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ABSTRACT

l lypothesis: Considering the detrimental impact of conventional thermal

stabilizers for poly(vinyl chloride) (PVC) in the environment, this research

proposes a novel green multi-mechanistic thermal stabilizer for PVC. This
stabilizer is synthesized from a combination of zinc arginine stearate (ZnArgSt) and
layered double hydroxide (LDH). The study aims to investigate the combined effects
of these components on the thermal stability and mechanical properties of PVC.
Methods: The ZnArgSt was synthesized through the reaction of zinc acetate and
arginine, while LDH was synthesized from aluminum nitrate-nonahydrate and
magnesium nitrate-hexahydrate. The effects of each component individually, as well
as their combination, were compared regarding their influence on PVC properties.
The impact of these materials on the thermal stability and mechanical performance
of PVC was assessed using various tests including the following: visual color
change assessments in an oven at 180 °C to evaluate the color durability of PVC;
Keywords: thermogravimetric analysis (TGA); Congo Red test to determine the release of HCI
gas during degradation; UV-Vis spectroscopy to quantify the formation of unsaturated
bonds resulting from HCI elimination; differential scanning calorimetry (DSC),
Shore-A hardness, and tensile testing.
Findings: The results obtained from the tests indicated that this stabilizer exhibits a
high capacity for absorbing HCI gas generated from the degradation of the polymer.
PVC samples containing LDH+ZnArgSt demonstrated improvements of 34% in
toughness, 11% in modulus, and 3.5% in hardness compared to PVC with LDH alone.
Furthermore, compared to PVC containing only ZnArgSt, enhancements of 20%,
33% and 3.5% in mechanical properties were observed, respectively.
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Fig. 1. FTIR spectra of: (a) zinc stearate, (b) arginine zinc, (c) arginine stearate, and (d) calcium stearate.
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Fig. 4. Comparative evaluation of PVC sample stability at

180°C based on color change delay time in Congo red test.
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Fig. 3. XRD spectrum of LDH.

[Y/\] Sl 0l J:.n.w t;'(.w).)

PVC b5 ©oll p caliske Sdowas sl §1 owy g
Gl PVC (f (S5 5) Jsde) K8 LS Osesl w0 a5
Col B8 Ky e Ol opytie bl LDH euiS b
o iS5l ghls PVC 5 5w O 51w 5 (00's 5 )V min)
siS Ik ks 5l IsPVC 5 (Y#s 5 V0O min) LDH + ZnArgSt
&)Jw Ol oy eS .l (V) 8 5 VW min) ZnArgSt L;_}LAL;T
Shls @ge (sl S saiS L ghls GWPVC o y5 |, IS
3K g Ok PVC 5 il (\A's 3 Amin) LDH + ZnSt,
OLas O o3l ol dins o OLES 1, 0min Gle ¢ oo S (glaoiS Il
S A3 edd bt HOL dr <obl o 22 LDH s e
HCI (5 3500 515 550 ssbar s axdls |5 0 JS 035,08 ob S
S LDH oS Il )l o 5 ol S o 55 o3 | sl
Onmen 0,05 355 gl Skl 534S Sl S Ol gla sl
53 ol sy gl Skl s HCL S Ll 5 b )
S8l 5s sk s OH oS sodn slaey S 5 LaaVoLs
B0l i s by s 63l 0l OF (3l it s HCI
ol 4 a5 U 5o LDH + ZnArgSt .ol 8 K, o s
5ol ChBLDH 55 5Ly S 05 S 5 Arg 55 sl o5, 53
LDH jluis jials JsasSae bl s)ls 15 HCL 3K 5L 5 g5l
Ll e EalS 55 ol gl ksl 3 HCL 8 Osllplsay OISl
Iy g S o 55 St 5 Arg L;T slaslle o 590 puoman
LDH & s (55 ol S (glhl s o s oo Rl
55 el ol ZnArgSt 51z 0 ol S oo lub Ll sls Lgs
5 ode s 6 iy OB LDH cdas o 0L anslie ol g o

VEE 5= 31353 ¥ 0 Lo (i 50 Juw ¢ pasls (551935 9 pple spale almo \Y'7



e S1AY A9 a9y dad— bkl (3T 59, I i ile )5 0SSl

o LSG a b azdls |y deed ol (g5le it cblB &S la ksl
25 JolS Gl 5 (2 5o 2 £
«llal 3 5 |4 LDH + ZnArgSt 5 ZnArgSt (glads so
A il 3 o3l o o Skl s 0T el )
03 Sy se WT Slaes S s s (e 15 SILL
O s eopl by s 1 HCL 5 ZnCl (g5l i <l o]
SAS Ol Ky ks 5 0z ol o,LSS 4 LDH + ZnSt, 4 se
v azds U das o 0L ZnArgSt ;LS )5 LDH 555 5ls &
ol S5 (S S lasltle 5 el sl LalS )by 4sed
Jdsas 55 (LAl PVC) oS Il 05 PVC w50l 53 ol
4 Lol cdas e oo B e el K kS S Lk 54
oS5l 5l ool o o) gladenl i Lla sl oSSl Lo
Sl 0l Sy ks lls A ¥r aidds 5l 525 OF 3 5
SIU ae bl 2 55 S Conl ol sdiasOlis &S
sl S0 et 4z Sl sz se glaediS Il & 55 65U
S oS e Bse ey Sy Bl s Ll LS o b
fels Al (gl Rl s glaka=dle BB 1 LS & Lol
Cw g los S i 50 1 Ky Laid 5 co S5 S a5k
Sde S8 3l w5 s i 50 C Ca/Znstab S Ca/Zn stab
> S es 50L& Kl o gl S55 i sl oS Sl
sl pldl e glabil LSCas 51 Canilen s Lo sad o pllasls
L anilIS LS b oy aslsl 53 ol sl sl (6 ey iy 3
ples TGA Oyesl mls daotuS by 3 5335 sp ln
sdalie a5 5 5bolas .l ol s, 51 7 K3 5 Y Jgdr )5 bl sl
5 Bde b sl Al e S ol gl 053 PVC oy 55 058 o0
0 i sl ol 4 a5 L sk e SETHCE K £ 5
35l LDH 1y Jsl > 0 o 5 gars b e5b O35 Sl e
Lol ol S Sasle, s ediall GLHCL Gl b d 5
gl Slas 53 ol 5 wsie 5B o3k e s
A0 Bl s clad gas e Sl 2iy T 10T 5T 5T g 55
sdsll HCL 58 ozilsasS 3l 20 oJyl a0 035 S s
S 0503 HOL 5 5 b il b a8 S LDH sl s
OF Jiisey el ol sl 035 (2alS o8 ol s jls Gl on
PVC & o5 5 B ea3l (2S5 050 SeliS mhas 4
s ol LDH (6,8 55l 5 Shes cans 5l OLAS (2l
Mas & sl JLLE S ilils 53 LDH <l ozl o
Bl e I R R R PRPRIES 8 CE PRI R IE Y
5 25 b 55 el o3l s LDH L« HCL 5K 75 =

Yy VE-E pui=313,3 (¥ 0)losh (@il 9w Jw ol SI9)9iS5 9 pgle (ol Alxo

Compound name

LDH+ZnSt, LDH Pue PVC  ZnArgSt LDH+ZnArgSt SCa/ZnStab C Ca/Zn Stab

10

20

30

40

50

60

70

80

90

L Sy
2

EEEEEEE

(=
\

PVC il slanls (¢ ol S O s lie =0 IS
A °C gles 53 Ol L
Fig. 5. Comparative evaluation of color change rate in vari-

ous PVC films versus time at 180°C.
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Table 2 . Thermal stability data of different PVC samples according to the TGA analysis.

Counpond e | €1 felt | RS | 1y o | Ti0va 0 | Pt | Lo (O
Pure PVC 6 877 260 272 75/19 302/448
LDH 3 960 269 277 76/21 293/454
ZnArgSt 21 1003 246 259 61/18 285/453
LDH + ZnArgSt 13 1039 257 265 70/17 282/457
LDH + ZnSt, 10 1093 247 254 71/19 274/457

“The temperature at which 5% weight loss was recorded by TGA., ** The temperature at which 10% weight loss was recorded by TGA, *** The time duration

between the first and the second stages of PVC degradation.
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Fig. 6. (a) TGA thermograms and (b) DTG curves (right) of different PVC samples (Pure PVC:A, LDH + ZnSt2:B, LDH +
ZnArgSt:C, LDH:D, ZnArgSt:E) from 25 °C to 600 °C.
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Table 3. Thermal stability data of different PVC samples according to the DSC analysis.

Compound name T1, . (CO* | T2, (CO)** | Residence time (s) Heat /Heat , (J/g)***
Pure PVC 262 424 568 295/81
LDH 266 439 654 238/36
ZnArgSt 220 444 742 227/48
LDH + ZnArgSt 260 447 808 242/30
LDH + ZnSt, 234 451 847 238/17

* Onset temperature of the first stage of reactions; ** Onset temperature of the second stage of reactions; *“Heat of different interactions and reactions of the first

and second stages; respectively.
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Fig. 7. DSC curves of different PVC samples.
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Fig. 8. UV-Vis spectra of different PVC samples (Pure PVC:A, LDH + ZnSt,:B, LDH + ZnArgSt:C, LDH:D, ZnArgSt:E) after

heating for 15 min at 170°C from 200 to 900 nm (Curves at 1, 2, and 3 represent the magnified spectra of the triene region, the

tetraene to nonaene region, and the visible range, respectively).
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Fig. 9. UV-Vis spectra of different PVC samples (Pure PVC:A, LDH + ZnSt :B, LDH + ZnArgSt:C, LDH:D, ZnArgSt:E) after

heating for 60 min at 170°C from 200 to 900 nm (Curves at 1, 2, and 3 represent the magnified spectra of the triene region, the

tetraene to nonaene region, and the visible range, respectively).
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Table 4. Data of the mechanical properties of different PVC samples based on the tensile and hardness tests.

Compound name Stress (MPa) Strain (%) Elastic modulus (MPa) | Toughness (J) Shore A

Pure PVC 1.77 £ 0.01 25.34 +0.50 8.33+£0.74 15.17£0.01 81 +0.81
LDH 1.68 £ 0.01 19.23£0.13 8.95+0.13 10.55+0.20 77.60 + 0.94
ZnArgSt 1.68 £0.04 23.36 £ 0.84 7.47+0.21 13.35+0.02 77.60 +1.24
LDH + ZnArgSt 1.76 £0.02 24.13 +£0.77 9.94+£0.24 16.03 +1.39 80.33 £0.46

LDH + ZnSt, 1.80 £ 0.01 25.59+£0.39 7.76 £0.18 15.43 £0.06 78 £0.81
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Fig. 10. Schematic represention of the hydrogen bonding network interactions among the PVC, LDH, and Arg moiety in ZnArgSt

witch resulting in the highest elastic modulus, hardness and toughness and LDH stabilizer agglomeration in PVC matrix.
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Fig. 11. Suggested stabilization mechanism and interactions
of LDH + ZnArgSt thermal stabilizer with labile chlorin,
released HCI, ZnCl, and AICL,.
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