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Influence of bamboo fiber particle size and addition ratio on the properties of
bamboo fiber/polypropylene/CaCO; composite
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Abstract: [Objective] The influence mechanism of different bamboo fiber particle sizes and raw material
ratios on the physical and mechanical properties of bamboo fiber/polypropylene/calcium carbonate
composites was expounded, which could provide reference for the industrial production and application of
BFs/PP/CaCO; composites. [Method] Taking calcium carbonate, bamboo fiber and polypropylene as the
raw materials, BFs/PP/CaCO; composites were prepared by controlling the particle size of bamboo fiber

(40, 80 and 120 mesh) and the ratio of raw materials, and their physical and mechanical properties were
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investigated. The microstructure, thermal stability, and fluidity of the composites were characterized by
scanning electron microscope, thermogravimetric analyzer, and melt index instrument, respectively. Finally,
considering the production cost and related performance requirements, some suggestions were put forward
for the production and application of BFs/PP/CaCO; composites. [Result] With the increase of calcium
carbonate content, the tensile strength, flexural strength, and elastic modulus of the composites decreased
gradually, while the density increased. The particle size of bamboo fiber had a significant effect on the
physical and mechanical properties of composites. When the particle size of bamboo fiber was 80 mesh, and
the addition of calcium carbonate and bamboo fiber was 5% and 45%, respectively, the tensile strength,
bending strength, and elastic modulus of the composites were the best, which were 36.09 MPa, 62.6 MPa
and 4.30 GPa, respectively. The addition of calcium carbonate had little effect on the impact strength of
composites. In addition, with the increase of calcium carbonate content, the thermal stability and melt
fluidity of the composites also improved. When the proportion of calcium carbonate mass was 20%, the melt
flow rate of the composites was 16.50 g/10 min, which was 8.98% higher than that of the group without
calcium carbonate, thus the processability was improved. [Conclusion] The composite material with 80
mesh bamboo fiber exhibites excellent physical and mechanical properties. After adding calcium carbonate,
the raw material cost of the composite material can be reduced by 1.63%—6.54%, and its related indexes
were still far higher than the requirements of industry standards.

Key words: composites; bamboo fiber; bamboo fiber/polypropylene/calcium carbonate composites; calcium

546 4

carbonate; physical and mechanical properties

H Al FRIEA GRS K, R 75 Z A0 Y,
R Z N, T FAE KRR, T SRR 2 E .
[ AR PR VAR 2 2014—2018)HHE B : 4 AT MR TH
O IE 641.16 75 hm?, 7T A4 7= & 5 1 8 & 1)
173, B gtttz BB, SR, 247 F 1o Tk #2
VMR R G, FP2E T 45 KEM THRR
Yo B, BT L — 2B RIORI AT 9820 B )5
TRZRCL,

WAk, DLRRFRES /R G M E A MR B A
= S SR ARG N . SR, B R AT 5 Y R
AR, RRE MRS SR, 7]
SPERE R D, R L b T 2R T 04 7R S B A =
SR X — D7 AL AR A L OB, S —
TR T AR . TR B, I R B KT
LU R D 41 44 L nT A R e B A A RH B
PERE, WIARLTYE, FTer4es5t, 5RLFYEMLL, 1r4F
Y BB E A GRS EL 55%), HHE R
22 $ 5/ (2° ~ 10°), DRI A 58 AR S i AL
REUN. BT, T E A MR T CEUS T — € A
TR, EEET TS R EW IS A R
F e 38, (H LR K 4 R RS E TR R i i O
bk, ATLLER AR AMEL ST E MBI G, LA
VA2 BRIR S -GN E R & A 1T 85 66
Ko [RIET, 25 R BIATRLE N T F2 vp = A 4 4 R
SFERHA—, BHAMCAX 3R, K200 246k
[ BE P A R R

ST, AR BRI, SR ST A I T
PRI IME 32— 20 BRARAE P B, AT %
SO RPRLARAT 2T Y B AN R SR B AT 7245/ 5 D )i/
TR S & AR HE T A M BE OS2, 1] W4
HLEE, RN ERGPERE 5 AR 2 3R A @i, DA
AT SRR DAL A A b5 R 3R A -

IR %

1.1 & #

E T (Phyllostachys edulis) 4t 4 (bamboo fiber,
BFs), W B AREILT TR ER 55k RS
(CaCO¥r 7K, 3 000 H , W 7] F SCHH A1 LA R
&l s B A I (polypropylene, PP), F#-5 300s, 4 H
B AN TR 5 A R A A IR, 85 L-M,
W H R iiE s R E A B IRA ) BRI %

% W M (maleic anhydride grafted polypropylene,
MAPP), A5 WP200, 11 [F T fe 2 B # kR L
AR
1.2 #ARFE
121 M %HRELE

{55 F AN TR B 2500 19X 575 %k B A7 £ 4 3k 47 5 0 43
e, 43l ik ORIy 40 H L 80 H AT 120 H AT 4R
Yk o B 57 5 AT LR 4EIR I AE £ S T K 24 h, Bl
J& 4 ol B HE o BT AR 4E T O R (Leica S6D,
T ED TSI, UK 40 £5 2618 FREHL
DI 200 FRLFAE M BERI T8 B2, IR R v .



51

&S AT YRR S LU A T I A R T e S 133

A oAb &
SEMEHOGI S mMBEWE s, 5%, K
PP. BFs. CaCOs. jiii 71 MAPP % 3% 1 fiR 1
B 7 R ARG TS IR 25 51, [8 5 PP [ &0 80N
47%, MAPP (V] 553 BN 2%, T8 751 1) 5 & 5 4
N 1%, BFs Fl CaCO; Jli & 7> $ 2 I 50% . N5
1 8 2 V5 0 B X AT A8 4 R TR I TR TR S B A b R
(BFs/PP/CaCO3) 1t e 5200, B AT 4E A CaCOs
() 5% & B 43 19 50104 4525, 402104 35:15 H130:20.
B FORHE IR E (103 £2) C Mt A b TR =
FIKFENT 2%, RAF%H o« SCH COF50-40 R n i

l

1.2.2

P 55 0 1 o5 L 0%, 40 H AT 247 48 5 & 5 B 50%, LA
G

BARER ST 0 ERBON m i ALCH % SHR-300, H
EDHIE A 10 mino HUH VR A 4 16 OB, {3 B XU AT
B HLCRIR 58 KTE-36/500-18.5-40, D #4755
IR, B AL — X & JUIX R 2 9 1328 80+ 100,
175. 180. 180 175, 170 170, 170 °C, ¥2 T % Ky
280 r/min, MERIFETH )y 10 r/min. A HJE, Kk
Ja IR B 22 /INROREIR, 8 S5 BN VR S R AL A
¥ JSV170/350-A7S, H [ED i E 47328, LAE I T %
PR HE IR 7 2 R REDARAE 2% o VRSB, Rl 37 UL B AN 3E

| Foib -

Extrusion pelletization | ‘

TR
e Mixing —
1] ~ 8 D
L BriipL
Extruder

High-speed mixer

Fig. 1

B |, e

*« ¥ Injection molding

2B
Injection molding machine

K 1 BFs/PP/CaCO; AW kM &R & K

Preparation process diagram of BFs/PP/CaCO; composite

F 1 BFs/PP/CaCO; EG#MHHAENELL ( REHNE)

Tab. 1 Formulation of BFs/PP/CaCO; composite (mass fraction) %
2T Y 2 %
e TR Bamboo fber (81 WA ST VL KERRHERCR TR g
Specimen 40H 80H 1204 CaCO; Polypropylene (PP) ydnde gratie Lubricant
40 mesh 80 mesh 120 mesh polypropylene (MAPP)
COF50-40 50 0 47 2 1
C5F45-40 45 5 47 2 1
C10F40-40 40 10 47 2 1
C15F35-40 35 15 47 2 1
C20F30-40 30 20 47 2 1
COF50-80 50 0 47 2 1
C5F45-80 45 5 47 2 1
C10F40-80 40 10 47 2 1
C15F35-80 35 15 47 2 1
C20F30-80 30 20 47 2 1
COF50-120 50 0 47 2 1
C5F45-120 45 5 47 2 1
C10F40-120 40 10 47 2 1
C15F35-120 35 15 47 2 1
C20F30-120 30 20 47 2 1

¥ : COF50-403R 7R B RAS Jii & 15 Lh0%, 40 H AT 474 i & 5 EL50%, LLRIRI#E. Notes: COF50-40 indicates CaCO3 mass accounting for 0% and 40

mesh bamboo fiber mass accounting for 50%. The same below.
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Tab. 2 Size statistics of the bamboo fibers under different meshes

B4 FA RKE R/ME Rl bk A5t R A
Mesh Type Max. value/um  Min. value/um  Average/um  Standard deviation/um  Variation coefficient
K ¥ Length 3246.02 907.66 1 867.08 413.93 0.22
40H 40 mesh % & Width 392.29 76.92 233.03 60.01 0.26
K9 b Length-width ratio 29.00 3.14 8.71 3.65 0.42
K% Length 533.64 123.74 285.06 83.25 0.29
80 H 80 mesh Wi ¥ Width 44.65 9.34 23.69 6.96 0.29
K3 Lt Length-width ratio 31.26 5.40 12.76 4.43 0.35
KB Length 485.96 111.41 207.51 64.46 0.31
120H 120 mesh 52 % Width 39.91 10.44 20.30 5.72 0.28
58 Lt Length-width ratio 32.48 4.50 10.93 4.44 0.41

3.91 GPa fl 8.29 kl/m*. #f 5T K B : 3H 7¢ 30% 1)
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Fig. 5 SEM of fracture surface of BFs/PP/CaCO; composites
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Fig. 6 Mass gain ratio (a) and thickness swelling rate (b) of BFs/PP/CaCO; composites after water absorption
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Fig. 7 TG (a) and DTG (b) curves of BFs/PP/CaCO; composites
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Tab.3 TG and DTG analysis of BFs/PP/CaCO;

composites
P T C Tsg)C Tyg0/°C T °C To/°C. Carbon residue

Specimen .
ratio/%

COF50-80 375.0 268.7 370.0 478.1 1613 11.2

C5F45-80 3954 282.0 373.0 480.0 164.9 12.6

C10F40-80  419.7 290.6 411.6 482.6 177.7 16.7

CI5F35-80  433.2 295.1 441.1 485.1 1875 17.3

C20F30-80  443.6 296.8 451.8 484.8 190.6 18.7
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Tab. 4 Melt flow rate of BFs/PP/CaCO; composites
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Specimen Melt flow rate (MFR)/[g-(10 min) ']
PP 21.00
COF50-40 9.62
COF50-120 10.06
COF50-80 15.14
C5F45-80 10.25
C10F40-80 10.14
C15F35-80 12.59
C20F30-80 16.50
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Tab. 5 Material cost statistics Unit: CNY

FE&h Specimen  BRERES CaCO;  BFs PP MAPP V77 Lubricant k511 Total material — #9i %% F Logistics cost %11 Total

COF50-80 0 1660 41454 480 110 63954 3161 9556.4
C5F45-80 61.5 1494 41454 480 110 6290.9 3219 9509.9
C10F40-80 123 1328 41454 480 110 6186.4 3277 9463.4
C15F35-80 184.5 1162 41454 480 110 6081.9 3393 9474.9
C20F30-80 246 996 41454 480 110 5977.4 3451 9428.4
COF50-120 0 1660 41454 480 110 6395.4 3161 9 556.4
C5F45-120 61.5 1494 41454 480 110 6290.9 3190 9 480.9
C10F40-120 123 1328 41454 480 110 6186. 4 3248 94344
C15F35-120 184.5 1162 41454 480 110 6081.9 3364 94459
C20F30-120 246 996 41454 480 110 5977.4 3451 9428.4
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