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Abstract

A feasibility study on the pultrusion of a
glass fiber reinforced urea-formaldehyde
(UF) has been conducted using proprietary
method. The urea-formaldehyde prepolymer
synthesized was prepared from blends of
urea-formaldehyde monomer and curing
agent (NH,C/). The effects of the
processing parameters (die temperature,
pulling rate, postcure temperature and time,
filler type and content) on the mechanical
properties of pultruded UF composites has
been studied. The optimum die temperature
was determined from DSC diagram and
mechanical properties tests. It was found
that the mechanical properties increased
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with increasing die temperature, and with
decreasing pulling rate. The optimum die
temperature and pulling rate were determined
180~220°Cand 20~80 cm/min, respectively.
The mechanical properties increase at a
suitable postcure temperature and time. The
optimum postcure temperature and time were
120°Cand 1h. The mechanical properties
reached a maximum value at 10 phr kaolin,
and then decreased.

Keywords: pultrusion, urea-formaldehyde;
glass  fiber;  processing  parameters,
mechanical properties, composite.

—~MhRas

A S HF B # AL R 2k (Pultrusion) % —
AHH LK w T RA - BRI AR
MRS N EKXL > T
BMBIARB2ZHME » BRI - LI
M LiEFA 1940 FREPEHFHR > 0k
BB FHARPER > b HBERHE
BRAEMERYE 20% R KkE ALK E
A A BEEH - EARTMAS 1L
RIRTMHE  EHARMSH - EH IR -
BHFMEREESF G -

BB A A kT 48 B A A 4 Ao 8BS BT
A FTL o {2 B AT M Ao Tk AT 4E A
M A% KT ABBEICRF
RE - BB ILE RS - e BRist
BEEAEAMBEAE  ARARRRY
BE MHEGERBIMAR  EAREAR
BT k2B @A ROHHE
Pran

AKX % E A KK T & (Urea
formaldehyde)#ifs & X 44 > 4 B ik & F &
WEIBEMAER R AR RAA K&
WMREEE - TAME - W8MEH - RS

|,



B okt B AR SRS AR
TR Ao ALK B o iR B
Mo RBHERER  BNELE  RA
it BB A A T o TR
BHE BREZHSTFASHH - B
s o AFER B 60 ST A AR A
FRERAL S EH > ARESBEA
PAZREFHRARSY L ERBRE
ZAH FREHR A LR BRARA R
HmIfHHEHALLLPERTZ
Y-

EZHERXANN
1. 5B Z 4 RHAR

ARETEMEERZHBEQSCIRE
80~200 mPa.s » B pbR 3§ &k A £ L HE AR
HiwL b FRALERERESRCEE)A
FH F B4 ¥ (Prepolymer) » KAFF 2] ¥
WAOPBARN T HEE - Bib ATH
FBEHLZRBERE > RMARTE
BRARAY F—HEmELENRARLE
ARBBPALFE  REFILFHR
Bo - 6 LEER  AREARKER
4+ 7%(Bulk polymerization) 3 4- 5, °

REFTEBERRSY  HhRAET
8% 24 B B A Ao A 46 A #4L B (NHLCD &
) LY MY 2t g SV ST
fs B4 2 0.1~0.175 phr » % 0.15 phr &
81k - IR 694 Fd 0.1~0.175 phr» £
pH 1 % 6~4.8 - % fu 0.175 phr 8§ » RR
SERMEHHE  RRETHAS 42
BRERE AAFRBBENRR(BE
FrEZRBACSE) @A 0.1 phrs
BRARRCHBEREHEZES 2/ EH
BEf 4 3.5~4 B RAFSBBRME -
M1 AMEEAFTFREMERRSYHE 2
AR BRLBBEZAERER - £EoAHBE
P HRASBEL 60C~75Cx R » 4%
BE#4EFF 160~200 cps £4 * BPTHR
BB RBRBNKE P SRS 30 25830
aEik o REASHMZEBEMRIYG 15~20
T $ERA4 % 950~1350 cps; KRB
BRASPREENERT —KERE

REAMBEELAZE 20:30CHH T RE
F: R A 800~1200 cps £4& - B ¥ T
b0 THRBRLBEATSCH  ARAEALH
BRah 1 BALE ERARBEREZ
REAGRER  ABELRHiZH  mER
RABREA OCH » #ABEREHIE
# o ERRSHEAHE 3.5~4 )8 BF
REBEBE  FIARRESRBE R 65~70
CREE > MR TOCHA4E -

2. T ¥
(WRARE

ARBARNBEY > HTHEABER
AREPEFUNBELARY  LBEHRS
REBE BLEBFHABERARE)
B REEZHHNEE nREHBRPM
BHBETURS) EHFH/OSC)RKE - R
25 FFBUPDRRSHUDSC # 10
C/min FHEXETZIH dRTUREHEA
BE 165CLELER  REMMLABER
B)HRBE A - Wi 187.78°C R {4 3%
B & 0 B oL A db 4% 81K 4 (Baseline)
A aREFPARRKER  HRERS
670.7J/g- B 3 ALAKTFERARSHAA
DSC # & ##(10°C/min)A K & 2R $
REBEEZMB - BV EREA 190
T Lok > BEse L E 4 ek 8] 70%0
Lo dosb#iAs A SERIL AN c BB AE
BEE AR 190C -

M4 ALARE I RABE FTHE
BRAARSHB LA BREOVE - KW
PAREHEMRABEAS  MERETR
#BRAMIHEABERSS  HoHH
BeRrd B ARRTZIHABE X
180-220CEAHZABE -

Qu#R R

WSl 6 HALETFIRRT > AR
% UF BEEZ R4 BRI REE
LHEH - E—H T4 FHHARELR
B BEFEARAAREEX  BLR
BEAEL S MERRWRFRAMEFEL



BAGIFRMRE  BEHERREARTE
ERAREBDGE R THHETHERS
NTRE SRR AMHRMEZ BB
AR ikl sREAERSG
Rl faiiomloBiERRAR
Bt » 3k kb & @35 M AL AR M R E AR
Az & @ o BB SRR A odd &
B > S A mmd B - REFo
RZmIXsk RATIHHKRESD
20~80 cm/min -

()AL R B o i

AEFRBUNMEZRERN T &
RREFRMBY RV HZBRERTR
HMBEAE  AARERLEREITL RS
KE BhATRSAARERAS S
o TAEEEENOBRBRAYHET
MERILRIE > FREBAE TRMEZ A
BEPY LA RAENNT -

M 7 % GF/UF £ R Fl# bR K &1k
BRACHE BRI EEOVE - B RBTE
BRACERE A 1200 > R AMFZHRN
BERRREETRE - —KWET ¥
HRALREARE T RITRRICRER &
SRR M b - AKX R T £ 21L
BFR] 0.5~15 IR A L THGBREW K
RoFU1D20CHERILBER > RSO
ARGHHMBGE EARFYRELA
100CA® % > £T£ | AL SRR K
AR AERAZBEHS FHBEASR
RARPFHRE  *ELREHGLERT
B EHEERAREREME LR S
L ARG KHAETE - SRR
BEREHE 140CeF - RBLKE 0.5 /8%
HAEREMR 124 05 I EHEARLE L
ICREHE - Bt $HBLBEBRLTH
120°C ~ %4 ALBE M B 1 0% > TR
ZRIBE RS

OF 3% |
ERERYVBR T AR AR EE

BHARSBEEESBOAR REA
SRR ERERD S PREERE -

B 8 AXRMBALA S EHIIE
KMt o o B T LUE 5 Aol 70 B 5T 3%
mEBE AP EHH EKaolin)2EAH 10
phr 8% TR B REHHKT A ALRLE
#2838 10 phr 8% » M HF FTRHHEE - ®F
% $r(Talc) ~ THEMica) L2 F 44 5 phr
B THEREHMT 12 5phrik - A4
KRT M- % 5 845(CaC0O,) £ 4 F 943
phr 8% » Ti§ 2| JK LYK > 12 3 phr 44 »
HMEEBRTRE-

W AREHR

LA ERABERZIIERBFRABAR
RERGER > BAEERRAHBBE-
2EAARBRRZFEL BARAR LY
Fl JAPS %%k —E F+ B B¢ ICCE/7 #it &

% %& — & (July 2-8, 2000) -
3ARERANBRAARM EARESTA

MoTPHEF TRRELEREAR

RRA B BAAES M o4 -

AR ERLEHEMEREIMREZME

SFHARH > RRBEANBWE KE
A URAEKEARTFIRES -
5. EVRA LR EZ B R A AR
R L ERZALTER -

430K

1.Y. R. Chachad etc, Composites Part A,
27A, 201 (1996).

2.C. C. M. Ma and C. H. Chen, J Appl.
Polym. Sci., 44, 819 (1992).

3.W. S. Wang, master’s thesis, Chinese
Culture University, ROC (1996).

4B. G. Cho and S. P. Mccarthy, Polym.
Comp., 17, 673 (1996).

5.H. Ishida and G. Rotter, 43 Annu. Conf,
RP/C, SPI, 6-A (1988).

6.C. H. Chen and W. S. Wang, Polym.
Comp., 19, 423 (1998).

7.R. 1. Werner and Z. F. Kusibab, 38th Annu.
Conf,, RP/C, SPI, 6-G (1983).

8.H. D. Wu etc., J. Appl. Polym. Sci., 62, 227
(1996).

9.Y. A. Jajima and D. G. Crozier, Polym.
Eng. Sci, 28, 491 (1988).



iscosity (mPa.s)

A%

Conversion ( %2%)

Flexural strength ( MPa )

1250 p
75¢C 70T 65T 60T
1000 |-
750
500 |
250 |-
o . N . N —
[¢] 1 2 3 4 5 6
Time (hour)

Figure 1. Viscosity of synthesized UF precpolymer vs.
various temperaturcs .
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Figure 2. DSC thermograms of UF prepolymer by dynamic
scanning at 10 C /min .
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Figure 3. Conversion vs. temperature of UF prepolymer
from dynamic DSC study.
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Figure 4. Flexural strength of pultruded glass fiber reinforced
UF composites vs. dic temperature at various fiber
contents with same pulling rate ( 20 an/min ).
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Figure 5. Fiexural strength of pultruded glass fiber reinforced
UF composites vs. pulling rate at various fiber contents
with the same dic temperawre (220 T).

~ 400 |
] —e—704 voP&
& —e—673 voBe
- 350} - ~esm602 vOPe
g \
3 300
E ~. \
E 250 |- \'A
i 200 |

150 |-

20 40 60 80
Pulling rate ( am/min )

Figure 6. Flexural modulus of pulouded glass fiber reinforced UF
composites vs. pulling rate at various fiber content and
the samc dic temperature (220 T ).

100
—e—100T
e —120T
e 1 4 OT

L T

Flexural strength ( MPa )
]

M . "

] 1 2 3 4
Postcure time ( hour )

Figure 7. Flexural strength of pultruded glass fiber reinforced
UF composites vs. postcure time at various postcure
temperatures.

——Tak
140 - —a—Mica

——g=—=Calcium carbonawe
120 b

Flexural strength ( MPa )

//./
/\\\
I

[\ 3 6 9 12 15 18
Filler content ( phr )

Figure 8. Flexural strength of pultruded glass fiber reinforced
UF composites ( 210 T ,40 cm/min,70.4 vol% ) vs.
filler content at various filler types.



