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Study the addition effect of natural and modified
white clay in the properties of insulation and
accumulation of polyvinyl chloride films

Dr.Yosef Joher! Dr.Emad Al Haddad?> Dr.Mustafa Beesh?®
En.Ahlam Habib*

Abstract

This work deals with treating the surface of white natural
Syrian clay with quaternary alkyl ammonium salts, to convert it
from a hydrophilic surface to a hydrophobic surface and obtaining
the modified white Syrian clay, then preparing polymeric films from
PVC polymer and white and modified natural Syrian clay, where the
clay was added By weight ratios (0%, 2.5%, 5%, 7.5%, 10%) to the
polymer.

The polymeric films were prepared by mixing PVC polymer and
clay using the mixing in a solution technique. The mixture was
stirred at 150C° in presence of hexanol as solvent.

The moisture, water absorbency, component migration and thermal
stability properties of the resulting polymeric films were studied.
The main objective of this work is to know the effect of adding
natural and modified clay on the insulating and impermeability
properties of the resulting polymeric films, to obtain an improved
PVC that can be used in packaging.

Keywords: PVC, modified clay, moisture water absorption, migration, thermal stability.
1- Department of chemical Engineering, Faculty of Chemical and petroleum
Engineering, Al Baath University Homs, Syria.

2- Faculty of pharmacy, Al Baath University Homs, Syria.

3-Faculty of pharmacy, Al Andalus University, Tartous, Syria.

4- Department of chemical Engineering, Faculty of Chemical and petroleum

Engineering, Al Baath University Homs, Syria.
50




ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala Glad) dlaaa

daddall —1
praiall ol dulgs aa Lajad &30 ) dadiiall algal) b aa] he LS5al Hgal) 2a3
Mo ) Jlave 8 dand) Ll e AR 43Il (gl Jial) oz g3 Ao
Ahall Anlilly Adlel) daglially 2oall J3llS Al (alsin sanaa dwdia
b e siing 55 S Lo 8 3ol L Ly 5ol A Suludll pailaadl)

J1]4e el

Agall (e Aigan 258 2 L) 3 Laga T LSyl L padsal) sl Linglyis il
Lebisi iy e Gl 7L DA G @lldy ASiall dopradsdll Ssall anls s
el gl el 5alal Lgially Aaedall lgall sy Ciyad cdigiag dachy 2gaS
Leiaglin 53y (sl 83l (als s (ruat e Al 5538 Cilayuall ol sy
Ngal) rllaian g [2]050S0 Callly SLarlS Cluall s2ag (gialiSy Widlay
leaibads ale JS Jagiat ¢ 5ST ol iale (pe 43sSa danlid 8yguan saldl ()] 4,40
LSl claagl salall 8 Bagage e B0 Galsd D i) ¢ Laial aay 324l
[3]be Gialall (alsd g laial e Caas

¢ QbazllS daclall Mgalls Cayat cBale (pe Ay st ddlialy ASHall Sgall & Ll a3y
Aaclal) dgall Jalig ead g ¢ yradgall Callall Bale aasly Adg yaall Gl sale )
g9 Ailatia AKpa Bale (Ao Jguand)l Haay G caaa <0 QI 3ale 2a
Bala (Ao Jgaanll 3oan s <5 QI Bale e dachall Jgall cilana Lelalay
4]0 L Aaclall Slgall s Lglilay §5658 Ausilatia Bas 4S5

daaliyy Lo lial) liudatl) 23S e anlin 1 sall (o doppadsal) slgall e
pladin) a5 Cun e ghially dalgll lgalsa o (Alaaly 3)5all5 dpkall deliall
Clpadss Ceadiul Gim 1960 ale dphall ikl 8 85 Js¥ Sl pads )
Creadinl L Ao yl) Al el i 8 oS Ui Jil (S5 500
dwxing ale yiinrg [6,5]4umasall dadlaall (SLal BIS 8 AisaV) sy agl JBlsS
Ao giia Lo (8 Lgaladin) AlSaY @y 8y dpadliin) Lnaal 53 Chaad s

51



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

Jlne (b Calinlly uatl) 6 ol (Dl clpdaS ol cdalis Jag S Ll
7 1803ad)y ddlgall cule L)

Ol (Jodl (e Sl ualsy jumaty 2igll (8 2011 alas 0980y sesSla) o8
gl (B Cuiglsdiigall e (negh ey el & (VU8 Cpbign Jodly <YLy
8]yl ASailSially Ahyadls dunslsdy yoall (ailiadll (8 (ol daiilly (gymalsll
Al haddgll (e desene Hlial Ljleia 8 2013 ala g Ay Ll Bl LS
Baa paibatn Cauli Bale juaail culgdl) sale Clhuadsdl o380 (el 158 o
13> ayus HDPE 5 PVC i las oLl (aliaial (IS Zuhyall 638 Cassng
AhslS b o) o DliSye puiasy 2014 sle aleds cunali HlEy .[9] PC
i Cing (Ul (e it iy gaall mhal) Alens cuighgaiisally
Ly 4SiKw (ailad ks PVC/OMMT saaall Syl of dallal)
Luha ofaldl e vl A6 LS L[10] wla) PVC (e Juaily 5550 4iliyis
Jub ol padsd ASIGa paibadll o aguldl€l) cilip€ Clis gad il
Aacdisall Chysadodl) aal (e b€ Jid  Jsall yiass L[15,14,13,12,11] a5
[17,16, 111530, Bjsaall aalsad [k cde sinall Lo liall cilipdatl 8

o cdpradsdl LG Nl Aaldll bl Lnsyall Gluball & Ogald) S,
Bale il sl L) (e 828 3aeS (glal) Cusislyypaiigall o3 (e slias Al
B JRCHEN. P S PO SR PP PR P gy CH IOV P R JFPPA (N [JICRE PSS
Aanlil) Al dpaadsll Algall pailiad Ay 158 5 calyol< b gy oaSsn
Oe DS S (gginy (Jhy et dila) e 3Sal S Gl e G Ly

o Dlamal) dslal il Auhyy cubslS dud Jol aades ) e gl s S

52



ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala Glad) dlaaa

Lphall dslally bl saay sl dualaicly dish)ll Aallly Jiall Lalsa
Al A aadsd) Slgall

) caaa -2

(ko) elall Cane o abigatl () andall (gyoud) jlindll mhass dalles =
(2staue) slall )< )

ikl ) jLasll s PVC sl i ol e dpualn DU jaian —
cJazallg

Al D padgl) DY) Gailad o deghy jloasll dila) ab du)-
ttand) gl -3
tdasiiocall Agal) 1Yl
coladl) b axtiud) PVC claalse Jall Jsaadl g :PVC yadsy —1
ubstS i Jsall laalsa (1) Jsaal)

Al did gl Gldal s
1.4 g/lcm3 A3L)
30000-40000 g/mol ol s
Jhas ek
42+1 K-4a
28+5 mpa.s (20% in MEK) 4= 530

L@}J\ JLAA’J\ _2

18 o g dadaill aas G bl (sl Sladll e 55 o danll (53

Gl sl i€ e 5€ S e adlgialy pan) adsh Sad il

iag)Sie 75 sl dagaill daps cunls o ) cuiadag Cudiag djlimal) Al

Dland) mha dalles a3 a5 ¢ Gliasll Shasl oSHll e Jyantl 4l culls

) elall Cine e L) mhadl Aada Jagatl Ao Ll LS 4 gwigal) ~ Sl
53



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

D Slamsdl dodat a3 G L Jasd) (el Jliadd) e Jgaanll colall o)<
OXFORD Instruments Analytical X-RAY Type :XRF

XRF Slgan dpliard) il Jalas il 1(2) Jgaal)

CaCO3 SO3 SlOZ Kzo NaZO MgO CaO FEZO3 A|203 UJ”‘

%78.41 | %0.00 | %12.46 | %0.30 | %0.20 %1.08 | %44.99 | %3.18 %3.45

o

IS asnigal) A3 sale ) aadal) (goudl lmdll mhau dallee 2
e doanll @llyg clall )€ L elall im0 jliadll mhan Jigatl de b))
e 500 ) bzl (e ahe 20 Calimy Al daphall s Jare (and e
A2 80 Ayl e pnhaline dlaa aladinly fiels sl dljaill aa laia ¢l
astiga¥) ZOl Bale e ol 9.20 LIy & L ilatie Glae o Jpeasll digia
5aal clatl) aa jliarll lae N caliiy hie sle Jo 500 6 L)) dlsY)
Jusing el i Abjall Bl Ay die oenhlinall cliadl) alaiiul dele 24
Clall Cainy o ol 352 )1l G paldill 4 s Gilie 820 hadall elally Gl

[9]0tie s Baad dagia dayn 70 dapall xie 0l

bl Gopmalall zcpalall =3
Sijl) 2yl il —4
N,N-Dimethyl-n-octadecyl amine :iel,ll LAV 451501 #l =5

1 nal ) YY) jaaat (3 1Ll
Lal o Astaall A pnadsll DLEY) juiasil (350l sl (o deayall culaall Lad
Solution ) Jslaalls ziall dayka 5 (Melt  mixing) gmalls zjel) 4a )k
[12,11,10](mixing

aaiss s ¢(Solution Mixing) Jstaalls il 4k ciliall Ciyan
s o3 e dpluSell 5o ¢ padsd) Y oulia dals ol Jlial e daphll o3

54



ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala Glad) dlaaa

ol ey (€l cclsill a il il ¢ Glaarll ¢ yuadgll) s o<al)
o3 AflngS Blan o unbling dlyas plidnls Lgadas s 5 LY 5)5S0d])
Bha Aoy 8 SH a8 Glelu saal 60 Al vie China b DY) Ciaiat o
Cail€y (AUl l)Laad Jaad (daalill DY) G3g a3 el Caad s A8yl
.0.30mm Jlsa daslill 2EY) aSlew

replady) <G

:(Moisture) 4kl (uld -1

Lol (Y1 i) e Joanll (anll 12a 8 Bpaimnall daad ol DU s
O3sl) i (s 105C° Bhall dayn e Chéas 3 Cuaiag o5 ¢(First weight)
23a% &5 adll 0da (e <Ll (Second  weight) Casatll aay (3l (Ao Jgaaall
1A A s duglayll A

Moisture(%) = (First weight — Second weight) / (First weight)
Aeluall 55 plie & Aeiiall Ljpud) Aol Aalsall Cos Aidas Lokl ol
By et gl Apall Ashoyll A€ kil

:(Migration study) 8¢l las) -2

& g o5 o(Original weight) L a1 el e Jpanll DAY 035 2
b el L 5aad HlSAL Bgaal) cilely haie ele 100MI Ll Canaly Lalas ) 85
GluyS (Ao gl Gliae (A lgaiag o5 a3 cdogie 420 25 il Hha da
a3 aadll 028 (a9 «(Dry weight) Calal) Lgiyy Ao Jsaanll gl 5aal o5l
[19]a060 Asteall Cavn (135l B e Jguanl

Weight Loss (%) =(Original weight — Dry weight) / (Original weight)
selall Galaie) Lia) -3

dala) Bgue (8 DY) Cunag 1 NI A 6 optiiyha HLaaY] 13a ehal o3

25 il Bha Ao B alad Fi 5aad AlSaL el citlely hadal) elalls Cijats
55



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

ol ) (e Jsanll o sygg elall (e 2DEY) i cdgia Aao
il Baal ) iyS e dugla i b Lgaung & &3 «(Wet weight)
crea el aliaial ard aaaas 23 (Dry  weight) calall Lesyy (Ao Jgamall
[21,20]:441 d8al)

Water absorption (%)=(Wet weight — Dry weight) / Dry weight
a5 deli 24 5341 95C Lol 2ie e alen (o3 DY) iy A0 ALl
&3 a5 ((Wet weight) cada)ll sl e Jyaanll Ll (e Lge i aan DY) g
Gilall 03el e Jyamnll el 3 524l 105C° daall die Chine 8 lgauing
o Aaiall oyond) Ay ulidll dbalgall Cos Aidas Akl s2a) «(Dry weight)
pad a5 (bl o paddsall dlgall Agha Il AaeS bl deliiall 53y lie
A0 A s W) bl

Water absorption (%)=(Wet weight — Dry weight) / Dry weight

rdylal) A i) -4
lexuas a3 a3 «(Original weight) Ll (a1 0isl) e Jsaanll DY (j9 3
L el JS dosie @lays 10 phall days ad) &3 a3 20C° Bl Ay 8 B
B dad IS die S sl aaat g dasia da)n 180
:La8lially gl :lay))
(Moisture)iighl) (g5iaa (uld-1
o) e Bramne dnadss DY dgha)ll (gyina (bl lis) il (1) <Al cow
Al Ay L5l oSy %5 lunall G Al Ay ayelally 2ol L
Al wiy G (ddlide sy Jaaay amh Ao g jliagy <%0.01
PVC aadsdl ()5 (0 Lighe i€ il gl

56



Aaall dlee 3} 8 e Chgy, ) 2022 ale 6 2wl 44 Alaall o) Al Adya
ua aMala ) Ldhaa

5 Molsture fest,
pvc+white clay ™,
X pvc+modified white clay
L 4 ",
c e
2
c 3 -
o
O
o 2
S
i
2 1 -
=
0 .
T T T T T 1
0 2.5 5 7.5 10
clay %

doshl) (ssina Lol w3 (1)d<al

Gl dila) vie gl abdll Lagha)ll (gotmn S & (mloas) milaall (s
A ol cre ST ol 45 (ania %5 Al s Jasdll panV) L)
Gradod) Aldll Aghal) (gyiaa LaaS Galadil of Laadls LeS ¢ sl e LAl
(rnbal) a1 jladl Blal (e il Jasall (a1 jladll e 5% (gl
%35 Ay Jasall ) lasd) dilal vie %13 Jga dugha )l 43S cuaidsl 3
Opadsd) Ay ana %5 Ay bl () jliasll ALl vie %11 sy
Glus poass %5 Ly Jlasll dila] die dishll (gine duaS Galiad) (A and)
ol IS A ulaie Ay Aadana el o) s e dtial) el b lasl
il 290 dll o3a (58 (ST ¢ (graadgal) aladll Aogha ) AneS & Gl il
I3 o Hlomdll Sl (a5 @I 8 Gl o(grpad o) abiall gl 4
Jala JSin agat Ul yaedded) Ay Gaia Uil dejgie (585 Y Cmn SO

celddl Gl Jalas i

:(Migration study) gl JLisl-2

b (ol nadgy (e Brmne Lopsadln Y Syl HLidl il (2) Il Gy
%0.01 a5 dpiy sl 2uSly %5 liaall JSI A Ay (payealally 2uyslS

57



4518 b gl aDEY AaliSh g I3l el g3 (B Jira g amh planl JLad dila) iU du)

S Ol o<l ddlisal PURGINEN ddide o Jazay aub 4con ua,_ui g
PVC e 3y (e dagie
Weight loss test %
PVC+white clay.

PV C+muodified white clay
.
“

.

weight loss of film %
o [l N w By (9] (o)} ~N

7.5 10

5
Clay %

Bagll Ladl g (2)J<al

vie (gyadsd alidll L5 gSall Byah A b paliad) Jaadl Jle IS
e Ay D Jadgdl (e AT padsl) A Gana Slaamall il A8l
Dbaal) Ailials (gyaalsall aliall il o<l 8y A palesd) o Lol WS ¢ jlazll
b Rl A o IS e LaS cJanally andal) e ging 5% Al s
Ay Jaaad) Gl jliasll dilal die %28 Mos (spaddonl) abill cilisSall 5yaa
) aadedls A5 lie candall Gan) liadl) dilial vie %20 Nlsag %35
25 OSlg «ligall Syan A wififil 2gan Lowaill 230 358 (S ¢(Llard) (e s
Oe padd a8 ladll il Bkl of Jodl Sy A ¢l padsall (ga B
s ) %5 4 slarll Al A Ly (gpaedell abdll cisKa 5
JSi ASulaie 4y dndare padloal) Judlos (o Aol lehdl) (& jlard) il
3 03ny el (gl alidl) e il oAl By dua B paliad) g Joadl
AL o sia¥) 5l Jamall liarll dilial o bl cuiy L cAsla) Lol
Dl mdas dala v Cually ¢ alall SLiaad) ddlal e Juadl de L))
Ausheyus diaule (S Sadsdl) pe alaily clula ST L dusig pna Jaxdl)

58



Aaall dlee 3} 8 e Chgy, ) 2022 ale 6 2wl 44 Alaall o) Al Adya
ua aMala ) Ldhaa

tolall Laluaaial jlaal-3

O Byaane Aopnalsy DY oLl (aliaial lidl miln (4)d<ally (3)J<il g
2S5l < %5 liaall YL AT Aty ¢ alall Cppnlally 1slS Juish ol el
o3 cAahite Cauiy Jamay s e shy (anl jlae (%0.01 Al 4y el

PVC jalss 035 (e Ligia cani€ i€l 4Ll

20 I-water absorptlo”\test %
pvc+white clay

R 15 ifi ite clay
c
2
2
5 10 -
(7]
K-
(4]
8 5
-
(4]
]

0 A

T T T T T 1
0 2.5 5 7.5 10
clay %

oY1 Al Lyl DU el aliaial sl gl (3) ISl

25 2-water absorption test %.
PVC+white clay

< 20 . .
S
s 15
2
2
8 10
(4]
25
©
3

0

0 2.5 5 7.5 10
clay %

L) Aahally Aoyadd sl U Ll (bl s il (4) ISl

59



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

conadsd) bl 8 oLl Galiaial A & aleas) 1(3)dSal b milal) el
3 %S Al s pralgdl A e Jaadd) G ) lcarl) cilina dalals
Janall () jlcasl) Bl vie %23.47 Jga dcaliaial) duows Cocaids)
abidl) 3 olal) dpaliaial A & (mlead) (4) <A Gams ¢ aadsd) S %5 Ay
Craidi) 3 %5 Al s Jaaad) G V) liasll s ALl gyl
%35 Aty Jaxall ) st Bil) aie %22.63 Mo draliaia¥) Ao
Dlaad) il &) o e Le cdmaail) s2a o il 3ga o ¢ padsdl ()
abiaial A (pe Cmid 28 %5 Anll s pradeall Ao Geis Jasa) (e
Janall Hliadll il dilial o Jodll s @Il colall 3y olS Juid sl yaddsy
ool ol elall (gyad sl Al aliaial A (po iy uadgil) Sale (e (e 38
Al bl 3 jloasd) Gl aag ) @y (e Al Jlladll e ishal)
slall Wliia gy piar jalasS Hlasll Gl desd Cos ¢ paddgll dudls o
ciliyal 40l (e dddy 4%S (e a5 Ml bl Jallaal) 6 oaslss oL
30 nadgal) Ay e alaasi) ST ML Anghgsom dad 53 Jonall jlisally colall
+Asdy yuell dxbal)

g all Al sl -4

Bomnall Appad ol 2L A hall AL Lol il (6)JSally (5) ISl Gy
%5 Sliall JSV A0 Ay el Cpylally Aol Jid Jol) saedss
iy Janag b doe g Gand Jliazs %0.01 4l A Ll 2 oSl
toag o3 28 PVC ales 09 (e dngie i€ calipKall A3l o5 24l dalidg
Ay IS die DY oyl st el JS 10C° Biall days adys (b & WY
pan) bl o (glall aadgal) dlas ciliaia (5) ISl yela s Blha
) ) Blya dayn 20C° Ayl e Teay Hhall Ay g Ll ddidal) oanidal

Hball A0 g )b s A8l Glisial)l jedin (130C° a3l

60



aall dlas ) 2 g Chw g d,!

2022 e 6 2l 44 Aaall  Cad) daaly Alaa
ua adala ) Ak

1.6

1.4

Weight of film g
o o o o =
N R O 0 R, N

o

A Ay Agalan

ﬂy

H\&

e —

% clay

) .5 % clay

w5 % clay

=—75%clay

10 % clay
1

50 100
Temperature C°

150

200

bl (a1 limil) g Apadl) SIS Al Aslal laal g (5)JSa

t LoAD LU
12 &_\ modified white clay
: ] - .
\ - —
1 ~——— N\
0o —
5 N
£ 06
o0
= e clay 0%
04 e Clay 2.5%
e Clay 5%
0-2 e Clay 7.5%
0 e Clay 10%
0 50 100 150 200
Temperture C°

Janall ) Hlasl) ae & ppadsall 2D 4))all A5l lad) i (6) U<
Aabaa) Jarall Gl Hladd) caws (golall aadsall dlas ciliaie (6)JSEN jeda
sing Bhall dayy e Ll s 40U Aalal) g dadll el plyall dapr g lanly
s Yy L) sa Jane gand Slae %5 (gslall aadsdll i) ) Jadd)

61



4518 b gl aDEY AaliSh g I3l el g3 (B Jira g amh planl JLad dila) iU du)

Dlmall s el Anadsall DU el 4 alal il (9,8,7) Y s
JS e Lpadad) DU O3ell a8l Gl (Al Jaeally oanlal) (]
S (gl 28Ul e Juasll (150C° dajall N 60C° dajall e c8yla Ay
) Aobeal) s el
Weight Loss (%) = (Original weight — Dry weight) / (Original weight)

10 daua W\
60C°
° 8 1 pvt.-erTi‘tE‘ClﬂY\
° pvc + modified white clay
IR
= .
Y
5]
a 4
°
-
< 2
S .
2
O 4
0 2.5 5 7.5 10
clay %

60C° dayall vie &gl S (lls B ks (7) Il

15 Aaall e Ayl ad) Asta
100c°

X PVC+white clay
£ 10 - PVC+modified white clay
=
Y
°
a
2 5 -
o
S
.20
z

O .

\I 1 1 1 1 1
0 2.5 7.5 10
clay ‘i

100C° dayall die duysaddsal) 2SS (O3lly 28 il (8) Ul

62



ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala ) Ldhaa

A Al s Ay ) pad) gl
20 150€°—-._
PVC+white clay A
15 PVC+modified white clay

] S
10 -
5 -
"
0 < AN
T T T T T 1
0 2.5 5 7.5 10

' clay %

weight loss of film %

150C° sl wie dojaadsall DY oy 28 il (9)J<al

Al e (gnadsl) aliall (gl 28Ul s & alids) (7) S Cp
e sty Y adedl e AT aadgdl A Gaa dne sy jliasd) Gilas
ie %75 lakar gyadsdl alidll (535l 28 A & (aliss) Jassl LS ¢ il
ol 28 A 8 (alidily (P65 Ay Jasall ] jliadll il dili)
%5 Ay pandal) Gian) jliasl) Gls Bilial vie %57 lsie (gradsll bl
abaall (sl 28Ul A b Gl (8) JCall cpw LS Lo praded) e d3lha
die %55 Jhakay %5 Ay Jarall () jliaal) dilial %71 lake 5yl sl
ey (L) saadsdl aa dilie %5 Ay endall () liasl) Bl
Alal die %51 Ay gnadsd) abiall G)slls 28l A 8 (=leds) (9) J<al
vie %12 e 03sll 28l A 8 (mladils %5 ke Jaeall Gan) jLadl
A QS (G, el ualsd) ae dlie %5 Ay Janall paan) jliasl) il
RS oy deal Al predeal) dudld dand)h cilehdl (8 jlasll Gl s
B3y e lamil) cilpa dans g A Sl sala) e Aabisd) ) yall (4
Aadipel) Hhall dieslie jiiaiy Hhall clasal juadsall daglie

siil- s

63



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

A8l (gradsdl alidll Ashall (gotime ApeS (8 s Lialetl illl oy glai-1
aldl) ey ¢ Wbl aade ) ae dlie Jaeally bl () i)
Asshal) AseS 8 A Q1 Janad) Gan ) 5laall %5 dall (golall (gyaad s
bl e sty ) liasl) e Ailaall Call Ay olul) aaded) ae 43l

 Jaxally

ol el (gyradsal) alidl) e g€l Byan 8 Taas Lialiss) il ¢y lai=2
abdll (s ¢ b)) aadsdl aa djlie jliand) dilials ddlall Jullaal) ae Jishal)
Bad A J8 Jaad) G V) SLcasd) e %5 Al (glall (gpals il
LSl

Ailaly slall (gradsdl alidl Lpalidio) dpui (aleddl 8 s (s il a3
) (golall (Srpadgal) aladll (saly ¢ uill) el Alha e (s luaal)
ol L cdigla g elall dcaliaial & daws B Jaaal) Ganl Slasll (e %5
Al sl ae Jughall

s Lol LS ase g Aabal Hliaall o il Lgasea DY) candf a4
Dbasll e ddliae o (golall (gruadsal) alidl e (sl 2B ds Cuiasadl
Sbmal) e %35 drill (gslall sl abidl) sy ahall dnpn g L)l aue sy
A Aol Juadl Jaed) (!

el dhad) Anlilly oLl daliaialy 5yaglly dush)ll (ailias Criwas 235
@l Gl (@oall liaall (e Slans Alals 2slS Jud Joll (gpals
(Akdgyua Hlmill mhu dank) candll dueging 2 gl lig)S (e dadiye A
Dbarll ae Jaadl il s sl (S ¢(Aaasig an sliasd) plan dazla) Jaxally
Dbasl) daday padsal) dads Gar SV Gl i) o Jaaal) GianY)
oo SSTPVC gpadsall alidll dabiSlly Jall (ailiad it Ml cshy gl
28 PVC (gyradlsdl alidll L aulanll aliladl) cutvas sdagilly ¢ Lol juads

64



ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala Glad) dlaaa

alid Jumil ga Jamal) (mn V) sl e %5 Al golall (gyaailsd) alidll o<
Aol DY) 3L e 4laall
saa) ) Ll

1-Albdiry.M.T, Yousif.B.F, Ku.H, Lau.K.T,2013, A critical review
on the manufacturing processes in relation to the properties of
nanoclay/polymer composites, J. Compos. Mater.

2- Akat.H, Tasdelen.M.A , Prez.F.D, Yagci.Y, 2008, Synthesis and
characterization of polymer / clay nanocomposites by intercalated
chain transfer agent, European polymer journal

3-Wan.C, Qiao.X, Zhang.Y, Zhang.Y, 2003, Effect of different clay
treatment on morphology and mechanical properties of PVC-clay
nanocomposites, ELSEVIER, Polymer Testing

4-Shaoyun.F, Sun.Z, Huang.P, Yuanging.L, Ning.H,2019, Some
basic aspects of polymer nanocomposites: A critical review, Nano
Materials Science

5-Denis.L, Gilles.P, Christin.V,2011, Biomedical and
Pharmaceutical Polymer, Pharmaceutical press.

6-Nyflott.A, Mericer.C, Minelli.M, Moons.E, Jarstrom.L,
Lestelius.M, Baschetti.M.G,2017, The influence of moisture content
on the polymer structure of polyvinyl alcohol in dispersion barrier
coatings and its effect on the mass transport of oxygen, J. Coat.
Technol. Res.

7-Hala Barakat, Johanna Saunier, Caroline Aymes Chodur, Pascal
Aubert, Jackie Vigneron, Arnaud Etcheberry, Najet Yagoubi, 2013,
Modification of a cyclo-olefin surface by radio-sterilization: Is there
any effect on the interaction with drug solutions?._International
Journal of Pharmaceutics.

8-P.R. Rajakumar, R. Nanthini, 2011, THERMAL AND
MORPHOLOGICAL BEHAVIOURS OF POLYBUTYLENE
TEREPHTHALATE/POLYETHYLENE TEREPHTHALATE
BLEND NANOCOMPOSITES".RASAYAN.J.chem.

9-Csaba Keny0 & Dora Andrea Kajtar & Karoly Renner &
Christoph Krohnke & Béla Pukéanszky, 2013, Functional packaging
materials: factors affecting the capacity and rate of water adsorption

in desiccant composites. J Polym Res.
65




3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

10-Sedaghat.S, Ghammamy.S, 2014,Synthesis of polyvinyl chloride
IMMT nanocomposites and evaluation of their morphological and
thermal properties, proceedings of the 5 international conference on
nanotechnology: fundamentals and applications, prague, Czech
Republic.

11-Katlen.P.S, Janaina.L.H, Denise.A.S, Ana.P.P,2019, Effect of
The Incorporation of Micro and Nanoparticles of Calcium
Carbonate in Poly(Vinyl Chloride) Matrix for Industrial Application,
Materials Research.

12-Patil.C.B, Kapadi.U.R, Hundiwale.D.G, Mahulikar.PP.2009,
Preparation and characterization of poly(vinyl chloride) calcium
carbonate nanocomposites via melt intercalation, Journal of
Materials Science.

13-Wu.D, Wang.X, Song.Y, Jin R,2004, Nanocomposites of poly
(vinyl chloride) and nanometric calcium carbonate particles: effects
of chlorinated polyethylene on mechanical properties, morphology,
and rheology. Journal of Applied Polymer Science.

14-Sun.S, Li.C, Zhang.L, Du.H.L, Burnell-Gray.J.S,2006,
Interfacial structures and mechanical properties of PVC composites
reinforced by CaCO3 with different particle sizes and surface
treatments, Polymer International.

15-Kemal.l, Whittle.A, Burford.R, Vodenitcharova.T, Hoffman M,
toughening of unmodified polyvinylchloride through the addition of
nanoparticulate calcium carbonate and titanate coupling agent,
Journal of Applied Polymer Science.

16-Guermazi.N, Haddar.N, Elleuch.K, Ayedi.H.F,2016, Effect of
filler addition and weathering conditions on the performance of
PVC/CaCO3 composites, Polymer Composites.

17-Bouchoul.B, Benaniba.M.T, Massardier.\V/,2017,Thermal and
mechanical properties of bio-based plasticizers mixtures on poly
vinyl chloride, polimeros.

18-Galus S., Uchanski P., Lenart A. Colour,2013, Mechanical
Properties and Water Vapour Permeability of Pectin Films,_Acta
Agrophysica.

19-Renan M. B. Dezena, Renan C. Coelho Silva, Gabriel Ferreira
Luiz,2019, Chemical Approaches for the Identification of PVC and
PVDC in Pharmaceutical Packaging Materials, . J. Anal. Chem.

66



ANaad) dles 3 A g Ciagy ) 2022 ale 6 amll 44 aAlaall o) daaly Alaa
ua aMala Glad) dlaaa

20-Hossein Omidian, Kinam Park, and Patrick J. Sinko, 2009, Sixth
Edition: published as Chapter 20 (Pharmaceutical Polymers).
MARTIN’S PHYSICAL HARMACY AND PHARMACEUTICAL
SCIENCES.

21-Dongyan Wang, Daniel Parlow, Qiang Yao, Charles A.Willie,
2001, PVC-CLAY nanocomposites: preparation, thermal and
mechanical properties,_journal of vinyl & additive technology.
22-Tajeddin.Behjat, Ramedani.Najmeh, 2016, Preparation and
Characterization(Mechanical and Water Absorption Properties) of
CMC/PVA/Clay Nanocomposite Films, Iran. J. Chem. Chem. Eng.

67



3518 i (ol wDEY Aali€l) g Jindl (ol s (B Jira g ormbs Gl e Hila) S s 5

68



