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Pultrusion and Reinforcement of Continuous Glass Fiber Reinforced Polypropylene Composite I-beam
Wang Zijian, Zhou Xiaodong
(Shanghai Key Laboratory of Chemical Engineering for Multiphase Structural Materials, East China University of Science and Technology,
Shanghai: 200237, China)

Abstract : Main material of I-beam is metal or wood, these materials are easily limited by the use environment. The influence
of different pultrusion process conditions on the mechanical properties of continuous glass fiber (GF) reinforced polypropylene (PP)
I-beam and the influence of glass fiber mesh reinforcement on the failure mode and properties of I-beam were studied. The results
show that the mechanical properties of I-beam are the best when the temperature of pultrusion die is 235°C, the temperature gradient
of cooling die is 65°C / 85°C /105°C and the pultrusion speed is 80 mm /min. The research show that the addition of glass fiber
mesh can effectively improve the failure mode of I-beam, improve the mechanical properties of I-beam, and the bending failure load
reaches 4 842 N. The addition of GF mesh cloth effectively improves the failure form of the I-beam and increases the bending failure
load of the I-beam by 6.0%.

Keywords : I-beam ; continuous glass fiber ; polypropylene ; pultrusion process

TR 2 N T A FOR FAT, JEHAE SR
Il 5 e A BT A S BRE N, T R ot AT AR R
ST P 8, i T T L B T R AR R T
Bl T 40, AR T B T 322 , S R
SR, TR FH 2 5 52 B BR R LKA 2R AR A BR
il o BT LIA To b A BE ST 2 S F BT P
Z—s

SRR T TR 2 A PR RO TR B el
RE 7 9 S5 U0, 9 iz R T B i TR R
E FRARSEGUR L B R E A S s Gk

JE  TERS IR AU BRI B & R B o [ 5
BB Z —. PR SRR YRR a4
THE AN B2 - PR B R AT AT [l ORI T A3, E 4k
T TSR RTINS G2 — . BRI
BAPRAE S TR b R — s T 3k e
AT Z A TTE . AR 2 — i
HELEETYEFN PRI i S AT A o BR 5T A AR IR
DR LT AF T2 kg a8 — A i U, W
F T IAIBNE S5 MR AR 1) Al i ™ g g
Pt N AR T Y 7E U R R v B i

BIRIERE  AWEAR, T A S0, 08, R NFRIRVER S YIS FRH i 25 5 B A 22 A R AW BT S 3] A=W

SRR R PR AL AN S A AR A S ThT RS
WiE BHA: 2021-07-04

S| AR L, RN . ST A R R R SR T2 R sl b (9], TSR, 2021,49(9):68-72.

Wang Zijian, Zhou Xiaodong. Pultrusion and reinforcement of continuous glass fiber reinforced polypropylene composite

I-beam([J]. Engineering Plastics Application,2021,49(9):68-72.


杨超


LT, A LB LT ARE R RN R S MR T T R B R B kb0 69

NG TE R Ak, e E R &4k k2
T (RS i A ST S R R RE AR
FH U I i A A R AR A 2 B T B o A 1L

EH VN LLY AT Y (GF) H9m RN (PP) Tl
Bl Ry AR, S  fr Bt R B Oy A A T PP &
BB T3 WF5E T fi A UERH R TR
BRI A RE RS2 o (RIS, X L i Y A%
i B = AR R TR AT T ST, 0 AR I
PRI ) T ey 58, i T e e X,
T HAEAZ B R B RN 2 55 IS A Ak
WERE L%

1 ZWES
1.1 E&RAH

PP/ GF(37% GF) Tz : A l;

GF M. 13 H.10 H .8 H, 738 & M3 21l
A FRAFE
1.2 L& &ERALE

J& A XA 51l oK U % B B & R A BR A
Fl;

PrEeim T A =2 Al
HL T 7 BEAT RHAR IR AL . CMT4204 BRI Hish
= SRR AT FRA F 5

L K SF400A A, 75 58 T m 3k K B i 1
LV

YIEIBL: 002 BY, b ifg i Wik dr T3 A BRA A
1.3 Hohl&

WK B 200 mm () F7 57 R R AR L[ 5 78 fr
BRI BRI R TS GF BE8 PP HRA SR IR
Wt HEIE T R AL E R A RIBL R 5| L.
FERLET AR B A A N RS LI B A AR A 3]
BE I IR R R R Je , (A2 5 | WL 42 5 | 1
FEATHIBT L AR BB SR T, B
AT PR R T2 nE 1 R,

g

1 YE%E GF B3 PP R Rn
1.4 gl

X B AR 0 52 A R T R 0 S i R
i, 2% 451N GB /T 1449-2005.

(L AP AR A5 B R A S m, P
R EAT £ B 7K R b, S80S 21
IARE AR v, FHE R A5 AR e

p="r (1)
2 H#HER5WHE
2.1 #HEHITF R

Vel 2 R R B R T TR s
1.26
1241
1221 /l%
120+ }/ /}/
118 ]
L6}
114 ]

112+
1.10

(g (tm“z)

W/

2 4 46 a8 50 %2

TR /M

B2 RS T 17 R %

ML 2 ATLLE 1 BE R A R AR (42
AR I A A T R R/ N TR (PR
A B 211 2 g4 em’), X B8 7E SEBR LB 1T 7R
Hh BTG A TR R R T RIS TR R AT
ARt T G B B TR A (4 9 22 T T v o
X Uk W B T Al B (Y3 0, A IR e R 52
PR I AN, R 5 9 2 B e i 2%
PR BT HELAE AR B N TR, —URBIRCRA Fr It
[, B B AER R R T AP R & A2 . i [
U AR Jig 3L 2> R A e 2 Bk 2 [ RTAR 3, SR
[ A EL RELAS: , ELARHIRIH | 3k BIShAS AP , (R i
TRAHEE

HRERHE WG, B AR R Z B R T
N, 3 BT T4 B TR A R R i It e e, B
A S A R RS SRR BT 72, 15
T G 2 VR R AR AR AN P

K 3 S iR A sk X T 2 i M RE R
M 3 TR FEFERHE 50 AR FiS ih P AE
6000 -
5000 f
4000 | %/%/§/
3000 |
2000 |
1000 |

—+—

EMBIRELT / N

0

42 44 46 48 50 52
BURH R / AR
3 AT A I T e A


杨超


70 TRBRHILI

2021 4F 55 49 4,55 9 #i

Ty dERk i i3 2 R TP, X5 TR
9 AR R R AR R 19 o 3 E A Bl E R 3 22
FE I, WA R BANBINGE , A E-5 47 4k 45
AR EINE R, W T TR N B . (02430
RHERME] 50 M2 )5, dERkE T 24 Kk A 24 8
SELL TR LI A TR 3 B P sl 3 2
A AR R AT Tl . SR Ry 52 AR B 1)L i
BT i B E) 5 129.80 N, {HAARAE Jy 3 801.02
N, 22 B H AT RHE A 2 5 424, 38 8] T 1329
N, T LR 225 i PRt A AL, HAR e Pl
FETEAE BR BRI , 78 SEPr Al F i A AE 4 T R B
AT AEERHR g 50 AR (BIABEHERHRE R 1.24%)
N PERER Yyl s
2.2 ILEEMSIFEGY R

Pz 55 B R L IR B 6 T G il 1 i B R )
WE 4 frn. fE 4 RTA 25 IR 380 il 2 P Bt
PRSI B () TH i S L THIE R X Ui B
BB ELI B 0 T A R N e 4, IR IR
ORI BT, A AR FE . (H SR R
B, —53 PP 23 & A AL B fe , (A9 T 52 1 Ak
FR&. R, d AT HITEE 200 ~ 235 °C X — iR )% X [A]
R A B B AR, X R O AEIRE A 5 200°C
J&i PP W AR HE B I S RE 1 3% , 4T RIVE R 055
REEE TR, st A T W i AT k2 5
MR, T3 i vk R s . (H R IR 3
235°C )5 , i BE By Tt o IR ] 7 LA S B i
SR, TR A BE 2.

6000 -

~ 5000| ]

= 4000 /?\/§ -
- i

= [/f

2 3000

E 2000
& 000}

léO 260 2‘20 255 250 260
BRI / C
P4 RIRHRAR R PRI T 578 i AR
P S Ay v 140 B P80 A% L TR R A 32 T 25l TR 2%
TSI, & 5 AT, T e i MR Rl A V2 1)
PRI ELRL BB BE Y LRI T R, 72 65°C / 85°C /
125°CIPERE R AL, 15 5] 4842 N, X T7ER A
RS EL e R R A i, 2 R ARV NG R SE
P, 3 fof A T R i i 2 1T L R 5 L EL R A
RIEEVREE, P PRI SR , 3T 7321 5 N3
BB 3 B R P RE T . [RIRS, AL Py SR

FEBEIIME R TP AN SR 2 S PR v , (A 2T 4
T Fa LD, M T RN F I i PERE T . R5E
VM T FRAE BT SRR R i 2 h TR &
LN S A B Gl , (i T AT At
6000 -

Z 5000 -

= 4000 |

ﬁ 3000 -

=S
= 2000+

21000}

s \\Aﬂ;’()

Y
WU
N

o RN o
Vo ) AT L IR b 1
IS RIS H R R ELL e B e 1255 R A
(& 6 7 5 3 X6 T 22 25 i e R 2y 1)
. MIE 6 0] LB+ T 5792725 i VR B bt 25 Pr B i
JE R 4EF S8 TR BRAR, 302 i T 0 7E R
B A T R R R R AR R 25 T 1R ) 2 ]
YERIRYZE 3, TEHA R AE 80 mm / min AR B, 34
NE s il e 4 B EL5 T s o R It ) 4
KN TRV RE S Rl A BT R A B TS A
Bifi o 5 B BT BLELZG T IR R W =
B R B 1R R o R 2 Pl i
Peos FECHR A TEPLBT AR b (5 B B[R] 0
RERBIE R 2 , IR BT T, 45 T 5 Rk Reks
o[RBT, SHHF i B e il Prss ph R E i v 2
PRI 25 e AR R AT S AR 1 XSl 3 2 28
B4 i, TRT A 25 98 SE00 Tovk Ak Stk AT,
T S5 r RS R S i — [
6000 -
5000 -
4000 E/M“}\*
3000
2000 -

BRI /N

1000
0

5‘0 E;O 1‘10 lgO 12;0
BB / om - min)
P 6 NIRRT s R
2.3 GF M#Aihig)e T 5 M4k
K7 R T3 Jm i a8 ™ i . AE ik
T TEVEREI e I, 15 AR 32 2] ey 3 268 iy EF P
W 2 AR i (& 7a) IS SR (&
7b). HHFE GBI S T F Al i, A
LG IRITES M PERR AR TR AR IR T PERE. Ao


杨超


LT, A LB LT ARE R RN R S MR T T R B R B kb0 71

BB 527 A SEIR AR AT AR 1) T L
BT GF [ A, A HARE T B4 504, LI
R SRR
TR
e
(@ (b)

a— MUk i 5 b—3 2% i i
K7 TFRkamlans Fadapa

SR A I TR AR 8 TR, LA 143+1( HI
PR 3 2% b 43 530 R0 1 AR 3 em 56 1 B 2T A% A
FEREARALERIN 3 4 2 em T (B EF WIAS A5 ) 185 5K
A 8 BIMAEARE, T34 sk 2k 4+ 7
6.0%,3i5%) T 5132 N, X i5eH] GF P& A ek 1.5
PARULRE ] 2T e 29, N SR ARAE T — o 1
FF LA A1 R A% 11 55 R 808 J i I, ) B UREE T
A YR S T R 2R R 4
Tt EBER PR A B3 £, T 73 124 M RE
TR O A S AR AN A S i A5 T 5 R A
(R LT 2 53 AT A TP T e Bt DO s A FH o P 34 o 25
M PEREA Br N R [RIE, Qi 9 s, A A i A fff
19 T 3 0 W et A i i, 45 ° RHAC s A X
T SRR A S5 A di R B, RS T T R 3 )
28.26%, LA R FHET 34.43%, fH2%) KTy 24
PEREE A R B2, 57508 8 H Mg i & L
L RE, Hi1F TF Qe e i R TR T 15.49%,
B Z TR T 33.33%;

6000 -

5000
4000
3000 -
2000 -
1000 -

AT /N

0
TCIBEAT 143+1  2+45+2  3+7+3

GFR# A ATy X
B8 N[ GF Rk AT 20 77 5275 Al IR 48
401
3.5
3.0

N

0.
TMEAT 8 13 8(459)
GFMiAT H %/ |
Ot i) 5 SR ]

P9 ARIRIAS AT FBN T i R

iR/ %

3 Hig

(1) LA GF Ji ik % 1Ky 37% (1 002 45 A J5URE,
SEBRIERE S HERM 1.2 £50F, PP/ GF T5% )
e AL

(2) TEALBF ORI ELIRLBE Oy 235 °C, v 20 i Y

FEELIRFEBAIE R 65°C / 85°C / 125°C, FLF ik &y

80 mm/min T.Z 2 /Y PP/GF T 735 i 1

AR A, 25 B IR 2 ] LAGA R 4 842 N

) L T RPErd R A 8 H GF Mg A,

AR T T RIS, 32T T TR )

EVERE, 25 AR BT 5 1 6.0%,38F] T 5132 N,

[ o o T RS i B 2 T R L RS e R

FEET 15.49% , BEFCAR R PR T 33.33%.

8 % 3wk

[1] Kirill M, Alexander V, Alexander S, et al. Thermoplastic
pultrusion: A review[J]. Polymers,2021.doi:10.3390/
POLYM13020180.

[2] SRV RIS SRR 2 U A AT E R (7], (B
TF#,2020,39(9):210-211.

Wu Kun. Research progress of thermoplastic resin matrix
composites in the field of aviation[J]. Value Engineering,2020,
39(9):210-211.

[3] ZEAEHT . HELRET AL TR AT (1 T A AL S SE B 5T [D].
JUM AR TR, 2015
Li Huazhou. Manufacturing mechanism and experimental study on
continuous carbon fiber reinforced thermoplastic towpreg tape[D].
Guangzhou: South China University of Technology,2015.

[4] Steggall-Murphy C, Simacek P, Advani S G, et al. A
model for thermoplastic melt impregnation of fiber bundles
during consolidation of powder-impregnated continuous
fiber composites[J]. Composites Part A:applied science and
manufacturing,2010,41(1):93-100.

[5] Ren Feng, Zhang Cong, Yu Yang, et al. A modeling approach
to fiber fracture in melt impregnation[J]. Applied Composite
Materials,2017,24(1):193-207.

[6] Wiegand N, Méder E. Commingled yarn spinning for thermoplastic
/ glass fiber composites[J]. Fibers,2017.doi:10.3390/fib5030026.

[7] Tanaka K, Hirata A, Katayama T. Continuous fiber reinforced
thermoplastics molding by melted thermoplastic-resin transfer
molding process[J]. Journal of the Society of Materials Science,
Japan,2019,68(8):628—635.

[8] SRIEME, KT, B4, 45 IR SRR A Shili T. 2 2 80)
PS5t (). ZAbEEA, 2018,35(5):1 149-1 157
Song Qinghua, Liu Weiping, Xiao Jun, et al. Analysis and

optimization of automatic placement process parameters of


杨超


72

TSR

2021 4F 55 49 4,55 9 #i

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

thermoplastic composites[J]. Acta Materiae Compositae Sinica,
2018,35(5):1 1491 157.
Aghababaei T O, Van Hoa S, Shadmehri F, et al. Determination
of convective heat transfer coefficient for automated fiber
placement (AFP) for thermoplastic composites using hot gas
torch[J]. Advanced Manufacturing:Polymer & Composites Science,
2020, 6(2):86—100.
R BT RN, G LM SE U T 2 B0 CF/
PEEK S5 EHZ H BT UIERERTSENA (). AR E 5 TR,
2020(1):39-46.
Shan Hao, Chen Yu, Li Junjie, et al. Effect of infrared heating
winding forming process parameters on interlaminar shear
properties of CF / PEEK composites[J]. Composites Science and
Engineering,2020(1):39-46.

Khandan R, Noroozi S, Sewell P, et al. The development of

laminated composite plate theories:a review[J]. Journal of

Materials Science,2012,47(16):5901-5910.

Yassin K H M. Processing of thermoplastic matrix composites
through automated fiber placement and tape laying methods:A
review[J]. Journal of Thermoplastic Composite Materials, 2018,

31(12):1 676-1725.

(E#EFES9I™)

nano-SiO, on properties of rigid polyurethane foam with blowing
agent of HFC-365 mfs[J]. China Plastics,2014,28(9):30-35.
S, A0 KR I, 25 . 27 2 Ok SR 2 AT FE i [].
TARSRIN T, 2015,43(6):137-139.

Xia Min, Li Ping, Liu Juncong, et al. Research progress of

fiber reinforced polyurethane foam[J]. Engineering Plastics

Application, 2015,43(6):137-139.

B, B AL M0, A L B AR s R A BRI R B (1], 2R

S 1ol ,2020(1):33-35.

Wei Jianguo, Ma Duanren, Liu Jia, et al. Development of glass

fiber reinforced polyurethane foam[J]. Polyurethane Industry,

2020(1):33-35.

Jihwan Park, Insang Jung, Kibae Lee, et al. Case study in Korea

of manufacturing SRF for polyurethanes recycling in e-wastes[J].

Journal of Material Cycles and Waste Management,2018,

20(4):1950-1960.

AR AR, sRIGeAE A I IH SRR 1 [T e 5 ve il R YRS 1Y
TS (9], SESFIR AR AARREARR, 2020, 36(1):75-77,94.
Liang Shu, Gu Xiaohua, Zhang Xiaohua, et al. Study on recovery

RV . SRS E LT YRR 50 SR TR (A5 BT U T2
[D]. ¥ - FEARB T R2E,2012.

Huang Shengjiang. Study continuous glass fiber reinforced
polypropylene by two-step pultrusion[D]. Shanghai: East China
University of Science and Technology,2012.

VR, BRI ED, i 2 00, 55 | e 2T AR s O ML 52 5 bR
SRR BT [J]. TRRERLRIT, 2013 ,41(7):52-56.
Chen Tonghai, Jia Mingyin, Yang Yanfeng, et al. Study on
preparation of continuous fiber Reinforced thermoplastic
composites and melt impregnation mechanism[J]. Engineering
Plastics Application,2013,41(7):52-56.

JISL . BESEETYEIETRPIAVER S PR £ S HAERERBTSY [D].
b AARHTORE, 2012,

Fang li. Study on preparation and characters of continuous fiber
reinforced thermoplastic composites[D]. Shanghai:East China
University of Science and Technology,2012.

Alsinani N, Ghaedsharaf M, Lebel L L. Effect of cooling
temperature on deconsolidation and pulling forces in a
thermoplastic pultrusion process[J]. Composites Part B:

Engineering;2021.doi:10.1016/J.COMPOSITESB.2021.108889.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 ©

of waste polyurethane and high-end foam[J]. Journal of Qiqihar
University: Natural Science,2020,36(1):75-77,94.

Aleksandra Kemona, Malgorzata Piotrowska. Polyurethane
recycling and disposal:methods and prospects[J]. Polymers,2020.
doi: 10.3390/polym12081752.

e . B Iy 35 1l SR R AR EAT AT R 0], AR
ARE%4,2021,47(12):59-62.

None. The new recycling method can make the polyurethane
material sustainable[J]. China Rubber / Plastics Technology and
Equipment,2021,47(12):59-62.

Aleksandra Kemona, Malgorzata Piotrowska. Polyurethane
recycling and disposal:methods and prospects[J]. Polymers,2020,
12(8):245-252.

R, JUGE R A2, A5 . SRR IR IFA R A AR 7 [l AP )
PBFTE [7]. FFFFIRR R4 - FARRLER, 2017, 33(2):39-42.
Zhao Lianjing, Gu Xiaohua, Du Xing, et al. Study on degradation
and recycling of polyurethane waste material[J]. Journal of
Qiqihar University: Natural Science,2017,33(2):39-42.

Diego Simoén, Ana Maria Borreguero, Antonio Lucas. Novel
polyol initiator from polyurethane recycling residue[J]. Journal of

Material Cycles and Waste Management, 2014, 16(3):525-532.


杨超




