLad) 385 Jane cCiniadl) elga Bl days (o dnlead) 0dgl dpaiyl) i)
CYguaSg Saally caaaill Bran arenady cdalleall o) cciinall Ban & dish)lls 5))al)
Tob paas (5S35 (595 Ty ) all) Barxia Jaai (e o L Lgnle Jgeanll Sy )
.(Adamowicz, E., et al. 2015) . (150 pm) s Cilig S Bac G
A(centrifugal extrusion) &Sl 3lalls g —Y

<lalas as (rotating extrusion head) s (s oy aladid dayhall s2a & &
i ¢3S0 gl LA AbLa) A8l Balall wds a3 e s g ySeall JiSil 40585
die Loyih A e DL IS dame ils ghE DI (e A G Bale a2 o
amis aalall 038 (e Lo (3 el Lusesa GO Jala 20200 5l 38my =LA Auls
Ay« b Jale A (passge) slall e daagie bty Ll 1aa e el puadll
S el e Bl gty pdend dlag BRI AaSUll Lball gy Saall Juad
-400 pm) cre i Lo 8y g€y Ko Ll 5liee dalasll a3 3a3 . lild) e
.(Cheng, S. Y., et al. 2008) . (2000
:(Air suspension coating) (deall slsgdls ciulasl) —¥

s wig (il Jolae 8 anly) of GO (<8 (63 gl lgail 2y Lin
Ganag celon Lo 8 Lghled Iy o dpdads fyaa 8 Lol salll (e doliall cilinial)
e ol LA slll B ok 535 caall Jial b 2 las e glial (00 s
ki F el e Taes Bas Aalaall ciliiall o Jaady cdlladll saldl) cilivia e (D)
3gaty oDl Culiail jsgaall aps ol Cudall dn 2 o8 cdaxil) syan el ¢lsa
i @i sae DA Glye Bae 5ysall alad Eua dygall saley Braal) Jaad ) Ll
a5 B3k Akl oba 5 LAl Auglladll AUHH ) Jpaas
sl of il Aeadiiall Aol salal) 05585 o 23LAD (e g AR N5y Saal)

.(Cheng, S. Y., etal. 2008) . (powder) (3sase sl
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iDad) il Ay cull) s )l
B e Qlll juad AT Jie Jalada (4) JS& agy

Cin (s) Ci < G

a o Cin oM ol
o Cours) |4 C s \A)
{'-uur [ S 7 < ™ . )l
(a) (b)y <) cdy

.(Pan, X. 2013) (3&; i e cll) juad 4] Jia habia : (4) JS&
lll Baley dihes dlgesSy S0 (@
G s el bl e Tas h Cdle Ailady dlguSy Kue (b
iy ol J213 ol (pa Sl gy 03 oyl sl i ek i aai (C
S e S J8 G lpanS)Saal) ls ) & lll 585 055 Liag
daly cudall &l 585 06K WS <Gy AlguasSy Sl Jala cudal) 8
Cordall & PadU Qlll 46 dadl slue Gy A gy )Sodll
Jals Latide i et e dlajall sda (b ol G5t al pai e (d
LG e J8 g 5)Sall Jals cutall 8l 505 (09Ss5 cdlpunSy Saall
il 3 Pladl il
O—e ATldll Sl 5ujan sl 4 ufyay 2012 ale (Mercade-Prieto) L3
pasd —Omdaall (re (328) DLy C¥snS5 )Se dabiall 028 (A padiuly (CY5ueS 5 Saal)
hfr < o dlgeg 55Kl jhi Cawat ) h GO a8 4w il Y (MF el
AL (e Y (2l cuia) aaly il sl sl saiely (ljle LSa (gyas (0.07)
el 5Ll il iyl bl Jagral clldy (gpne ciag Bl Jslad (pnyslal
Lblas dayla dlalsy Sl ool 8 8yl (graall Cill Huat Hidls (DA e
(UV— Vis). Lacsiil) (368 2aiY) dilidan Slen a5 daalia
:(homogenization) dwilaall 4ales
=35 (hOMOS) :(pand il 4ulsy S & (homogenization) dslall
e () 5l) ol e e Uil padius dulee a5 gl ity (gEN0S) 5 ¢ iall
o ilad) aal Jogaty el clatiie () Legligady (031 (5 2als) zhaald culils
Clatiul Aleall sla 8 aiag ¢« HAY) Bl B aage J<0 deise el pra ciliia
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Ay aaly (bls AT Cilatne Ao Jyaanll Lpana Julitg cplilad) aaf eyl cundng
lee 2ol ) ¢ Guigalally 8ol JSinl dwalaally GO ddae AllMT A gl
DAY elall Jals didia jaal alaal 3 s ) cppplall aal Qg 6 Al
Y dashie o Jyanll ey marng ¢ AV & pan Yy yabadll 038 Juai ¥ G
.(Pan, X. 2013) .4laziall dual) Jsall gl e g5 51 (g5

e Bl alaiiaal) L 2y Ly (Al dcilaall 1 dilaall (e pless @llia
paa oAl 3uh o laie S S Led Aogilil) dwiladlly cdliadio Jils
pladialy Glatiaa) ) 38U auaity Guilal) G g lie 3sage Gilatiens (A ol paladl
dal (e plaball delin Jie cileliall (e apaall 6 axdiy (3 dalaally Llall jlea
b gl AN e leall 1ia cabidng ABLL sl & cunll duilaay cuids
il Ll e il latiod) e Lailats Bla ST Glaics J<a0

(Weiss, J 2008) : a5 Clulaall Luss) gleil D 2ag
(ultrasonic homogenizers) sl (358 7 1sa¥l Jasi Cilaailae =)
( high-pressure homogenizers) gkc Jaria o e Glalas —Y
(mechanical high-speed homogenizers) &dle e Joaat LK ciliailas —Y
P e LSSl ol Jads
Jleal) say (rotor — stator homogenizers) (Llss — <) cluilas @
eal) el jida (8 dasecan Lid (5
-( blade type homogenizers) 82i 5353 Gluilas o
8L3 (998 it Adlide Jald gy Adlea) wiy A el deyd) il Clalaall
e oabie s Llad clpulaall ol il Cualiing eclyudadll aaa i Jal e paillS
b oo anall i il 75 g bkl Llle GUDAY Wiz ally Jalal) de yu
Jaal) ol LS (Jle daa cant (3rn plasa 3 Lyyas ol (558 ) Jilgud) g Lind)
.( Shah, N, P., et al (2009)) .&aalill cybadll ans i
L Aulgll) clallaal) b N geng Saal) LA aladti)
celdall ¢ poaill caladall e SV Ladll e aaall ) Vs Saall dass Slin
Glglesll delia ccblatl) Aallas ¢(cosmetics) Adseail) Mgall (Arad il LUal) cde))3l)

yd4o
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s3a (gialdl pasinl 285 (Lajyes clall gl LinglgiSall cagnlly deliball dagall
b danll e Tt LS galasiad oSl o el (8l liseas 8 Ly Al
Al Aallaall A1 5 Lay oliall (g5l e lgalatind o5 adass oy il
il bl L paly L eanad) Ligpsf (8 Yl el LS ) cctlagranially 288
e elacy Al oda Creriiad 3 (Aglly Al A8AY) Jlae 3 Lgalasiad 4y
.(Wang, B., et al. 2015) (gl iy Jilug lghiad Ko Y dala Lalsa

Ll dadleal) Jlase (A dersissall C¥saS ySoall Q00 Ayl Hlnal) aaieng
35Sl gl anall o cally Al cihlae¥) diadleal 248 e IS e 22
QAT (el Geale a3 VT i) o (8 daslaall 320l Ladladl) e Cang e
— silly ALl Gl e Lagae ol Jlae o3 dadall Jailadll pladial 2 aieg
b Gulill il aaall 525 (100 pm) e JB ek ipunSs Son x5 LY dilbasS
oSy e B ) (5355 (ibndll) ASaloal) ilibead) Lty i) dallan Jlaa
(100 pm) e ST Jawg ki

lenarl dulia (10 pm) (S (1 um) oo b Laas el S gy 3Saall ¢
Lay el Jals Lgaand danlia Lgild (1 pm) e sioal Laas el 30 Ll el o
5l Ay A8a8Y) o \ghuls L (100 pm) (dlss leana iy Al € adl)
-(Lgbal, K., et al. 2019) . (foaming)
eadl) Jlaa (8 M g€y )Sall el
:(fragrance finishes) daalls duilgil) datlaal) -

I3 aaing (Lia LSy Bylaal) AnSHN ALY Vg Soall 4 s (S
bl (Dl aiad duyhae gy ¢(cosmetics) Jaexill dgw ¢(freshers) daiall dlgall
AU e eyl aags (3)YLS (aromatherapy) (Y g ze s Ll
(Shrimali, D. 2015) ..laxes olasyll ¢ yusuall ((rosemary) leis )V ¢(lavender)

Aledll diada sl Lgnle sana sy A0 o dhael) Mgl Cliia (e 58I ey
ey celyell (A ayanll aie llall Al Lgublas Saamy . Lajes 05l caaallIS
cilatia 3ay 3 JHaslS @ Lede [l 208 sl IS L8aY) o Lghuls
cLayyas 8 oSaally Leilead C¥ounS5 )Soe (A Ledalas oy Al cdpunleall 3y Sl hag

van




: Vo Y YE b Ol alad) aael) Losgil) L jil) A<t Lpalal) Alaal) :

ey Adieie daily Gadld) ellae) oy bl dilee PA 22V Lo Lagan ST Ll 3)
Ailaly cllyy c¥ounsSg Suall A aladiialy Lgiias (Say (S cAlgs dage Conad Jasal)
L) laall ) ety lguans alaats 3 cti¥punSy Ko (B 4ty Jonssl) (Bynane g laal)
gluall o ylaall Cliis Ao dladlas alaats of 050 Gedlall (o lgwmns (g )
S oDl gl S Ps YL Y€y Kl alaats of g cdeusd) A
Sl dandi edl 3y dall i€l (A dmiall 5y Jaall A a8l 3 Uatwd celas ¥l (DA
edly kel Shyally Al ol il (o Baldl o ylae o dgls 5SS
bl L) G DUall A diaial) sl A8l Ny € Saall podi s ) S, A
gl (Ao et A Adyiall cilaviall 180eall dlaly) (Henkel) 4,5 oo Jewally
Shrimali, D.) galal sde ) duai 28 5aa] gind)) 2 Adinie doyhae dadly @l el
.(Mc Coy, M. 2018) (2015
(phase change materials) (PCMs) : jghall 8ydia J)gal) —¥

Cag ) Calide (he L) pmes dules LulSa) gl Bacly Ak Ludalagl) LAY 2a3
53y oY Apbad) Al oo Aoleall Gedle clilliia aal (gasls cdaagll slal) 8 4
oDl (S Laiy ¢ oaplal) Janogll alall e elall g Sihall Ja aiay 38 il cilia
b 8 el dahll e Llaall 8 avall saelis o Hhall alas dpals ella
sl Bania Aoy e algas Aadlaall LBV ¢ puitia Sl Laliig 8yuiia At Cig ks
Mgall 02gy sadY) Aallan aig cdoalinll LaadY) (e ddliie Ao (alsd Lgl PCMs
-(Meirowitz, R.2019) .4allly Lleall (adlay ddlaiall JSUEl) Jal Allad 45150
:(Medical_fabrics) dulall d.ia8y) —¥

OSar G gl (e i) AnlSa) oy (da LA L) Al o3y oS
5 i gl liga (e dpaluse AS0d (e L3580 CWY5uS9 3S0e (A Ailoal) Sfgall Caolas
Lalladd sy Kudll o3 Badaiy s Jsad) Llans (silicon dioxide) ¢sSalaad) 20|
olge 558y Gigan Jla 88 elaad) 413 Yy bl Jlae 8 deriiad) 1Y)
Gl s Wla pall ol 13)s ol e SHaY) 1aa aleaialy mlleall (aladl os2
Schindier, W. N., et ) (Jgbal, K., et al. 2019) . Lold eledll dolee At g s iy

(al. 2004
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:(cosmetics) dubsaaill diady) — ¢

i paat ol 8 1o e Lalaal asladles moadl) Jlae 8 Gslelall 5 gl
Qi dydall 53 i) Ay all o Loyt s 5yl clyla L8 Lallaal ey Sual
chaleadl «(anti-cellulite) Gsaald) claliae cadal) (ada g dlge cdria¥) cculislbidl)
Liad) aaiaiy Lyt bt dlge cdSgan &) Laslie dalse cciligaygll cdgall
Gilal) Laedle die ) aces 8y () 5astal) Dlladl) salal) Ui Tase e dbenl
s3a gl Alicsy (uadl CNgeay jSaal) 488 335 camanll Eeglall AS5al) DA Ll lladl)
.(Parashar, S. 2014) (Nelson, G. 2002) . &Sl Laaudagll il
(Thermo -chromatic and_photo__sgualls dlladg 5))all, dllad duigl N g€y Sia —0

:—chromatic microcapsules)

Bhall lguays ie Lgigl i dlga o dugla yunSy Soon A8aY) dallas <oy
o ) AaaY) e slhg gl i Giladll o8 Ly LY dallas icg ceguall
UV dadly eguall daii Lgigh yus 3l 28a8Y)s «(thermo-chromatic) sl ik el
e @) el JLaDU Ll Lgy Aallaall 28891 (51 iy «(photo—chromatic)
.(Shrimali, D. 2015) . &udall kil 8 ola aladiu) Lol L5y o3
:(bleaching) (el =1

ol S padiang (il g Candaal Cig S Saall Al aladna) S
aaly . emsllel sl eSS e Al 5auS5e dalse e glall il Cidad
(Battelle Memorial — 2gae g8 Ganill 8 C¥sunSy Sl aladiad 4yl Giagall
.(Mc Coy, M. 2018) . silasl & Institute)
:(Antimicrobials) cibig )Ssall ilalias =V

Silaill aalgs Al by Seall Al (Ao alanll c¥ganS jSoal) Ao ket (S
- Ailly Akl ilalaan W) 8 lDh gk Sang Bastall (alg Al 4 Slag g

-(Shrimali, D. 2015)

:(Counterfeiting) dady) g3 dadl<a —A
L aadiad 5 <ang (Gl Jady Jilal ye 2 dilly paall e Agleall 10€ Unk

YaA




: Vo Y YE b Ol alad) aael) Losgil) L jil) A<t Lpalal) Alaal) :

G Jea Bagd oLl an i PLA e A 2 da 8 Bae Lusall cg Sy <l
Gl (sl Alad sale e (59a3 sy Ko aUaill 13a padin 3 cCauill Adl<d]
cilaill 8 Lagudlls C¥puny ol 030 Geaiid (LgiSlia ol Lganss J Jagadll e Talle
GaY iy & Lalans) Sy o (Sa Ve Sl Jals Bl Bald) g8 e Tolaiels
Bsd AxaY) alasiuly Bpilae CLESY) (3 Mg Lghni are g LadY) Adgise G GEaI
sl zledly Lebisine (3Ubaly ¥y an Saall aaatl Cud e pladn ol ol dascaisd)
i€ (Gundjian) ASy-5 Al o3a pe i e cilee A @lSyal aaf Loyl

-(Nelson, G. 2002) . 1999 ale 4!l (Kuruvilla) s

i(fire retardants) Jaidd) chdge —14
Lo ) ddpacall Alilly Canall olaY) A8 o i) 8 Akl o2 24
.(Shrimali, D. 2015) . L&) e glll cilagal jalud) Gadal
rAdalY) Ao N g€y Saall (Gaidas
Sy e st O LaaY) 8 malil aladna¥) dal e O Kol e by
(lall paalll pailiad Aol IS8 5 Vs (OISeY) 58 5 Saall Ciaiaally Jawssl)
Meirowitz, R. ) . el mitall yee ) Lnaailly 50U5 Adlais Ssha g (5355 ¢
.(2019
by gy S o Augla Laadl e Jyanll diliie (yh sae ollia
A2l Ghaalsall xe CY5aS g Saall 734 584 :(composite spinning) Syl Jyall - @
e gpan Ll i Aokl o3 Bydba Jslaalls Jyall sl emaiall J3all (s
Adphall o3a SV csunS Saall (o By pall dadasll salial a5 (NgnSg Sie
Lgbal, ) . ducbiall Lleall agyls Jaa® ¥ a8 Aol Ladlaal) (Y Luxeag 53g20s

-(K., etal 2019
Gilall yax) Cua z(exhaustion) ) da e Laad) e cswSs Suall uli o
PH Bl da)y (e a2ae Jag il iad daae (3] C¥5ua Saall (gga alea
.(Yao, G.P., etal. 2011) . 4eamaniy 4ada’ (Gran o (a9
Yilmaz, ) ...layes «(spraying) I3, «(foaming) sse 1) dapha aladia) Kay WS
.(N. D.(Ed) 2018
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Lise U Sy Gus 1(coating) dudaxil) Loyl LaadY) o NSy Suall Gulss @
aailay cilaill Ao bty (6)al saclua dgas Lo Undyy <5y Sa (5923
Lol o) - aladll (o CYgwSo Sl daS 01235 Lmall 8 C¥sunS Saall 385
OV Asasall Janll GaDlag Aalal AaaY) A sllaal Alcaball dayyhall ¢l A el
) dal e Aaalio Loty coaintll AL 0 28V odgd Al Aalsl
Monllor, P. )l s dsyhall Calalaal) cdojSaal) dulaal) colabaYl Jlay padlaS dual)
(et al. 2009
(pad—dry— s el — Cipiatll =y eall ddyday L8 e ey Saall 3odsi o
dule goan (Al Jslae 4d V8 (pasa ) g€ Suall diliza) 1y sCUME)
LadY) pae o s dailyy (e dgell sliae dule e Jule e
i a3 (rag el Jaeadll (e 2aa (g () Jgaasll culi Jaria e Cflias,
-(Keyan, K., et al. 2012). lguamaiy lgasas
F—ed gy G i(laminating) padaaill AdadY) o Ny Sy Suall Gl @
Dy coiladl) (Ao aiulaiy Glye (Jodl e 38 (Sradss pld (& CgS Sl
sl Lo Aaplall oigy dalleall LY
alaall 8ang A& OVseSo Saall e 585 o
Aaiiie 2 lY) Gllee 4K o

-(Keyan, K., etal. 2012) . (=édic iladll (335 @
& Lakll 038 8yae :(printing) deldall dayhy 28] o oSy Sl Bulsi @
(693 Aol L S 4 3 ¢ el lans o oL C¥yans Kol 355
(crosslinking e by dwle ¢(binder) b)) ¢cASa «Ysun€y Sl e
Can (e dganall dpe g o AV Cuiasg ALl (3Saig ¢ -dake ¢La cagent)
.(Ocepek, B., etal. 2012) . Jsadl Ao cililly uiladl
rAialy) o eV gunSg Sual) il
5 Lewinl binder Ly 35 agall (e AiaY) o Sy Saall Gl 23
ey giladll e lghualy cVoanS Soall capin o Ll 13a dadag (4S8 G (iladl)
el e e dialg e sanag gy oLi) DA (e el cenill DA Lgilaid
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oot il Gmen ¢ sllecd) e oS50 (DT g el dlsall o3 e Jie

&
)

1,234 J—ie JruSofll 21 ate giaan aladi o Sa L oSl g
...l 5 ¢(butanetetracarboxylic)
& Ol sans G cdayy ale s Gl e Yl 238 Ll b oS
Bal zlawdl Ll Calocay a5 c(grhae e C¥5aiSoySeall (o (golad) )¥sdll alaa
ale ol (il e 4i)las 3 (Pablo Monllor) il ag ¢ ilaill aa g€y oall
Ly i o8 KMNOs = 3ladl) mhand) 500] 5T 3okt dalleall 8 2313 431 2010
Cile sanall 4GS 50L5 ) Glld (535 ¢(succinic acid) (aess diallas of cAlfies ducasa
Yilmaz,) . 4adall Jailadl) 4805 50L) Jileallss ¢ iladll o e Tl digaiiall Zuidssl)
.(N. D.(Ed) 2018
Lyl ag dadd) alasiad (ony LYY e Sy Sl cundil (AT Ayl dlliag
AipalS Lailag e gana @llar Gy CYgunSy Kl i 3 ¢(ionic bonding) sisY)
g g Saal) (Al Aigdl ady) IS (L Ll mhadd) e dgd
oY) ddphall s Akl siay clgin Cilatlly ol deals ellay 36l (Gl
UL e LS el ol Qe Lo lall GLIY) s el Jla 8 kil
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