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Abstract: A series of polypropylene (PP)/thermoplastic polyurethane (TPU) blends were prepared by melt
blending. The effects of three PP-g-MAH compatibilizers with different MAH grafting ratios (4.5 wt%
for C1, 10.5 wt% for C2, and 1.2 wt% for commercial PP-g-MAH for C3) on the mechanical properties
of the PP/TPU blends were systematically investigated using mechanical property tests, scanning electron
microscopy (SEM), and dynamic mechanical analysis (DMA). The results showed that the PP/TPU blend
with a mass ratio of 88/12 exhibited optimal comprehensive performance. Among the samples, the addition
of 2 wt% of the high-grafting-rate PP-g-MAH (C2) yielded the most significant compatibilization effect,
which increased the impact strength of the blend by 51.5% compared to that of pure PP, whereas the
flexural modulus was enhanced by 5.3%. This achievement resulted in a synergistic enhancement of the
stiffness and toughness.
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bilizer; Stiffness-toughness balance
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AT BRI B M (PP-g-MAH, C1#:4
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Table 1 PP/TPU blending formulas

Run Blend mass ratio m(PP) (g) m(TPU) (g)

100/0 50.0 0

95/5 47.5 2.5
92/8 46.0 4.0

PP/TPU

88/12 44.0 6.0
85/15 42.5 7.5
80/20 40.0 10.0
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T, of polymers
147.2
1149.4
\52.0
CPP (9.4%) |
3 ‘ |
= |
m T
CPP-g-MB 15j.4
PP-g-MAH
PP-g-MAH (St) 1128.5
PP-g-MAH (commercial) '
1 1 1 1
60 90 120 150 180

Temperature (°C)
& 1 CPP.CPP-g-MB JPP-g-MAH#DSC i £
Figure 1 DSC curves of CPP. CPP-g-MB and PP-g-MAH
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Table 2 Grafting ratio, melting enthalpy and crystallinity of different PP-g-MAH

Sample Grafting ratio * (wt%) M, (10*g/mol) PDI AH," (J/g) X. ¢ (%)
PP-g-MAH (C1) 4.5 1.54 2.53 37.92 18.31
PP-g-MAH (St) (C2) 10.5 1.83 2.49 52.15 30.67
PP-g-MAH (commercial) (C3) 1.2 16.5 1.70 1.34 0.50

@ Determined by acid-base titration; *AH,, is the melting enthalpy of the sample (J/g): X, is the crystallinity, calculated according to the formula

X, = % x100%, where AH ,?‘ is the standard melting enthalpy of 100% crystalline polypropylene, taken as 209 J/g.

m
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Figure 2 Mechanical properties of PP/TPU blends with different mass ratios: (a) Impact strength; (b) Tensile strength;

(c) Flexural modulus
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Table 3 PP/TPU/C blending formulas

C mass fraction (%) m(PP) (g) m(TPU) (g) m(C) (g)

0 44.0 6.0 0

1 43.6 5.9 0.5
2 43.1 5.9 1.0
3 42.7 5.8 1.5
4 422 5.8 2.0
5 41.8 5.7 2.5
6 41.4 5.6 3.0
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Figure 3 Effect of C1 content on the mechanical properties
of PP/TPU/C1 blends: (a) Impact strength; (b) Tensile strength;
(¢) Flexural modulus
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Figure 4 Mechanical properties of PP/TPU/C blends (Cl,
C2, C3: 2 wt%): (a) Impact strength; (b) Tensile strength;
(c) Flexural modulus
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&4 PP/TPUILRIK R M1k RE
Table 4 Mechanical properties of PP/TPU blends

System Blend mass ratio  Impact strength (kJ/m?)  Tensile strength (MPa) ~ Elongation at break (%)  Flexural strength (MPa)

PP — 4.61+0.20 41.19+2.21 363+27 1430+37
TPU — — 21.00+2.12 530+20 29+3
PP/TPU 88/12 5.30+0.32 39.64+2.11 179+9 1332+27
PP/TPU/C1 88/12/2 6.16+0.15 40.21+1.82 176+9 1351426
PP/TPU/C2 88/12/2 6.97+0.21 40.83+1.53 170+9 150429
PP/TPU/C3 88/12/2 5.76+0.31 39.234+2.42 175+10 1321+£26

5 N[EECHPP/TPUSL IR (1 vh i W R SEMIAL : (2)Z1iPP; (b) PPOSTPUS; (c) PPOOTPU10; (d) PPSSTPU12; (¢) PP85TPUI15;
(f) PPSOTPU20

Figure 5 SEM images of impact sections of PP/TPU blends with different proportion (a) Pure PP; (b) PP95PUS; (c) PPO9OTPU10;
(d) PP88TPU12; (e) PPESTPULS (f) PPEOTPU20

6 PP/TPUILIEY A vh s Wi TISEME : (a) PP/TPU (88/12); (b) PP/TPU/C1; (c) PP/TPU/C2;(d) PP/TPU/C3 (C1.C2.C34
N2 wit%)

Figure 6 SEM images of impact section of PP/TPU blends: (a) PP/TPU (88/12); (b) PP/TPU/C1; (c) PP/TPU/C2; (d) PP/TPU/
C3 (Cl1, C2, C3: 2 wt%)

(K 6b~6d), AMUTPU BRI IA ANFIRE L BB MAH L] 3 RE 5 TPU 70 7 h & 2 W R
/N, THETRZIAT AR AR B B, JRRIE T3 i (— NH— COO— ) 7E 4 mil i L i 78 v % A= 3t
AR PP EHET 5 PP AR I 3L R 45 5 THI A 2 SR B2 FOL A o 3 L LB, TPU 4
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Scheme 1 Compatibilizing mechanism of PP-g-MAH on PP/TPU blends
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Wi, 5 KR S O R W 22 2 (B 6¢). HH
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BRHR, MEEENE GRESTEEEST
Cl/C2, Bt FHEH R T FL i gE s, (HIH SE PR 2
OB RMETS . X AR T I BRI B R A2
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SFHUE B MR AIR
223 SrEUMEKRS T
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53 AT 15 3L, K FH Imagel 8 4H4%) #-1& % SEM El 4
T TPU B R AR AT G b B MRE R Se it
53 B FURE £ B 7E 150~200 4, &5 SR 7 B,
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B RST R K . I 255 )5, 43 8O R T 2
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— 4 % %2 0.91 pm, PP/TPU/C3 Jy1.62 pm. i%5E
45 5 SEME 1M 8¢ 58 4 — B (Bl 6), Bl w4
BRI C2 143 BUSCR B R
224 RIENEEYES T

Nk — P BGHIESE 2555 % PP/TPU FTHI AR 1 1) 2
3, e 1IN R K A, 45 R 8 fir
TN Al PP R 7K FE A 1 (108.6+2.0)°, K ILH B
KA RN TPU Ji5 £ i £ 1% % (105.3+2.0)°, 3 B
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5 TN PP-g-MAH H4 2555 J5 , He i 1 5 25 FAIK
H.rp PP/TPU/C2 14 & Fr$2 ik A % 52 (85.742.0)°, X
F W B AN 5L N, B2 AL TPU 4y
B RSN, W [F) 3 o T PRk P
225 MELSHT

J8 1t DSC X} PP/TPU 3£ JB 44 & (1) 45 filk 5 &5
AT N HEAT 0 M (9). 4l PP 45 I 44 fib 04 o7 T
166.3 °C, N ATPU J5B& A T s WG %75,
B AR N e G R FE Y TG I S AR AL, R 1 7%
A GI N AR PP 4314 A 7 HE 5 A ot i 72
ST, 45 RS AR 45 o BE I B 4B 7 T O R E I
ZE5 (R 5). 4PP L, &N 54.6%, I TPU J5
B 42 48.1%. [HAFIER 2, 328 70056 45 a5 7
AT AR . IRINCL AN C3 &, 45 b 5 2 9
B 45 34.8% A1 34.1%, BORIG 25 44 2 T 152 28%:
T C2 44 Z I 45 b FE A5 4E R 1 50.6%, AN LU AR 34 45
1R 2K 4.2%, BEMT C1/C3.

X2 AR NS B () 45 e R GR 3)
PIFEG. C1ANC3 RN 2, MELL PP IR 3L it

&5 PP/TPUILIRIA R AR 5 45 5
Table 5 Melting enthalpy and crystallinity of PP/TPU blends

Sample AH* (J/g) X2 (%)
PP 100.6 54.6
PP/TPU 88.5 48.1
PP/TPU/C1 62.8 34.8
PP/TPU/C2 93.2 50.6
PP/TPU/C3 60.0 34.1

#AH,, is the melting enthalpy of the sample; X is the crystallinity of
PP, calculated according to the formula X, = AH, /(209 x wpp) x 100%,
where wpp is the mass fraction of PP, and 209 J/g is the standard melting
enthalpy of 100% crystalline PP.
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Figure 7 Particle size distribution of TPU dispersed phase in PP/TPU blends: (a) PP/TPU; (b) PP/TPU/C1; (c) PP/TPU/C2;
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