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Chapter 1. The development of electro fusion fittings using carbon fiber

Yoo-Sung Ha

Department of Materials Science and Engineering, Graduate School
Pukyong National University

Abstract

Polyethylene(PE) has become the leading polymeric material for gas and
water pipelines due to its many advantageous properties over metal such
as lower weight, higher chemical and corrosion resistance, ease of bonding
and low delivery, construction and.-maintenance costs. The electro fusion
technique for joining polyethylene pipe, which makes use of wires
embedded in the joint and melts the PE pipe by electric resistance heating,
is one of the common joining methods. This method is easy to use and
safe, also is available for poor. work environment. It doesn’t need
well-trained and certified welding operators. But copper; is used for electric
heat wire at electro fusion, takes a-long time during the fusion because of
low electric resistance, high incidence of defective and it is difficult to
joining large sized pipe.

So, this study is to reduce the fusion time and to improve for
production of large sized pipe joining, also to decrease of incidence of
defective by carbon fiber better than copper wire because of high electric

resistance.



To electro fusion welding, we made the joint that embedded carbon fiber
inside. Then, it was measured to temperature and time when currents are
transmitted to 0.8 A, 09 A, 1.0 A, 1.1 A and 1.2 A at each joint. Also,
temperature and time was measured until the internal pipe is expandable
through test for welding temperature of pipes according to currents.

As increasing to current intensity, internal PE around carbon fiber was
melted faster and reaches high temperature for short time. As results of
pipe’s welding test, the more increase to current intensity, the higher at
pipe’s internal temperature during welding process. The pipe’s inside
expanded for very short time of welding, so we stopped current supply
after expansion was performed. But temperature was increased
continuously. It was thought because it did not have enough time to
transfer heat, so lots of heat was supplied to the joint. Cases of 1.1 A and
1.2 A, particularly, external joint was expanded due to over heat as well as
internal joint. As results of tensile test to welded pipe, these are high
tensile strength than general PE pipe except welded pipe by 0.8 A.
Fracture zone of 1.0 A and 12 A was the pipe section, not the joint
section. That means joint section was stronger than pipe.section, so welded
pipe by 1.0 A and 1.2 A was good. welding;

In conclusion, we confirmed that carbon fiber can replace the copper
wire. When mechanical property and welding condition were considered,
the most appropriate amount of current was 1.0 A because welded time
was faster and tensile strength was higher, also it wasn’t transformation of

external joint.
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2.1. Polyethylene
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Table 1.1 Densities-properties Relation of Polyethylene
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2.2. Carbon fiber
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Fig. 1.1 Thermal properties of carbon fiber
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Table 2.2 Comparison of phisical properties between cupper and carbon fiber

Cupper Carbon fiber
density 8.92 g/em’ 1.5~1.8 g/cm®
specific gravity 8.96 1.5~2.1
coefficient of linear expansion | 16.5 * 10°%K | =0.7~ —1.2 » 107%/K
specific heat 0.38 J/gK 0.7 kd/kg
thermal conductivity 401 W/mK 85 W/mK
electronegativity 1.9 2.55
electrical conductivity 59.6 * 10° S/m 0.06 * 10° S/m
electric resistance 1.71 £ Q.cm 107 Q.cm
tensile strength ok 216~245 MPa 2k 5,600 MPa
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Heating with heater
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After heating

(@) Butt fusion (b) Socket fusion (c) Saddle fusion

Fig. 1.4 Types of heat fusion
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(a) Socket fusion (b) Saddle fusion

Fig. 1.5 Types of electro-fusion
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Lack of penetration

Fig. 1.6 Locations of electro-fusion joint flaw®
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Fig. 1.8 Inner part of socket
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Table 1.4 Current and voltage values according to resistance value

of each socket

Current (A) 0.8 0.9 1.0 1.1 1.2
Resistance(Q) 98.3 93.9 95.4 99.3 92.4
Voltage (V) 78.6 84 .5 95.4 109.2 110.9
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Fig. 1.10 Figure of specimen setting to measure temperature change

according to time
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Fig. 1.12 Graphs of internal temperature and time of socket

according to cutrent
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Table 1.5 Test results of internal temperature change

according to time and current

Time . Temperature
Current , Position .
(min) ()
Qutside 81.7
Melting start 8
Inside 1091
0.8A
Qutside 96.1
Melting finish 16
Inside 138.7
QOutside 71.6
Melting start 5
Inside 105.6
0.9A
Qutside 82.7
Meltingfinish 8
Inside 130.5
Outside R3S
Melting start 3:48
Inside 103.6
1.0A
Qutside 82.6
Melting finish 5
Inside 1171
Outside 58.1
Melting start 2:22
Inside 103.5
1.1A
Qutside 76.9
Melting finish 4
Inside 117.9
Outside 59.2
Melting start 2:10
Inside 103.1
1.2A
Outside 69.3
Melting finish 3
Inside 135.8
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Fig. 1.13 Graphs of internal temperature and time of pipe

according to current for electro fusion
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Table 1.6 Test results of internal temperature change

according to time and current

Time . Temp.
Current State , Position .
(min) (C)
Transformation at inside 6 Outside 01.5
r i insi
08 A ans Inside 84.4
’ , o Outside 90
Expansion of inside 12:31 :
Inside 112.5
, o QOutside 76.6
Transformation at inside 5 :
0.9 A Inside 86.5
) , o Outside 90.2
Expansion of inside 9:31 :
Inside 109.7
T f i e A Qutside 76.2
on ransformation.at inside IS T 89 6
) . b Outside 87.3
Expansion of -inside 7:21 .
Inside 113.5
_ ¥ Outside 71.8
Transformation at inside 3 ;
11A Inside 89.5
’ , B Outside 87.2
Expansion of inside 5:39 ,
Inside 116.0
. B, Outside 71.8
Transformation- at inside 3 ,
Inside 87.0
1.2 A Outsid 89.4
utside .
E i f insid 5:19
xpansion of inside oo 1108

Table 1.7 Max internal temperature and time of pipe according to current

Current (A) 0.8 0.9 1.0 1.1 1.2
Maximum
5 - 112.2 120.2 122.4 122.2
temperature (C)
Time (sec) - 679 578 510 525
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(a) Expansion of inner PE pipe

VL

B
4

P

(b) Expansion of outer socket

Fig. 1.14 Swelled pipe by electro fusion

_28_



T

g

°

1%

o
—

9

oI

4.3. §%8 Lol

= T R T M or E ]
M ﬂvm < N < W il M
90 0 — S B

o 5 B S T
0 T TR T . KT
SRR o UK
2 U Lo 3R V.S
o R Mﬁ 3
Y o m_m o qp < ay MAF mm
T N WT % o o
i 5 W KON L H o ™
) A ) ™
TR A T
Bowo, OB Kom oy ol
T OB A o= EY BT
R oloBE w2 = -

— 0 N — iy 0
ﬂ = o} 5 ‘Ol ‘\l
ARG R OO A Vi
T % o M o\ B

o ; o o
mom X o T g w o
ﬂm%mpﬂﬁﬂ% ey,
— & X T s o e’
B TR AN S o
mm P ﬂi Rod o < wW
— ) N
N oo N 5 o TOE N o oo

w-_” M B m,w ) ol ;S
o RS W9 o R
do H W R B K oo @ e < T_m
T F o N 0 B P o

O_Eﬂwmﬂ%ﬂ,@ﬂﬁl.%
N I R R
Hd4om oo o B ¥ RONOT R W
H 7O W " P T =)

3L

[¢}

FH = <

o] Y% |l
o

fe=]
=

J

3 mie} 2o,

=ths 22 tegm, g0 @ Htty @
e 94 Az
— 29 —

4

Ay
=

J

&

4 % 7] & 1.0 AY

=

3}

S op7l

T80l 299 ANAA BB
!

gGEY Ty 1.2 A A

1=
T



0.9 -

Load (tH

Fig. 1.15 Tensile load and stroke curves as a function of current
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Table 1.8 Tensile strengths and fracture parts according to current

after tensile test

, Maximum load Maximum stress
Specimen 5 Fracture zone
(kgf) (kgf/mm?)

PE 510.0 1.45 Pipe
0.8 A 385.2 1.10 Socket—pipe
0.9 A 607.2 1.73 Socket—pipe

1.0 A 760.0 2.16 Pipe
1.1 A 598.8 =6 Socket—pipe

1.2 A 758.8 2.16 Pipe

W g

Fig. 1.16 Tensile fractured specimens after electro fusion
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(b)
Fig. 1.17 (a)Logitudinal section, (b)transverse section of pipe

with electro fusion
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Chapter 2. Study on thermal properties of epoxy/TiO. nhano composites

Abstract

What makes change to curing mechanism was experimented when nano
TiO, was dispersed into epoxy(Bisphenol A, YD-128) with different curing
agents.

There are two different models in nano composites.

One is attractive model, which has chemical attraction between nano
particles and matrix. This model decreases the mobility of composites
because distance between each polymer become- shorter. Properties of
attractive model are high-modulus and tensile strengths, high Tg due to
high cross-linked density.

The other model is repulsive model, which hasn’t chemical attraction
between nano particles and matrix. So its distance between each polymer is
long, their mobility increases. That’s why Tg was reduced and also tensile
strengths, modulus were decreased.

Nano TiO(P90, AEROXIDE) was dispersed into epoxy, and -was mixed
with Jeffamine(D-180), at room temperature for its curing condition. The
exothermic temperature and Tg was reduced, and. as increasing amounts of
TiO2. Also, properties of tensile strengths and strains were increased as
increasing amounts of TiO, until 3 wt.%. Because it was dispersion
strengthening effect caused nano particles. However, there properties were
decreased at 5 wt.% of TiO,, because TiO, was agglomerated in epoxy.

Same amounts of TiO, was dispersed into epoxy, and was mixed with



NMA and BDMA, hardener, at high temperature for its curing condition.
The exothermic temperature and Tg rises as increasing amounts of TiO..
Also, tensile strengths and strains were decreased as increasing amounts of
TiO,. But their values are higher than pure epoxy except 5wt.% of TiO; .

The results of curing epoxy using two different curing agents, epoxy/TiO,
nanocomposites using Jeffamine were estimated repulsive model. On the
other hand, epoxy/TiO, nanocomposites using NMA were considered for
attractive model. The chemical interaction of nanocomposites will be

researched continuously more detail.
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Table 2.1 Typical epoxy resins™

(a) Bisphenol™

R=H (bisphenol F)
CHs(bisphenol A)

(0] R R
/ \ | I
H,C— CH— CH,— O* c@o— CH,—CH —CH, O@— IC@ O— CH,—CH— CH,
R o n R N

(b) NovolacH¥

CH,—CH—CH, CH,—CH—CH, CH,—CH—CH,

o o o
R R R
[ j CH, —CH, R=H (phenol novolac)

CHs(cresom novolac))

CH,— CH—
N/ N L, CI'{ H,C
o N CH, N 4
/ N (0]
H,C— CH—CH

2 CH,—CH —=H,C
\ / .
o o

(N,N,N',N'—tetraslycidl+4,4—diaminodiphenylmetane :TGDDM)

H,C—CH—CH,

AN
N /NQ‘O—CHZ— CH=—H,C
H,C— CH—CH, \O/
\ o/ (N,N,Otriglycidyl —p —aminopherol)

(38,4 —epoxy cyclohecyl methyl — 3,4 — epoxy xyxlohexane carboxylate)

CH—CH,
\ 7
o@/ o)

(4 —vinyl—1—cyclohexenediepoxide)
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2.3. TiOy L=t

HEFES AzZtoA oHAZ B YhZ A

Atk TO," e WA/ Ee] 253 AR AHRE B
25)0] ghor, AHg &= R o -
715 025~035 mA =2 2] AREHAT. TiOx= 3L A=2] &4 -
AAN 74 43T EAdoln], B4 BAZ H7H3HAA LY Fadl

e A7 Aok = Aol FRstal AFHE "WolME FAH] 9o
il

o} "o wek 371A] Aol EA]sh=H anatase, rutile, brookite©]™
ALARA FZE 7FAE brookited2 a19to] E43 AW AAEEE AA
Aol dwrzo g EA sl AL anatased T rutiledolth. = U FEFv) 7F
°] 1o} anatase’do] © EIEEC] 5Tt &E A AT

Anatase$} rutile®] TZE EEO](Ti') F9ol] 6718 214000 =
Y81 A= TiOs FWHA S AN FLsHAIRE A= & 725 7HAL
T} Rutile® > AFAo]2 WA 7L BIFHZH o) A &AL & & APLAA o
A%, anatase®-> ZHA 7L W AstA HEH APRRA Bt diAdo] A
Holzl Fxo|ty. T HE-HEIFY Ag= anatase’} rutileEth #Hom,
rutile FEAXNE A2ZE7 BAZAFF)71E 2= Je= ¥ anatase
T2 ARSI EAHEHAS)eE AZFE FEolth ol#d FRoA
rutile®] anatasedl] Hl3td AZFx7t FFEO] o] AE, ¥lF o] £ F
gt4 EAdo] zolrt v W] A Jrr) ZolrtyA Fo2 B uf Ao
o] 7} A gkt
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2.4. Nanocomposites2] Model

NanoZ7]¢] A= polymer WollA 7tu FEE FAFAY 24 st 1

A7, NAH AZol FFS v Y A} polymer EW ] 334
Zhge wet 1 gddo] A=, ths 27HA] EdE U § Uth
@ Attractive interaction®”

78 nano particle?} polymer Abe]7} attractive® 739, Fig. 21 (a)¢} &
< FZE 7HZY gHbAEQ attractive interactiond] 542 Y A+9} polymer<]
AEo]l FolA WA cross-linked density’} “Fs3dte= Aol & 4 Utk
A2k} polymere] A7} A FOFAEA Fig. 229 #o] 1 olFAo] #Ai
Pele, 7ta W= Fopdd wel fElde] X (Tg)7t S7kste @4l v
it =& A3tz HolW AAME, modulus 59 71AA A E=3 =7}
gt

1)

@ Repulsive interaction

N

Nano particle®} polymer A}9]7} repulsive® Z-$-¢l= Fig. 21 (b)9} 22
HEg-o] dojdth. o\ A, YAt polymer AkO]Sl cross-linkE Walet= 4T
S &9 sbu W} Goluk 3 Fig. 2291433 AAEAF polymere]
A7t HolAWA o] FAolSIeke AEE Y oo e} frEjHo] &%
7} Gl A#rt e
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Entangled
Chains

)

)

(b) Repulsive interaction®

(a) Attractive interaction®

Fig. 2.1 Schematics of nanocomposites models

Mobility
density
ardering

Fig. 2.2 Schematic of the molecular mobility as a function

of distance from the particle surface®”
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-2 ICTAC(international confederation for thermal analysis and

calorimetry)ol] ¢]st™ UZ4 slolX EE ARERE -3 A2 H

A 5ol =84 3tetd WHItE A e 259 FqEN SHse WHe 2

gt X0 mE A 59 Wles €9 F5o WES T HAs=

o] W35 SA3st= AL calorimetergl b o] @< A 7 (adiabatic system)el]
A BEY HH ] o3 ANE AAPGHAY XA oz vk

of oJ& FH E2 calorimeter’} ¥ E3 23 WEH E-2 calorimeter”}

d
=

o)
e

do] &2 enthalpy(AH, cal/mol, kcal/mol)9} 2t} =,
2L O3 o] i A dAEE YA Wstek o] gl

ne
flo
e
i)
.
kY
b

Hy(g) + 1/20,(g) — HO(¢) AHf = -68.32 keal/mol
2) =] ejist
NaOH(solid) — NaOH(solution)
3) Az
CHy + 20, — CO; + 2H,O AH = -211 kecal/mol
4) T3E : A A7) RES
H+ + OH- — H,O AH.= -<13.8 kcal/mol
5) Specific Heat (cal/g/ )

!

i
L

rlr

Ee P2 -

E]ol'

T ® A x specific heat x AT (Dulong and
Perit law)

: specific heat® theF2 AAZF 54 7hs
xS & EAAE TGA, DTA, DSC, TMA, DMA 5o] Slou of#d

A ol Aol AMEH DSColl tisl A 7]&3taiAl gt
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2.5.2 DSC(Differential Scanning Calorimetry)
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3. iz X &EyE
1. WE

2 Aol ALE3E ol FA] A= FA7F Fig. 2.3% 22 Diglycidyl ether
of Bisphenol-A(DGEBA) [YD-128, = =3}3H(F)]|E AM&3stRa, HsiAl=
Jeffamine[D-230, =+ %=3}8(5%)]¢} Nadic Methyl Anhydride(NMA) [KBH-1085,
T =3 3H(F)]E A& Y. H3 FXAEZE Benzyl Dimethyl Amine
(BDMA) [KBH-1086, == 3}3H(F)]E AH&-3 At
BeHA ok F=XA 7y 27} Fig. 249} Fig. 2.5 YEUA T
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Resin

BPA(bisphenol-A) + ECH(Epichlorohydrine)

CH3
|
0 @c QOH + 2 CH, —CH —CH,C|
| \ /
CH3 o}

NaOH

> DGEBA (Diglycidyl ether of Bispnol - A)

CH,~ CHCHO@ M&HCH o@ C \ /

n

——— O—CH,CH——CH,

/
@)

Fig. 2.3 Chemical formula of epoxy resin
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HoN NH>

CH; CHs

Jeffamine D-230(X=~2.5, Mw=230)

®
27 S ||
H—C CH—— G ~_
| cH, /O
cH, — c4 MV VOINA/C
N\ I
®

NMA (Nadic Methyl Anhydride)

Fig. 2.4 Chemical formulas of curing agents

CH,

C — €H,——N

7 Y
\CH3

BDMA (Benzyl Dimethyl Amine)

Fig. 2.5 Chemical formula of catalyst
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Table 2.2 Components of TiO,/Epoxy resin nanocomposites

Curing agent(g)

TiO» YD—128 | Hardener | TiO2 BYK
wt.% | NMA | Jeffamine| (@) BDMA(g) | (9) (9)
40 50 0.5
0
21.85 68.25
40 50 "8 0.91
1 A5 68.25 0.90
40 50 0.5 0.91 1.81
1 21.85 68.25 0.90 1.80
40 50 0.5 2772 5.43
’ 21.85 68.25 . YV 5.41
40 50 0.5 4.53 9.05
° 21.85 68.25 4.51 9.01
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Fig. 2.6 Schematic of measuring equipment to temperature

of exothermic reaction
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3.4. AFAE

gel sl W, 97 54l wet

27y g2 43 A Y nano TiO, H7ME
AYE Pt

240l o FFS VA=A Lotr 7] fa I

A& 7][MICRO 350, LOAD CELL 500kg, TESTOMETRIC]S A}-&

I~ o] A}
3}R 3, cross head speed= 1 mm/minS 2 3} T}
o] wj A FH P4 Fig. 2.7 o] ZE(dog-bone)FE) = A 23t}

Fig. 2.7 Shape of dog-bone; TiO»/Epoxy nanocomposites
cured Jeffamine(Left) and NMA (Right)
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Fig. 2.8 Graphs to exothermic temperature for curing process
using Jeffamine agent
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Table 2.3 Max temperature and time according to component of specimen

Specimen Max Temperature(C) Time(min)
Epoxy 130 66
TiO2 1 wt.% 130 43
TiO2 1 wt.% BYK 129 =30
TiO2 3 wt.% BYK 109 51 =83
TiO2 5 wt.% BYK 121 47~48
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4.1.2 NMAZ 7 3}3 TiOy/Epoxy nanocomposites
A3HAl NMA¢} 7343t%5314 BDMAE AH&stAs wlo] 43t #5E Fig 29
o ueht. Z=el o], AIAE NMAE AREsS ddl=
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A2 S7 ek
Table 2.4°] Z} XA Hof od &9 1 w9 AHE FXHo=E
7158k A

—— Epoxy
-------- TiO, 1wt%

e TIO, Twt% BYK
| . TiO, 3wt% BYK
== TIO, 5wt% BYK

200

Temperature(T)

Time{min)

Fig. 2.9 Graphs to exothermic temperature for curing process using NMA agent
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Table 2.4 Max temperature and time according to component of specimen

Specimen Max Temperature(C) Time(min)
Epoxy 151 42~44
TiO2 1 wt.% 151 40~41
TiO2 1 wt.% BYK 159 40
TiO2 3 wt.% BYK 165 39~40
TiO2 5 wt.% BYK 168 -~ ¥4
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120
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130
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40 F
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Epoxy Tio2 1wt TiO2 Twits BYK TiO2 3wt BYK TiD2 Bwi% BYK

Fig. 2.10 Max temperatures of specimen each cured with NMA and

Jeffamine as a function of TiO; wt.%

_63_
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Fig. 212 Tg values of cured NMA and Jeffamine
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4.3. J1AE®H E8
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Fig. 2.13 Tensile strengths of nano particle epoxy resin composites
using Jeffamine as curing agent
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Fig. 2.14 Tensile strengths of nano particle epoxy resin composites
using NMA as curing agent
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Fig. 215 Tensile elongation of nano particle epoxy resin composites

using Jeffamine as curing agent
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