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ARTICLE INFO ABSTRACT
Article Type This research experimentally evaluated the mechanical performance of UPVC door and window profiles produced
Original Research using three industrial formulations designated TF-01, TF-02, and TF-03, which contain varying amounts of ACR and

CPE impact modifiers, as well as Calcium Carbonate (CaCOj;). A comprehensive series of standard tests, including
flexural modulus, tensile impact strength, material and profile Charpy impact strength, falling-weight impact test, and
compression and tensile stress tests on welded corner joints, were conducted in accordance with the Iranian National
Standard INSO 12291-1 and corresponding international standards, at the Plastics Technology Institute of the
Roozwin Industrial Complex.

The results clearly demonstrate that the TF-03 formulation, characterized by the optimized balance of ACR and a
reduced CaCOj; content from “36Phr” (in TF-01) to “29Phr”, yielded significant performance improvements.
Specifically, TF-03 achieved a maximum tensile impact strength of “683 kJ/m?”, substantially higher than the “297

Article History kJ/m?’ recorded for TF-01. Furthermore, its profile Charpy impact strength reached “51 kJ/m?”, surpassing the
Received: February 18, 2026 minimum standard requirement (= "45 kJ/m?"), while TF-01 only reached “30.8 kJ/m2 kJ/m>”. Additionally, the
Revised: March 08, 2026 falling-weight impact tests indicated that all three formulations exhibited satisfactory performance (zero failures in
Accepted: April 21, 2026 ten applied impacts). It can be stated that the reduction of Calcium Carbonate concentration to “29Phr”, by mitigating
ePublished: July 26, 2026 stress concentration, was a key factor enabling TF-03 to attain the highest toughness and achieve full compliance with

the standard’s impact requirements.
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Tablel percentage composition of the main additives in the experimental

formulations
Formulation ACR (Phr) CPE(Phr) CaCO:; (Phr)
TF-01 4.67 2.67 36
TF-02 6.67 0 333
TF-03 7.33 0 29
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Table2 Detailed Specifications and Sources of Raw Materials Used

Material Grage/Type Supplier Country of Origin
PVC S6558 Bandar Imam Petrochemical Iran
Iran
ACR ACRYLAN 6D Hampar Iran
CPE R135 Rike China
CaCOs 95T Omiya Pars Iran
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Table 3 Permissible limits for individual and mean values of charpy

impact strength [11]
‘Wall Tickness | Individual Average
Test Profile Type i) (d/m?) (d/m?)
Charpy (Profile) A >28 > 40 > 20
B >25& <28 > 45 > 25
Charpy A >28 - > 55
(Material) B 2.5 &<2.8< - > 60
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Fig. 4 Schematic of the specimen of the tensile impact test
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Fig. 6 Schematic of specimens of the compression and tensile bending
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Table 4 Permissible limits for individual and mean values of tensile
impact strength[11]
Test Individual (kJ/m2) Average (k]/m2)
Tensile impact strength > 450 = 600
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Table 6 The results of the flexural modulus test
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Table 5 Permissible limits for individual and mean values of
compression and tensile bending stress[11]

Test Individual (Mpa) Average (Mpa)
Compression beding stress =30 >35
Tensile beding stress =20 >25

Formulation Individual (Mpa) Average+SD (Mpa)
TF-01 2825 3042+147.65
TF-02 2458 2991+325.56
TF-03 2310 2649+224.16
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Fig.9 Modulus Elastic test of Profile Specimens for Different
Formulations
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Table 7 The results of the charpy impact strength test

Profile Ch b Material Ch: 3

; Profile Charpy, Irefal e (Ieeveyy aterial Charpy,

Formulation Individual, ( kj/m2) Average+ SD, ( Average= SD, (
: K9/m) /)
TF-01 22 30.8+38 a7
TF-02 32 41+44 5 T
TF-03 40 51+ 6.7 68+ 4.1

Charpy Test (Profile)
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Fig.10 Charpy Impact Strength (Profile) of Profile Specimens for
Different Formulations
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Fig.11 Charpy Impact Strength (Material) of Profile Specimens for
Different Formulations
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Table 9 The results of bending test for welded corners

Formulation TF-01 TF-02 TF-03
Compression| Average+SD(Mpa) 45:1.0 43+0.8 44£0.9
bending Individual (Mpa) 38 36 36
Tensile | AverageSD (Mpa)|  41#15 40+2.6 4217

bending | [ndividual (Mpa) 38 35 39
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Table 8 The results of the tensile impact strength test

Formulation Individual (kJ/m2) Average+SD (k] /m?2)
TF-01 297 315%5.7
TF-02 489 588+55.7
TF-03 552 683+73.3

Tensile Impact Strength Test
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Fig.12 Tensile Impact Strength of Profile Specimens for Different
Formulations
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