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Abstract

This project aimed to study the feasibility of making a thcrmoset sandwich injcction
moulding from a novel thermoset co-injection moulding system. Two thermosct
polyesters, BMC and a powder coating, were used for all experiments. Flow and cure

of those materials in a newly designed manifold system were studied and some

thermoset sandwich injection mouldings have been produced. Despite producing
novel co-injection mouldings using two thermoset materials together, the results
showed that the existing system was not applicable for large-scale production of

sandwich parts and needed some improvements.

The experiments on the moulding materials and single injection of cach material

gave temperature windows and settings for the co-injection moulding. The results
from all experiments indicated that temperature and the time of applying heat to a
thermoset material were very important to its flow ability and formation. Espccially
when producing a sandwich moulding, adequate heat and time was necessary for the
skin material to form a sufficient layer to cover the core material. Investigation of the
sandwich moulding cross-sections showed that applying more core injection delay
time could help to increase the skin thickness. Surface assessment indicated that the
surface quality was also improved when the skin layer was thicker. However, corc
break-through at the position opposite to the mould gate was found in all sandwich
mouldings showing that the type of mould gate was also important. A central sprue
gated mould used in these experiments was found to be not suitable for producing a

sandwich component using this machine configuration.

A new manifold design was proposed and was compared to the cxisting manifold
designed by using a simulation software package from Moldflow®, Thermoset single
injection moulding simulation was used to help to understand the flow and curc of a
thermoset material in both manifold designs. It was shown that the new manifold

system design was an improvement on the existing one.
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PAG
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Chapter 1

Introduction

Injection moulding of plastics is a successful process in the plastic industry as it has
faster production rates compared to other types of plastic manufacturing. A wide

range of matenals including thermoplastics and thermosets can be injected through a
nozzle and transformed into many useful finished components within a few minutes.

With new techniques and technologies nowadays, it allows the usage of plastics in
many applications, which expands the market from domestic general purposes, for
example, a toaster and a kettle to heavy duty usage, such as high voltage clectrical
boxes and covers. More importantly, some metal parts in the automotive industry arc
being replaced with plastic components, such as engine covers and vchicle panels in
order to produce a better fuel consumption vehicle. Some of these applications
require additives to improve the components’ properties and prevent them from
environmental degradation. For example, foaming agent may be uscd for reducing
shrinkage of a thick but lightweight part and for the purposc of strength
improvement, glass fibres are added. However, adding thosc additives to the
materials can be disadvantageous. The rough surface of parts filled with glass fibres
or foaming agent is unsatisfactory in somc cascs when appearance is important.
Conscquently, an additional process is needed in order to finish the parts and thus

increase the production time and cost.



One of the plastic moulding technologies called the co-injection or the 2K-injection
moulding i1s an optional solution[1-3]. The process combines the main and the

secondary operations; plastic injection moulding and surface finish treatment

together. It produces a thermoplastic component from two materials but presents

only one plastic outside while the other is encapsulated. Because of this unique

characteristic, the product can be made with its unwanted surface covered
completely at the same time. As a result, sometimes the process 1s referred to as a

sandwich injection moulding. This technology is also useful for plastic recycling.
The used material is injected as the inner layer called ‘core layer’ covered by virgin

material outside called ‘skin layer’ (see Figure 1.1). Sometimes, to reduce production
cost, cheaper material can also be a ‘core’ and is coated by a more expensive ‘skin’.
Another example of its useful application is in-mould painting components when an

unpainted plastic part can be coated by a colour material during the machine process.

Skin

Core

Figure 1.1 Cross section of a sandwich moulding shows skin and core layers.

The sandwich injection moulding technology is very successful today but is limited
to thermoplastics. The process of sandwich injection moulding should also be

possible for thermosets, even though it is more difficult since controlling temperature



and cross-linking is a problem. The use of recycled matcrials as the sandwich’s corc
is very interesting in term of thermoset recycling. Apart from the cxisting recycling
mcthods, such as (i) mixing some regrind material with the virgin polymer[4-6] and
(11) reusing the glass fibre[7), the sandwich technique could offer a further alternative

of incorporating the regrind in the core so as not to affect the skin propertics.

Another uscful application of the sandwich technology is to coat a glass-filled

thermoset with a paint material. Thermoset materials arc notoriously difficult to
paint. Post mould, the monomer often *“pops” from the surface and ruins the

acsthetics, thus a masking coat is often used. Even so, “popping™ can occur in the
paint oven. Sandwich moulding skin could be used to mask and protect the surface
from this effect whilst providing the paint. As with thc thermoplastic case, a
colourcd component can be made in one cycle without the nced for a paint linc.

However, until this work, no co-injection moulding of thermoscts has been reported.

At the International Automotive Rescarch Centre in Warwick Manufactuning Group,
University of Warwick, a new manifold system was specially designed and installed

on a Battenfeld two-barrel thermoset injection moulding machine to function as a
novel thermosct sandwich injection moulding system. Since there were no cxact
design rules for a thermosct co-injection system, it was built on a gencral design and

it was likely that the system needed some improvements.

The aim of this project was to study the feasibility of making a thermosct sandwich
injection moulding from the newly designed manifold system and machine with

regard to how thermoscts flow and cure in the system. Two thermoset polyesters, a




bulk moulding compound (BMC) from British Industrial Polymer and a black
conductive powder coating (Interpon) from Akzo Nobel were used in all

experiments, respectively as the moulding core and skin. This study will focus on the

following.

e To produce novel thermoset co-injection mouldings.

To achieve this first aim, the following objectives are necessary.

e To study the filling and curing of thermoset polymers when co-injected from

the injection units through the new manifold into the mould.

e To study the effect of temperature during co-injection of BMC and Interpon
on the mould filling and curing of the materials in the manifold system.

e To determine the effect of time of injection to the formation of skin and core

layers 1in sandwich moulding component.

e Design a new manifold system to improve the existing system

The thesis is divided into 9 chapters. Chapter 2 contains a literature review on co-
injection or sandwich injection moulding technology since it was invented. All

different techniques to produce a sandwich component are explained with diagrams
showing how each system works. Previous research including cxperiment and

simulation are also discussed at the end of this chapter.

Chapter 3 contains information on thermoset material properties. This includes the
characteristics of how thesec materials cure and flow. Moulding techniques for

thermosets and their applications are provided.



Chapter 4 describes the thermoset co-injection moulding machine, including a
process description and the general machine design from the feeding units, injection

units and manifold system to the mould. The current work related to the thermosct

co-injection moulding is explained at the end of this chapter

Chapter 5 details the experiments on two thermoset materials, BMC and Interpon,
which were used as core and skin for the sandwich moulding experiments. This

chapter focuses on how these materials react to the change of temperature and shear

rate in terms of curing and flowing.

Experiments on the thermoset co-injection moulding are provided in Chapter 6.
These include single injection moulding of each material and sandwich injection
moulding. Results of all experiments are shown and the problems, which occurred

during the experiment, are discussed.

Chapter 7 explains the mechanical design of the existing manifold system. Some
problems that occurred during injection moulding are pointed out and described.

Later in this chapter, a new manifold design is proposed.

The existing manifold system and the new one are compared using Moldflow Plastic
Insight® 4.1, a simulation programme in Chapter 8. Flowing of a thermoset material

through each design at the same machine condition setting is studied and discussed.

Chapter 9 draws the conclusions on the work and makes suggestions for further

work.




Chapter 2

Co-injection moulding

2.1 Introduction

Co-injection moulding, which is also sometimes called 2K-injection or sandwich

injection moulding is a process for producing sandwich structure plastics. The
machine is used to inject two or more different but compatible thermoplastic

materials into a mould. As illustrated in Figure 2.1, once the first polymer melt flows
into the mould and touches the walls, it will form a film or a thin frozen layer with
some viscous liquid material flowing faster near the centre and slower near to the
film. This is a characteristic of polymer flow in an injection mould, called ‘Fountain
Flow’. Followed by the second material, which penetrates to the first material and

forces it to flow further into the mould, a skin-core layered moulding is produced.

. Skin molten layer

Mould wall Skin frozen layer
-‘ N « 2\
s S I .
Skin B ) \
polymer |

Fountain-flow region

Figure 2.1 Sandwich moulding and the fountain flow effect



This process can be scquential or simultancous injection dependent on the machine
settings. For sequential injection moulding, skin and core materials are injected
sequentially or orderly; one follows another while for simultancous injcction
moulding, skin and core materials can be injected almost at the same time or overlap

cach other. These will be explained in detail in section 2.3. In this chapter, the

applications of sandwich moulding will also be described followed by many types of
co-injection moulding machines, guidelines for material selection and previous

studies 1n this subject.

2.2 History of co-injection moulding

The co-injection moulding technology was invented in 1970 by ICI[3,8-10], one of a
group of companies including Asahi-Dow Corporation, Borg Wamer Chemicals,
Allied Chemical, USM and AMF, who were developing many new techniques for
thermoplastic foam processing. At that time, producing a part with lower material
density and acceptable mechanical properties had been achieved but an improvement

in the surface smoothness of the parts was needed.

ICI’s co-injection moulding technique is schematically shown in Figure 2.2. The
objective of this technique is to obtain a part with a smooth surface from a solid
surface injected from one injection moulding machine and fill the moulding’s corc
by a material with a blowing agent from another. These polymer melts are injected
scquentially into a cold mould through an adjustable valve. It is called the Single
Channel Technique as the materials arc injected through only one channel. The first

polymer injected forms the skin layer and surrounds the core, which is injected

aftcrwards. The valve in front of both nozzles functions as a gate to switch between




those two materials after getting the required amounts of plastics from each barrel. In
order to change the thickness of skin, injection moulding parameters, such as

injection velocity, melt temperature, mould temperature, and melt viscosities are

varied.

e A 2 A 3 3 5 - -

Core material

N N/ Skin material
B
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Figure 2.2 Single Channel Technique[9]

A disadvantage of the method is that when switching from injection of skin to core,
the mould cavity pressure drops, so the melt front comes to a temporary stand still as
shown in Figure 2.3. This is revealed on the finished part as a shadow marks or gloss

marks. If requirements for the surface finish are high, it might be necessary to paint

the part after moulding. Details of how this technique works is described more fully

in section 2.3.1.
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Figure 2.3 Principle mould filling diagram of the single-channel nozzle co-injection

moulding process

In the mid 1970’s, a new nozzle design from Battenfeld called the Two Channel

Technique was developed in order to solve the pressure difference during the
switching of two materials[3,11] (Figure 2.4). This special nozzle was designed to fit
a machine with two injection units. It is equipped with two separate, concentric
channels that can be independently operated, opened and closed, hydraulically. As a
result, it allows injection of skin and core simultaneously, which helps avoid gloss

marks by maintaining a smooth flow velocity (see Figure 2.5). Typically the duration



of the simultaneous phase 1s 25 percent of the injection time for the skin component.

The duration 1s varied dependent on the materials and especially mould geometry.

An advantage of having two independently controlled injection units is that an

optimum distribution of core material can be obtained. Normally skin viscosity

should be slightly lower than core viscosity. If the same material is used in sandwich
moulding, this is achieved by varying the machine’s settings. For example, adjust
20-30°C higher temperature for the skin to lower its viscosity. In some cases, it 1S

useful to increase or decrease the injection velocity and injection delay time of the

core. Again, all settings are strongly dependent on both material properties and

mould geometry.

| ‘ ~ Barrel B
Connec:i:: \\\} ? !
le \ %/ A
R =
%@»ﬁ’fﬁﬁ»'//%/
’ ////////'q////// ~ Barrel A

Figure 2.4 Battenfeld’s two-channel nozzle[12]
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Screw forward
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Figure 2.5 Principle mould filling diagram of the

simultaneous co-injection moulding process

The Three Channel Technique is used to solve some problems that may occur when
producing parts with the Two Channel Technique. Similar to the Two Channel
Technique, an extra channel is applied to the nozzle to produce the third passage for
the third material. As shown in Figure 2.6, the third channel of Billion’s three-
channel nozzle is used to inject a compatibiliser, which forms some chemical bonds

between skin and core. This can be used in the case that the two polymers are not

|



compatible or material layers cannot stick to each other, which leads to

unsatisfactory mouldings. The use of compatibiliser overcomes this problem.

A problem that is normally found in a central gate designed mould 1s the skin
thickness at the position opposite of the gate is too thin. It is because the highest
pressure is developed there and results in the core melt pushing some skin melt to the
edge of the mould. The three-channel nozzle designed from Kortec gives another

channel for injecting more skin material into the mould as shown in Figure 2.7. It

adds additional skin layer there and thus gives a more stable skin thickness.

Compatibilisers

Skin matenal ; +-Core matenal

Figure 2.6 Billion’s three-channel nozzle[13]

ore matenal
Skin matenal

NN
w\&b

-
= _.' '.

ozzle
ould

Skin materia
Core matena

Figure 2.7 Kortec’s three-channel nozzle[ 14]
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Patented in 1995, Ferromatik Milacron invented a new apparatus for the sandwich
method of injection moulding, called the Mono Sandwich Technique|[l5]. As
claimed in the patent, typical injection moulding apparatus designed to produce
sandwich mouldings have employed two injection units. Machines of this type have

disadvantages involving the high initial cost of the required components and

associated control capacity for close operation monitoring to ensure that the volume
flow of material is constant through the nozzle into mould when changing between

the skin material and the core material.

Ferromatik Milacron proved that the sandwich injection moulding was possible by a
single injection unit. The machine is simple as it is based on a standard injection
moulding machine combined with an auxiliary plasticising unit, which has a hot
runner manifold that can be alternately connected to or disconnected from the main
injection unit of the moulding machine. As shown in Figure 2.8, two material melts
are layered in the barrel. These materials are injected into the mould cavity within a
single injection stroke. The details of how this technology works will be described in

section 2.3.2.

Sub extruder (Skin)

Stroke measuring
Injection unit system
(Core) | /—

(/7777

. ——

Figure 2.8 Mono-sandwich injection moulding
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A strong advantage of Ferromatik’s technique is very thin parts arc possible[3,16]. In
other words, a very high core content around 65-75 percent by volume can be
produced, which is somewhat higher than for the two-channel technique, which can
use 55-60 percent core volume[2]. Because the machine is based on a normal

injection moulding machine, it is easy to control and operate. However, since there is

only one injection unit, materials used in this machine have to be similar in terms of
operating temperature. Also the lack of detailed control of the injection process

makes the moulding of complicated shaped parts more difficult.

Presently, Battenfeld and The International Automotive Research Centre of The
University of Warwick are developing a new thrce-material injection moulding
machine, which is designed based on a co-injection moulding or the two channel
technology, by adding an extra injection unit placed vertically from the top. An
intermediate platen is placed to link between those units as shown in Figure 2.9. The

platen, called a manifold system, is similar to the one that was used in the thermoset

co-injection machine in this research and will be described in the next chapter.

14
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Figure 2-9 3K-1njection moulding system

Currently in the co-injection moulding industry, there are new machine and nozzle
designs, which have been developed from the mono-sandwich techniques. These are
illustrated in Figure 2.10, a co-injection system from Addmix and 2.11 and 2.12, co-

injection systems from Twinshot Technologies.

Figure 2.10 Addmix co-injection system|[17]
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The Addmix co-injection system, as shown in Figure 2.10, uses one injection unit to
mould a sandwich moulding of two different but compatible materials. Moulding
skin and core are weighed and loaded sequentially to layer in the barrel. A computer
system, which contains a volumetric metering/feeding control for each materal, 1s

used to ensure that the amount of materials i1s accurate.

The Twinshot co-injection systems are available in two versions. The first version

uses two screws in one barrel, i.e. the core screw is inside the skin screw as seen in
Figure 2.11. To start a moulding cycle, the outer screw (skin) charges the skin
material to the front of the barrel then the inner screw (core) charges the core

material and layers it at the back of the skin. After that the materials are injected into

the mould and form a sandwich moulding.

Skin screw Core screw A 3

Material A Material B

Figure 2.11 Twinshot co-injection system version [[ 18]

The second version of Twinshot combines the two screws into one as can be seen 1n
Figure 2.12. The screw has two sections for separate the skin and core materials
during metering. To start, the screw rotates to charge molten materials to the front of

the barrel. Skin material or material A will reach the nozzle before core material or

16



material B, which is delivered to layer behind the skin through the skin screw. After

that both materials are injected into the mould and form a sandwich moulding.

Skin screw

Material B

A
(Skin)

Material A Core screw

Figure 2.12 Twinshot co-injection system version [I[ 18]

2.3 Sequential and Simultaneous co-injection moulding processes

The words ‘Sequential’ and ‘Simultaneous’ are used to define co-injection processes
into two groups by looking at how materials are injected into mould. The machines
that can inject skin and core materials orderly without any injection time overlap
between them are called sequential co-injection while the machines that can inject
materials into mould with an injection time overlap or both at the same time are

called simultaneous co-injection. All of the techniques mentioned in the last section

can be summarised as shown in Figure 2.13.
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Co-injection moulding machine

Sequential Process Simultaneous Process

Single Channe! Three-channel

Ferromatik-Milacron Battenfeld . Billion
Addmix

Twinshot I&II Battenfeld

Figure 2.13 The different techniques for co-injection moulding process

2.3.1 The sequential co-injection moulding process of a single-channel moulding

machine

The following diagram and table describe how a single-channel moulding machine
of the ICI type works. This kind of machine has a major disadvantage of uneven
distribution of core material and producing finished parts with gloss marks due to a

sudden drop of injection pressure during switching materials between skin and core

as already shown in Figure 2.3.
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Table 2.1 Operating sequence of the single-channel moulding machine.[9,10]

The injection moulding cycle is started
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Table 2.1 Operating sequence of the single-channel moulding machine

(continue).[9,10]

The core material is injected until the

mould is full. Pressure from the second

N
%r
)
\~
a\,
\
\
§
\\‘
\
\
\
\
\
{\

injection unit is used to pack the mould

to ensure a good surface finish.

The valve is switched to the first
injection unit for the second time. The

skin melt is injected again to repack the

N
)
v/

mould and conceal core polymer inside

the skin. This also helps to clear the

N

N
TR

7

I

sprue and valve of core polymer in

order to prepare for the next moulding

cycle.

The valve is closed. The applied clamp
force is still held until the moulding is

cooled down and solidificd. During
that, the screws rotate back to recharge

the skin and core materials. At the end

(Ll diiideciiiiiiil i

of cooling cycle, the mould is opened to

eject the finished part then the machine

1s ready for the next moulding cycle.
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2.3.2 The sequential co-injection moulding process of a mono-sandwich
moulding machine

The mono-sandwich moulding process i1s described by Table 2.2. This technique is
classed as a sequential injection moulding process as the single channel technique.

However, the operating details are different. In this case no gloss mark is seen. It is

because both skin and core materials are injected from the same barrel. A short
overlap injection time of the materials prevents the melt flow front from temporary
stopping. Consequently, smooth pressure (as shown in Figure 2.14) 1s developed

inside mould cavity as is occurred in the simultaneous injection moulding process.

Table 2.2 Operating sequence of the mono-sandwich moulding machine[15,19].

Steps Details

The cycle is started when the mould 1s

closed hydraulically. A  required

amount of skin matenal, which 1s

plasticised in the auxiliary extruder B 1s

injected into the main injection unit A.

Pressure from skin melt inside the main

Step | barrel will push the screw backward.

The main screw then rotates to charge

core material to the front and sit behind
§ he skin material. |

Step 2
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Table 2.2 Operating sequence of the mono-sandwich moulding machine (continue)

(15,19].

.
7

After getting enough skin and core

Step 3

- melts, the extruder B is driven up to

provide space for the main 1njection

unit to move forward and connects to

' the mould. The machine then injects

both skin and core materials into the

mould cavity.

Once the skin material touches the
mould wall, it forms a thin frozen layer.

The screw continues injecting more

core material into the mould. The core
melt pushes the skin outward and forms

a sandwich moulding,

The main injection unit discharges

some more core melt in order to fill and
pack the mould. After finishing

injection cycle, the main unit A retracts.
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Table 2.2 Operating sequence of the mono-sandwich moulding machine

(continue)[15,19].
| While the moulding is left to cool down
- in the mould, the extruder B 1s

recharged with skin material and then

moves down to connect with the main

unit A to start the new moulding cycle. l

Step 6

S

Injection of

Screw forward
speed

P (bar)

Cavity pressure

Time (sec)
Figure 2.14 Principle mould filling diagram of the mono-sandwich co-injection

moulding process

23



Because core material is used last to pack mouldings, sandwich parts produccd from
this process normally reveal the core material at the spruc end. This is unsatisfactory
if very high quality surface is needed. Alternatively, an accumulator with a flow
control valve can be installed alongside the extruder. This valve connects the
accumulator with the extruder and the mould cavity. After the extruder finishes
feeding skin melt into the main injection unit, some of the melt is fed to the
accumulator. This material will be used to pack the mould via the spruc after

required amount of core material is injected and the injection unit is retracting (at the

end of step 5 in Table 2.2).

2.3.3 Simultaneous co-injection moulding process

More complicated nozzle design and computer control were developed to eliminate
the limitation of the sequential co-injection moulding process. The following are the
operating sequence of the simultaneous co-injection machine of Battenfeld and the
mould filling principle. As illustrated by Table 2.3 and Figure 2.5, cavity pressure

can be maintained in a smooth curve. The screws and shut-off nozzles are designed

to function so that there is material flow to the cavity throughout the mould filling

cycle, thus avoiding melt flow from temporarily stopping.
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Table 2.3 Operating sequence of the simultancous co-injection moulding

machine[16]
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I both screws reach the setting stop

The shut-oft nozzle A opens and the |

screw A injects some skin melt into the |

still |

mould. The shut-off nozzle B

closes.

When the screw A reaches the setting

switching point for starting injection B, |

the shut-oft nozzle B opens and the

screw B starts injecting some core melt.

Note that during this, skin melt is still |

flowing. The process continues until

points.
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Table 2.3 Operating sequence of the simultaneous co-injection moulding machine

(continue) [16]
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Step 4 mould and to ensure that the core

material 1s concealed completely inside.
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The shut-off nozzle A closes and the

cooling cycle starts. The injection unit

u’- - e

/// G e ol

1s recharged with new skin and core

materials for the next injection cycle.

Step 5 |

2.4 Different machine structures and injection unit arrangement

(11,20,21]

Alongside nozzle and screw development, the machine construction has also been

redesigned and changed. The potential arrangement of the injection units, which is

dependent on the machine and mould designs and available space of the plant, can be

as illustrated in Figure 2.15.
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Side view Top plan view

lowsa@® L position
[}

Vertical unit -

Miﬁiﬁ} Parallel position

™~
-

llpiggyback”

Figure 2.15 Overview of the available standard arrangements of the injection

unit[21]

2.4.1 Vertical injection unit
The second injection unit is mounted on the top, over the fixed platen. For mould
changing, the injection unit can be slid back to stand behind the platen. Although this

unit is the most space saving and frequently used arrangement, the disadvantages of

the vertical unit 1s it needs high hall height.

2.4.2 L position

The second unit lies as a 90° angle to the first unit but in a different direction from
the Vertical unit design, as both barrels are lined horizontally. This design is an

alternative to a low hall height requirement of the vertical design.
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2.4.3 Piggyback

The second unit may also be arranged at an angle from above and inject through the
same opening or a second opening in the fixed platen. This arrangement saves floor
space like the vertical unit design but requires less hall height. It is particularly

advantageous for a second injection unit much smaller than the first,

2.4.4 Parallel position
The two injection units are parallel. This design does not need a very high hall and

does not consume much space. This is different from the other designs, which nced a
special design mould or tool channels for leading materials into the mould in order to

make a sandwich part. The nozzle is placed in front of and connects both injection
barrels and controls the flow of materials. The disadvantage of this unit is it has a
limited range of temperature difference between two barrels. Since the barrels are
parallel and installed on the same carriage, too much difference of temperature can
cause a misalignment problem due to unequal expansion of the injection unit. As a

result, the materials chosen should have the same range of operating temperature.

With the standard unit arrangement in Figure 2.15, the maximum of six component
plastics can be achievable as presented by Ferromatik Milacron in Figure 2.16[21].
Four injection units can be arranged vertically and one unit at an angle of 45°, The
mould design requires central injection and two injection points on the top of the

fixed platen as well as three injection points on the top of the moving platen.
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Figure 2.16 Design of a six-component injection moulding machine of Ferromatik

Milacron|[21]

2.5 Criteria of selecting raw materials|2,3]

The selection of materials depends on the properties required for the finished parts.
However, when two materials are involved in the process, some rules have to be
followed. It is necessary to consider how well the skin and core layers of those

selected materials stick to each other. The following are a guide to good adhesion

mouldings:

e The materials offer some degree<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>