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Effect of flute direction and structural modification on the load-bearing performance of highly filled PP

with CaCQ, hollow boards
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Abstract : To investigate the mechanical properties of highly filled polypropylene (PP) with calcium carbonate (CaCO,)
hollow board and enhance its load-bearing capacity, high content of CaCO, filled PP boards were first prepared by extruding PP
filled with high-content CaCOs. Through tensile tests, tear tests, vertical compression tests, and static compression experiments with
different structural configurations (cross-shaped, triangle-shaped, and grid-shaped), flute directions (across-flute and along-flute),
and basis weights (800, 900, and 1 000 g/m’), the mechanical properties of the boards and the load-bearing characteristics of their
structural components were systematically investigated. Results indicate that when flute direction is changed from across-flute to
along-flute in the static compression experiments, the tensile modulus of the board increases by 81%, and the peak compressive load
increases by 8 times. The mechanical properties exhibit a nonlinear increase with increasing basis weight, and the 900 g/m* board
demonstrates the best tensile, tear, and load-bearing performance. The effects of flute direction and basis weight on the mechanical
properties of different structural configurations are consistent. Among the three structural configurations, the grid-shaped component
exhibits the highest load-bearing capacity, outperforming that of the cross-shaped and triangle-shaped ones by an average of 51%.
Therefore, in the structural design of high-calcium PP hollow boards, the flute direction should align with the loading direction, the
grid structure is recommended, and a basis weight of 900 g/m” is preferred.
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Fig. 2 Tensile specimens in across-flute and along-flute directions
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Fig.3 Compression test specimens of different structures in the along-

flute direction.
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Tab.1 Tensile performance parameters of hollow board

Basis weight/(g-m?) Flute direction Tensile modulus/MPa  Anisotropy coefficient Breaking force/N Yield stress/MPa

Across 207.44 107.41 1.41

800 1.77
Along 117.18 58.16 0.73
Across 256.86 219.32 2.60

900 1.96
Along 130.9 121.03 1.41
Across 264.72 149.08 1.74

1 000 1.70
Along 155.56 61.14 0.78




R, S A5 1) 5 G5BT R S FE CaCOs/PP Hh s SRR B MERE Y 20 67

WP A S e s 5 . S =4I R s E g
AT A R B - A M 2. B S T LLE
t 900 g/m?® MR A BT AL BE Fe i, HEUCZ 1000 g/
m’.800 g/m’, AN [F] 5w F A il AP S PERE R B : 900
g/m*HiF>1 000 g/m* i A1>800 g/m*#if1 .

80 —800 g/m?
- - 900 g/m?
— — 1000 g/m?
60 C

Payload/N

Displacement/mm
F5 s Bl - 2k
Fig. 5 Load-displacement curves for tearing force of hollow board

K 6 e ah i 25 B BOUUE S F, ] 6 F1
6b F W I 1) £ B PR BB A, BITULER BI) Kd 22
R G55 1 K BURCIR " OB (CaCO,) . “ 22 IR S5 ™
JE T PP AR E T LT A v A AR B B AL IE
O3 FHERRLAR IR 2 B R T A B AT 4
Pl 6¢ H1 1000 g/m® K iy 1Y W7 F1IE 550 0 BE T Bk 19
YT 5 BURUIURL , AR5 BT R L I
FIE T2 T e O I R R 2 5 BRI R ik
MR EGIEURL 55 PP LRSI B ) , SECRHBOR DA BT
BN AL . RIIER ST E A T SR Y 5
PN B, S U SRR 1 455 56 5 1A T 2R
o B ITIE Iy AR S AR B R O S BRI
T RLAL T AR B3 e , B AT RE R S A 78 73 BB 1k
AR AR 0T (58 2 A R, PRt L S8 e B i o
TR
2.3 EHEGIRE

X R A T A B B S AL, PR B S A
RORFE , DUHAN R - Y (B e A 4501 S8 M
AN ) AT ELRAR T, WA 20 M ] 2B« KA 1)
5 U 1) ) SR R 2 S W A, AR 250 S A e
95 ) DAy MRS A ) IR AN [ 5 7R 3 1) 2 5 ST A A
TEH N 900 g/m’ (AR HL S R 800 g/m? 1 000 g/
o’ A AR PRI LR A0 R BE - 24 0 45% . A 1] I 2
A7 2 Hh 0 AR S 2 L, 00 2 R R AR E TR AR R 3K
SN WA AT U= o PNTR AR RN
A AR R AR T B AR AR (H IS

(©) 1 000 g/m®
Fl6  AfF po e rhs Bl 24 SEM R -
Fig. 6 SEM micrographs of tear fracture surfaces of hollow boards

with different basis weights.
R2 ZHRERMEEEFRRER
Tab. 2 Vertical compression test results for boards in three basis

weight groups.

Vertical compressive force/N

Basis weight/(g-m %) . =
Along-flute direction Across-flute direction

800 341.82 88.18
900 545.94 100.8
1000 423.74 93.44

] — 2 7E I LR 45 ) 8 A ka3 - R IR R]
49900 g/m*HkA>1 000 g/m* B kF>800 g/m* Mkt . 4
TR AT AL AR A AEAS [RA 1) B R P g
s LB, LA AR B SR 900 g/m’ ) AR 2k P g
el o

A UL RS R A TR VR 458 R
[ A5 1) 2 e Re 25 55 B i, U A ) B 2 R TR AR
6], AN 58 5 P 900 g/m? kA i i M BE R BLAAR
HIKE 1000 g/m?* Mkt 800 g/t . 455 1) Sy A%
] B R [ 50 5 7 22 PR RE 25 S I B . AR B
SAVERE ALY AR S TR 4RI T BB 2 K A= Ak
Wiz,
2.4 MR BE MRS AT
241 FRBETFHEHENESESHRE

X} 800 g/m’ I A5 F AR A E 4 T A R 41k
5, 11 7 SR A RIS ) ) A -0 B 1 2k, A 1) A 2



63 TR

2026 4E, 45 54 4 55 3 1

1500 Across flute direction
— — Along flute direction
1200 ,J\
}\ 11 I v
% 900 H
< r i
2 I
2 600 il J
{
I \ /
300H //
W
0 20 40 60

Displacement/mm
7 800 g/m IS IR Uk g 2 - % i £
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in different flute directions
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Fig. 9 Load-displacement curves for across-flute specimens with vary-

ing basis weights and internal structures.
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with different structures
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