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nitrik asit, Meldrum asidi ve polieterimid-silika (PEI-SiO2) nanofiberleri ile modifiye 
 numuneler 

 PEI-SiO2 13 
olarak ompozitlerin mekanik ve 

T Elektron Mikroskobu 
(SEM) ile kompozitlerin morfolojisi, X- (XPS) ve 
Fourier- , dinamik 
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ABSTRACT 

PREPARATION OF POLYETHER ETHER KETONE (PEEK) BASED POLYMER 
COMPOSITES AND IMPROVING THEIR PROPERTIES 

 

 KURT PELEN 

Department of Chemical Engineering 

Programme in Chemical Technologies 

Institute of Graduate Programs, February 2025 

Supervisor: Prof. Dr. Hande  

 

In this study, carbon fabric (CF)-reinforced polyether ether ketone (PEEK) 
composites were developed for use in aerospace applications. Due to the low surface 
energy of carbon fibers and their weak interfacial bonding with the PEEK matrix, the 
carbon fabri -silica 
(PEI- -
subsequently applied to the CFs. The mechanical and chemical properties of the 
composites, produced with 13 layers via compression molding, were comprehensively 
examined. The morphology of the composites was investigated using Scanning Electron 
Microscopy (SEM), while their chemical structures were analyzed by X-ray 
Photoelectron Spectroscopy (XPS) and Fourier Transform Infrared Spectroscopy (FTIR). 
The temperature-dependent mechanical properties were measured using Dynamic 
Mechanical Analysis (DMA). The variation in interlaminar adhesion due to CF 
modifications was investigated through Interlaminar Shear Strength (ILSS) tests. 
Mechanical properties were further assessed through tensile, three-point bending, and 
impact tests. Thermal stability was examined using Thermogravimetric Analysis (TGA), 
and melting/crystallization behaviors were studied using Differential Scanning 
Calorimetry (DSC).  

PEEK-CF composites reinforced with silica-modified PEI, produced via 
electrospinning and compression molding, exhibited high tensile strength and storage 
modulus, as well as superior impact resistance, interlaminar shear strength (ILSS), and 
degree of crystallinity. 

The results indicate that the modified CFs significantly improve the interfacial 
bonding within the composite, thereby enhancing the mechanical strength of PEEK while 
maintaining its thermal stability. This study represents a significant step toward 
broadening the potential applications of PEEK-CF composites in the aerospace industry. 

Keywords: PEEK, Carbon Fabric, XPS, Surface Energy, Mechanical Properties. 
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kompozit malzemeler esas olarak fiber takviyeli kompozit malzemeler,  
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Polimer kompozit malzemeler, hafif olma  kuyruk, 

termoplastik matrisler a

 [3, 4]. 

  , sertlik, 

performans-

tercih edilmektedir

 [5]. Ancak, 

.1

rjisinden 

[6]

kaplama [7]. Asidik modifikasyon, fiber-matris kenetlenmesini 
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fizikokimyasal ol [5]. 

 

 
.1. Fiber- i [8] 

 

perform

biyome

sahiptir [9, 10]. 

polieter eter keton (PEEK)-

kompozitlerinde inert PEEK zincirleri ve CF'nin 

Bu 

nitrik asit, Meldrum asidi ve polieterimid-silika (PEI-SiO2) 
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2. PEEK 

PEEK, (-C6H4-OC6H4-O-C6H4-CO-)n 

aromatik [11]

keton) (PEK), poli (eter keton keton) (PEKK), poli (eter eter keton keton) (PEEKK) vb. 

[12]

nda ise 

la 

[13]

[11]

, PEEK matrisi ve dolgu 
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verilmektedir [14]. 

 

 

 [12] 
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Tablo 2.1. PEEK zellikleri [14]

1,26-1,32 g/cm3

Erime 334-

143-

Young 3,6 GPa

Kopma mukavemeti 90-100 MPa

Kopmada %50

Nem %0,1

Dielektrik kuvveti 190 kV/cm

5*1016 ohm.cm

72-85*10-6 -1

2.1. PEEK Sentezi

Friedel-Crafts asilasyonu)

- [9].

-Crafts asilasyonu 

4- (4- 4-

di (4-karboksil) fenoksi benzen veya 1,4-

[10, 15].

TFMSA'da PEEK'in sentezi [10]
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[9, 

10].

[10]

-difluorobenzofenon ve hidrokinon girmektedir. Difenil 

[9, 10].

[10]

-

sentez

-
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-diflorobenzofenon ile 

-butil grubu, TFMSA 

[9].

-butil hidrolizi ile PEEK sentezi [9]

2.2. PEEK Modifikasyonu
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modifikasyonu

[12].



7

olarak kategorize edilebilir [9].
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-metil-2-pirolidon (NMP) ve 

- -COOH 

na (

-

-

[10, 16]. 

PEEK-COOH yoluyla PEEK-SO2 sentezi [10]

Karthikeyan

-PEEK) 9,9-
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-bis (4-hidroksi 3-metilfenilin 

(DFA) ve 1,5-bis (4-florobenzoil) -2,6-dimetilnaftalenin (BHF) sezyum karbonat ile iki 

[10, 17].

PEEK-PR sentezi [17]

F-PEEK sentezi [17]

nedenle

memesi nedeniyle genellikle 
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-
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s
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[18].
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enerji
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[24]. 

tem

[25]. 
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3PO4 
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[10]. 

kullanmak
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-

CFR-PEEK'in kemik 
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3.1.  

Karbon fiberler, %90
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[31]. Pamuk iplikleri ve daha sonra bambu lifleri, 

[30]. 

[32].  

rda Japonya'da da Akio Shindo benzer 

[30, 33, 34]. 
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 [31]. 
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Tablo 3.1. [31]

        Malzeme (kg/m3) (GPa) (GPa)

Kopmada 

uzama (km)

Karbon 

fiber

Standart 1760 3,53 230 205

1820 7,06 294 396

l

1870 3,45 441 188

S355 7850 0,50 210 6

Tel 7850 1,77 210 23

PAN karbon fiberler

akrilonitrilden (AN) polimeri 3.4 t

3.5 te [30, 35].

3.4. [30]

3.5. [30]

Zift karbon fiberler
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Tablo 7.1.  

Malzeme  

 (Dost Kimya) 

 

2 

 

 

Dokuma tipi: 2x2 twill  

 

, SUSTAPEEK natural) 3 

Su absorbsiyonu: % 0,2 

Akma gerilimi: 110 MPa 

Kopmada uzama: %20 

 

Termal iletkenlik: 0,25 W/(m.K) 

PEI (Sigma-Aldrich)  

Erime indeksi:  

216  

-3000 MPa 

Aseton (Honeywell)  

 

Meldrum asidi (Tokyo Chemical Industry Co.),  

-  

Nitrik asit (Carlo Erba Reagents)  

1,38-1,40 g/cm3 

Etanol (ISOLAB Chemicals)  

 

N-Metil-2-Pirrolidon (NMP, Thermo 

Scientific) 

 

 

Silika (SiO2, Thermo Scientific) -225 m2/g 

Frekote)  

Etilen glikol (VWR Chemicals) 3 

-  

1-Bromonaftalin (Tokyo Chemical Industry)  
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- -

-

(CF-M) ve nitrik asitle (CF-

de hidr  

uygulan

 

 

Tablo 7.2.  

 
Numune i    

Modifiye 
i 

 

1 CF (X)  - - - 

2 CF   24 saat Su 

3 CF-W   24 saat Su 

4 CF-M (2) 
Meldrum asidi 
modifikasyonu 

 2 saat Su 

5 CF-M (2)- A 
Meldrum asidi 
modifikasyonu 

 2 saat 
Aseton, 3 saat, 

 

6 CF-M (3) 
Meldrum asidi 
modifikasyonu 

 3 saat Su 

7 CF-M (3)- A 
Meldrum asidi 
modifikasyonu 

 3 saat 
Aseton, 3 saat, 

 

8 CF-N 
Nitrik asit 
modifikasyonu 

 2 saat Su 

9 CF-N-M (2) 
Nitrik asit + 
Meldrum asidi 
modifikasyonu 

+ Meldrum asidi: 
 

Nitrik asit: 2 
saat + Meldrum 
asidi: 2 saat 

Su 

10 CF-N-M (3) 
Nitrik asit + 
Meldrum asidi 
modifikasyonu 

+ Meldrum asidi: 
 

Nitrik asit: 2 
saat + Meldrum 
asidi: 3 saat 

Su 
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-W, c) CF-M (3)-A, d) CF-N 

 
 

[84]. 

ro 15 cc Twin Screw Compounder) 
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[85]. Bu sebeple bu 



 

45 
 

[45]. ce 

kaplama si -%25, voltaj 16 kV-45 kV, 

 0,15 mL/sa-

  

 

  
E  

 
 

7.3.1. SEM Analizi 

-

lerde Karbon 

 -

Spektroskopisi)  Numunelerin  

elde edilen karakteristik X- . 

7.3.2. Raman Spektroskopisi 
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D/IG 

 

 

 
Raman spektroskopisi  

 
7.3.3. XPS (X-  

-Alpha marka ve modele 

sahip X-

monokromatik bir Al- -

-

 

 

 

-Wendt-

polar 

[21]. 
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Tablo 7.3. [86] 

  (mJ/m2)  (mJ/m2)  (mJ/m2) 

Su 21,8 51,0 72,8 

Etilen Glikol 29,0 19,0 48,0 

Bromonaftalin 44,6 0 44,6 

 

7.3.5. TGA 

 

 

  
TGA  

 
7.4. PEEK-  

 

-

-b).  

-

-

haline 
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PEEK 

PEEK-

- -PEEK film olacak 

kompozit

[84].

-CF kompozitleri 



 

49 
 

 

 
-CF kompozitleri 

 
Tablo 7.4.  

 Kompozit ismi  

1 katman PEEK  

3 katman 2 PEEK 1 CF  

5 katman 3 PEEK 2 CF  

13 katman 7 PEEK 6 CF  

17 katman 9 PEEK 8 CF  

 
 

 

  
-CF kompozitleri 

 
- istenilen 

boyutlarda -

boyunda dog- -

. 
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CNC freze 

 
7.5. PEEK-CF Kompozit Karakterizasyonu 

 

 

 

 
Analitik terazi  
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7.5.2. FTIR 

-1 ile 650 

cm-1 -1  

 

 
 

 
7.5.3. SEM 

 

-

 

 

-

-
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7.5.6. ILSS 
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PEEK ve PEEK-  5944 model 
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 (Devam)  

 
7.5.8. LOI 

PEEK ve PEEK-

ASTM D2863- uygun olarak  

 

 
LOI testi  

 



 

56 
 

  
 (Devam) LOI testi  

 
7.5.9. DMA 

PEEK ve PEEK-

ikleri ve cam  g

100  
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 (Devam)  

 

7.5.10. TGA 

 

7.5.11. DSC 

- -
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8. BULGULAR 

 

8.1.1. SEM 

CF(X) -

in

-b) [87]

[35]

yandan, CF-

-

-d-

[50], [88]

[89]

[58]. 
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-W, d) CF-M (3)- A, e) CF-N, f) CF-N-M (3) (15 kX) 
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(Devam) -W, d) CF-M (3)- A, e) CF-N, f) CF-N-M (3) 

(15 kX) 
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 (Devam) -W, d) CF-M (3)- A, e) CF-N, f) CF-N-M (3) 

(15 kX) 
 

-

-

[90] -silika 

nanofiberleri 

- -PEI-1SiO2

8.2- -PEI-2SiO2 



 

62 
 

[91]. Song 

-SiO2 

[92]. 

 

 

 
-PEI (60 s), b) CF-PEI (120 s), c) CF-PEI-1SiO2, d) CF-PEI-2SiO2  

(5 kX) 
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 (Devam) -PEI (60 s), b) CF-PEI (120 s), c) CF-PEI-1SiO2,  

d) CF-PEI-2SiO2 (5 kX) 
 

-PEI-2SiO2  

 

 

 

 

 

 



 

64 
 

Tablo 8.1.  

Numune C (%) O (%) Si (%) 

CF 99,1 0,9 0 

CF-M (3)- A 98,1 1,9 0 

CF-N 95,4 4,6 0 

CF-PEI 84,1 15,9 0 

CF-PEI-2SiO2 63,4 32,8 3,8 

 
8.1.2. Raman spektroskopisi 

ve CF-  

uyumluluk ve d [35]. 

-line (Disorder line) 

-line (Graphite line) 

graf -line ve G-line 

[93].  

Raman spektroskopisinde ID/IG 

ID/IG 

D/IG 

[94] D/IG 

a 

boyutunu ifade eder ve b  daha iyi elektriksel iletkenlik ve mekanik 

[95]. La 

[96, 97].  



65

analizi 

Tablo 8.2. Raman spektroskopisi

D-line G-line ID/IG La

CF 1376 1589 0,945 49,27

CF-N 1361 1605 0,902 54,08

CF ve CF-N numunelerinin Raman spektroskopisi

8.1.3. XPS

beklenmektedir. CF, CF-N, CF-M (3)-A numunelerinin

-N ve CF-M(3)-A numunelerinde hidroksil 

(- -

l grubundaki azalma, fiberlerin nem 

[58, 98-100].
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XPS C1s spektumu a) CF, b) CF-N, c) CF-M (3)-



67

(Devam) XPS C1s spektumu a) CF, b) CF-N, c) CF-M (3)-
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 asidi sonra aseton ile modifiyesi CF-M (3)-A 

 [98, 101, 102]. CF-N 

[6, 58]. 

 
Tablo 8.3.  

 CF (%) CF-N (%) CF-M (3)-A (%) 

C-C ( 284,7 eV) 

Karbon  
63,7 67,1 74,9 

C-OH ( 286,5 eV) 

Hidroksil 
30,8 16,2 15,9 

C=O ( 287,5 eV) 

Karbonil 
3,9 13,8 9,2 

COOH ( 289 eV) 

Karboksilik asit 
1,6 2,9 0 

 
CF, CF-PEI ve CF-PEI-2SiO2 numunelerinin 

-PEI numunesinde hidroksil (-

(-OH) 

- F-PEI-

EEK ile 

[65, 98-100]. 
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XPS C1s spektrumu a) CF, b) CF-PEI, c) CF-PEI-2SiO2
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(Devam) XPS C1s spektrumu a) CF, b) CF-PEI, c) CF-PEI-2SiO2



 

71 
 

Tablo 8.4. PEI  

Numune CF (%) CF(X) (%) CF-PEI (%) 

 

CF-PEI-1SiO2 

(%) 

CF-PEI-2SiO2 

(%) 

C-C ( 284,7 eV) 

Karbon  63,7 62,9 61,4 59,2 59,7 

C-OH ( 286,5 eV) 

Hidroksil 30,8 34,9 8,1 10,9 36,1 

C=O ( 287,5 eV) 

Karbonil 3,9 0,3 23,9 24,3 2,3 

COOH ( 289 eV) 

Karboksilik asit 1,6 1,2 4,1 3,1 1,9 

O-C=O (288,5 eV) 

Ester 0 0,7 2,5 2,5 0 

 
 

-Wendt 

) 

) -dipol 

  Y

 [21]. 

-N numunesi 

  

Wa) 

[74]. 

 CF-M numunesinde 

-N ve CF-N-



 

72 
 

 [56].  

 
Tablo 8.5.   

 kuvveti 

   

 
SU  

 

  

 

(mJ/m2) 

 

(mJ/m2) 

 

(mJ/m2) 

Wa 

(mJ/m2) 

CF    7,56 55,95 63,51 130,03 

CF-M    4,75 65,93 70,69 138,25 

CF-N    8,70 60,53 69,23 135,57 

CF-N-M    4,45 64,64 69,09 136,71 

PEEK    3,24 64,48 67,72  

 
silika ile 

 

-PEI numunesinde 

-

 

[56]. 

 
Tablo 8.6.  kuvveti 

   

 
SU    

 

(mJ/m2) 

 

(mJ/m2) 

 

(mJ/m2) 

Wa 

(mJ/m2) 

CF    7,56 55,95 63,51 130,03 

CF-PEI    2,04 71,91 73,96 141,33 

CF-PEI-1SiO2    4,58 63,52 68,10 135,70 

CF-PEI-2SiO2    4,41 59,91 64,32 131,87 

PEEK    3,24 64,48 67,72  

 
8.1.5. TGA 
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[58]. 40-

. 

[98, 103]

amorf . 

- -

[104].

TGA 

sebebiyle CF-

-PEI-1SiO2 ve CF-PEI-2SiO2 numunelerinin 

[99].
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TGA  

 
8.2. PEEK/CF Kompozit Karakterizasyonu 

 

3 

[14]

sebebiyle PEEK-
3) PEEK-CF-PEI kompozitinin 

  (2,65 g/cm3) [105]. 
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8.2.2. Kompozitlerin FTIR Analizi 

2 ve PEI-SiO2 

 

2 

[92].  

 

 
PEI, SiO2 ve PEI- SiO2 numunelerinin FTIR spektrumu 

 
 

-1 

(C=O) 1645 cm-1 -1 -O-C) 
-1, 1486 cm-1 ve 1410 cm-1

ve 1307 cm-1 C(=O) -1,           

1216 cm-1 ve 1185 cm-1

nmesiyle elde edilen PEEK-CF kompozit numunesinde belirgin spektroskopik 

[82]. 

  PEEK-CF-PEI-SiO2  

 

- -O-Si asimetrik 

n [106]. 



 

76 
 

 
PEEK ve kompozitlerin FTIR spektrumu 

 

 
PEEK-CF-PEI-SiO2  

 

8.2.3. Kompozitlerin SEM Analizi 

kadar uzun olur. PEEK- -a) ve PEEK-CF- -c) fiberler 

- -
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CF kompozitinde ve 8.13-d, 8.13-e ve 8.13-  

-M(3)-

-f) [107, 108]. 

3- -CF- -CF-N ve 

PEEK-CF-N-

modifiyesi -h ve 8.13- -silika ile modifiye 

edilen PEEK-CF-PEI-1SiO1 ve PEEK-CF-PEI-2SiO2 

 

  

 

 
Kompozitlerin  
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 (Devam) Kompozitlerin  
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 (Devam) Kompozitlerin  

 



 

80 
 

  

  
 (Devam) Kompozitlerin  
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 (Devam) Kompozitlerin  

 

8.2.4.  

Nitrik asit ve Meldrum asidiyle modifiye edilen PEEK-

 

-

-

[107]. Asetonla 

temizlenmeyen PEEK- -

 asetonla 

-CF-

bozulma

asidiyle modifiye edilen CF-M(3)-



82

[89].

PEI ile modifiye edilen PEEK-

-CF-

PEEK-
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-

kompozit PEEK-CF-PEI-

PEI ile modifiye edilen CF-

-PEI, CF-PEI-1SiO2 ve CF-PEI-2SiO2 

 

Bu sebeple CF-

[99]

- nin   (Tablo 

8.6).   

 
  

 



 

84 
 

 

 
 

d PEEK-CF  

 [8]

-

n 

 

[109]. 

olarak matrisin 

[110]. 



85

Kompozitlerin katman 

PEI-

-

-CF-PEI-1SiO2

-CF-PEI-2SiO2 kompozitinde ise 



 

86 
 

-silika numunelerinde 

[111]

daha fazla kilitlenme n p . 

 
 

 

 

 



 

87 
 

 

-  
 

8.2.5  

3 [112]. 

n 

[113]. 

-

beklenen 

[80]. 

 



 

88 
 

 
3. 13  

 

8.2.6. ILSS 

4 -CF numunesinin ILSS 

[57]

SiO2 

-CF-

-CF-PEI-2SiO2 

PEEK-CF-PEI 

 [3]

[65]. Wang 

nu ve  

lard  [114]. 

 



 

89 
 

[87]. 

 

4.  
 

 

5.  

 
8.2.7  

de 

 

-

 [108] -



 

90 
 

CF-PEI-1SiO2 -CF-PEI-2SiO2

 

[87]. 

 
6.  

 

 

7.  
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8.2.8. LOI 

si 

8.28 

[115]  LOI 

[116]. 

[117]. 

S

[118].  

 

 
8.  
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8. (Devam)  

 

8.2.9. DMA 

- 1, 10, 50 ve 100 Hz 

 Depolama 

-CF numunesinin, PEI ve silika ile modifiye 

edilen PEEK-CF-PEI-1SiO2  

 matrisini  

 . 

e 

PEEK-CF-PEI-1SiO2 numunesinin  bu da 

 

delta pikleri, cam g

-CF ve PEEK-CF-PEI-1SiO2 numunelerinin saf 

PEE  

 [62, 119]. 
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Chen ve ark  da PEI ve grafen oksit (GO) 

-

 [3].  

polipropilen matrisli kompozitlerde 

fiber 

 [120].  

 

  

, ancak Tg nu 

g n

ni belirt

 [121]. 

 

 
9.  

 



 

94 
 

 
30.  

 

 
31. 13  

 



 

95 
 

 
32. 0 Hz) 

 

 
33. 0 Hz) 

 



 

96 
 

 
34. 0 Hz) 

 
35. 50 Hz) 

 



 

97 
 

 

36. 50 Hz) 
 

 

37. 50 Hz) 

 



 

98 
 

 
38. 13 100 Hz) 

 

39. 100 Hz) 

 



 

99 
 

 

40. 100 Hz) 
 

8.2.10. TGA 

41-8.42 ve 

Tablo 8.7  

-CF-  

[99, 108].    

 
8.41.  



 

100 
 

 

42.  
 

Tablo 8.7. kompozitlerin TGA verileri 

Numune Bozunmaya 

 

 

Maksimum 

bozunma 

 

 

Maksimum 

bozunma 

 

bozunmadan 

(%) 

PEEK 576 594 76 50 

PEEK-CF  571 592 87 71 

PEEK-CF-PEI  569 589 88 74 

PEEK-CF-PEI-1SiO2 568 590 86 71 

PEEK-CF-PEI-2SiO2  570 590 86 69 

PEI 528 542 82 50 

 
8.2.11. DSC 

43-

44 ve Tablo 8.8 e  

[82]

iy  

takviyesi ile PEEK-

ktedir. PEEK-CF-PEI numunesinde 

PEI ilavesi, n 
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n . %2 

-CF-PEI- -CF-PEI 

[99, 122, 123]. 

 
43. K  

 

44. K  
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Tablo 8.8. PEEK ve kompozitlerin DSC verileri 

Numune Erime 

 

 

Erime 

entalpisi 

(J/g) 

Kristallenme 

 

Kristallenme 

entalpisi 

(J/g) 

Kristallenme 

derecesi (%) 

PEEK 341 20 295 30 15 

PEEK-CF 340 13 296 17 18 

PEEK-CF-PEI 342 11 297 18 15 

PEEK-CF-PEI-1SiO2 343 9 296 17 12 

PEEK-CF-PEI-2SiO2 342 15 296 23 21 
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-CF kompozitleri 

in ne etkisi 

 

d

PEI modifikasyonu de 

 

-CF- Kompozitlerin 

Kompozitlerde 

 

 

 

-

PEEK-CF-PEI-1SiO2 numunesinde belirgin 

. 

PEEK-CF-PEI numunesinde 

PEEK-CF-PEI-2SiO2 numunesinde 

 S

 ILSS 

PEEK-CF-PEI-2SiO2 numunesinde  
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  daha 

 . 

 PEEK-CF-PEI-1SiO1 ve 

PEEK-CF-PEI-2SiO2 numunelerinde 

 

PEI ve s

 

 ile yeterince 

 

ancak mekanik 

de 
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EKLER

EK-

denklem E.1.1 

(E.1.1)

Tablo E.1.1.

CF 48,44 0,663404 50,61 0,634596 20,8 0,934826

a), Young- (E.1.2) 

(E.1.2)
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EK-  

Tablo E.2.1.  

Numune  
(MPa) (MPa) 

Kopmada Uzama 
(%) 

PEEK 

1 83 3550 25,0 
2 86 3870 28,0 
3 89 4190 31,0 
4 86 3878 28,0 
ort 86 3872 28,0 
std 3 298 3,0 

PEEK-CF 

1 370 9755 1,8 
2 388 9915 1,9 
3 405 10045 2,0 
4 389 9925 1,9 
ort 388 9910 1,9 
std 15 137 0,1 

PEEK-CF-PEI 

1 397 10320 1,8 
2 383 9990 1,9 
3 410 10800 2,0 
4 398 10454 1,9 
ort 397 10391 1,9 
std 12 402 0,1 

PEEK-CF-PEI-1SiO2 

1 403 10590 1,8 
2 420 11700 1,9 
3 437 12600 2,0 
4 420 11602 1,9 
ort 420 11623 1,9 
std 15 910 0,1 

PEEK-CF-PEI-2SiO2 

1 409 10511 1,9 
2 393 10071 1,9 
3 417 10731 1,9 
4 385 9851 1,8 
ort 401 10291 1,9 
std 16 440 0,1 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

EK-3.  

Tablo E.3.1.  

Numune  
 

PEEK 

1 113,8 
2 86,1 
3 109,7 
4 78,7 
ort 97,1 
std 17,3 

PEEK-CF 

1 23,4 
2 25,9 
3 24,5 
4 23,9 
ort 25,6 
std 9,9 

PEEK-CF-PEI 

1 22,8 
2 23,5 
3 24,4 
4 24,5 
ort 23,8 
std 0,8 

PEEK-CF-PEI-1SiO2 

1 24,1 
2 23,1 
3 21,5 
4 22,8 
ort 22,8 
std 1,1 

PEEK-CF-PEI-2SiO2 

1 26,9 
2 26,7 
3 27,5 
4 28,9 
ort 27,5 
std 0,9 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

EK-  

Tablo E.4.1.  

Numune  
(MPa) (%) 

PEEK 

1 127 8,9 
2 157 7,5 
3 172 7,4 
4 153 6,6 
ort 152 7,6 
std 19 0,9 

PEEK-CF 

1 222 4,1 
2 250 3,0 
3 219 3,6 
4 221 2,9 
5 218 3,5 
ort 226 3,5 
std 13 0,4 

PEEK-CF-PEI 

1 208 4,3 
2 142 3,6 
3 193 3,1 
4 180 4,4 
5 210 2,9 
ort 194 3,7 
std 15 0,7 

PEEK-CF-PEI-1SiO2 

1 137 3,8 
2 150 3,8 
3 159 4,1 
4 137 4,1 
5 171 2,9 
ort 151 3,7 
std 14 0,5 

PEEK-CF-PEI-2SiO2 

1 184 4,3 
2 175 4,7 
3 130 3,8 
4 161 5,3 
5 177 3,9 
ort 165 4,4 
std 21 0,6 
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