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Abstract

The herein paper contains the results of investigaton a new type of cellulose blend used fomtla@ufacture of profiles applied in the
process of making gating systems in the foundryustry. A standard cellulose profile was subjectedah experiment. During the
experiment the profile was filled with a liquid taon and at the same time the temperatures ofidnel metal crystallizing inside the
profile were measured as well as the temperatutbeobuter layer of the profile was controlled. ther, the microstructure of the cast
iron, which crystallized out inside the celluloseofile, was analysed and the cellulose, thermaéigrdded after the experiment, was
verified with the use of the chemical analysis rmdthiMoreover, a quality analysis of the originamasl as the degraded cellulose profile
was run with the use of the FTIR infrared spectrpgcdhe presented results revealed that the cebulbend is aluminium silicate
enriched and contains organic binder additives. &ase iron, which crystallized out, tended to hamesquilibrium pearlitic structure with
the release of graphite and carbides. The generafidisequilibrium ausferrite phases was also nMeskin the structure.

Keywords: Innovative casting materials and technologies, ubsde profiles, Gating system, Aluminium silicatéstay cast iron,
Ausferrite

products in a form of profiles having direct corttavith the liquid
metal during the process of filling translates e into the
quality of the finished product, i.e. the castinBrevious

1. Introduction

Gating system is the first point of contact of tlwpuid cast
iron with casting mould’s cavity. The geometry dfetwhole
gating system and consequently the manner thedliqmeétal is
supplied to the mould’s cavity, together with thgd of the
material out of which the gating system is madey rhave
a significant influence on the process of fillifgetmould’ cavity,
and thus on the quality of the casting [1-10]. Thuality of the
material as well as the technology of making theideished

investigations on modified cellulose blends [11plgd in the
manufacture of gating systems have been mainly skxtuon
chemical analysis of the compounds which are begigased
during the process of temperature increase up @10 The
herein paper broadens the spectrum of investigation the
modified cellulose pulp and its influence on thetahbeing cast.

ARCHIVES of FOUNDRY ENGINEERING Volume 14, Issue 3/2014, 123-128 123



2. Investigation methodology
and schedule

The investigations were carried out with the userdé of the
original cellulose profiles available on the comai@r market.
Only fragments of the tested cellulose profile wersed for
laboratory purposes. The investigations carried were as
follows:

— the analysis of the absorption spectra of the waigcellulose
profile,

- the examining of thermal resistance in the condgisimilar
to the operating conditions present in a founduwilifg, i.e.
the measurement of the liquid cast iron’s tempeeainside
the profile filled with the liquid cast iron as wehs the
measurement of the temperature of the outer parthef
cellulose profile’'s wall,

- the analysis of the microstructure of the cast icoystallized
out inside the cellulose profile,

- the analysis of the absorption spectra of the thbym
degraded cellulose profile.

The investigations have been conducted at the facdl

Mechanical Engineering of the Lodz University of

Technology.

2.1. Investigation of temperature changes
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Fig. 1. Diagram of the stand for the measurement
of the temperature of cast iron and profile

computer
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2.2. Metallographic investigations of the cast
iron

Samples for the metallographic investigation weué fcom
the area close to the thermocouple registeringctiamges of the
alloy’'s temperature. The cast iron microstructuralgsis was
conducted with the use of the metallographic micope MA200
by Nikon with thex100 andx500 magnification.

Figure 1 presents the diagram of the stand were the2 3 FTIR examination of the original and the

investigations have been carried out. The cast ieonperature
was measured with the use of the thermocouple $/fetRh10-
Pt). The thermocouple was placed on the axis ofpttodile’s

horizontal cross-section. The profile was mouldadai damp
synthetic moulding sand with bentonite binder. Temperature
was also measured at the cellulose profile — magldand point
of contact. The measurement was conducted in aincmots
manner, starting from the temperature of filing tp the
temperature of approximately 1000°C (of the cagt irside the
profile).

The cast iron of the composition presented in Tdblgas used
for the tests.

Table 1.
The chemical composition of the tested cast iroah itg eutectic
carbon equivalent C
Chemical composition, %
C Si Mn Cu
3.92 2.47 0.09 1.97

Ce, %
4.80

Mo
1.83

The application of the cast iron having the abovantioned
chemical composition resulted from the possibitifiyobtaining
ausferrite in the cast iron matrix without the resity of heat
treatment application [11-14].
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degraded cellulose after the process of filling
with liquid metal

The quality FTIR analysis (Fourier Transform Infidire
Spectroscopy) was conducted within the measureraege from
4000 up to 400 cthwith the resolution of 4 cthand with the use
of the FTIR spectrometer, Nicolet iS50 model. Theasueement
was conducted in the absorbance mode with thecatigh of the
DRIFT type diffuse reflection by Harrick company,tae beam
angle equal to 80°. The number of scans per oneunement
cycle was 64. The examination was conducted withutte of the
original as well as the degraded profile after éxperiment of
filling with liquid metal.

3. Results of the investigations

3.1. Investigation of temperature changes
Results of the cast iron and profile temperaturengba

measurement at the surface of its point of contsith the
moulding sand were presented in the Figure 3 anelsfpectively.
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Fig. 2 Liquid metal temperature changes in<
the cellulose profile

It was observed (Fig. 2) than case of theliquid cast iron
a decrease of the liquidetal cooling speed takes pl within the
temperature range of 124P212°C for the, and at the sarthe
temperature outside the profile increases (BjgDue to the fact
that this is a hypereutectic cast iron, €€ 4,80%), the primar
graphite has crystallizealit in the first place. The paper [15] indice
however that the thermal effect of the prry graphite’s
crystallization on the derivative curve does nauwcSimultaneously
the temperature outside the profile quite rapidiyréases from tr
temperature of 65& up to the temperature 0717°C,
disproportionately more suddentpmpared withhe process of
the whole measurement. The effect was visible durihe
experiment in a form of strongly exothermic proesssit was
presumably a result of cellulose’s composition rficdfion by
aluminium silicate additives which acharacterize by a delayed
strongly exothermic ignition.

At the same time, the emission of a considerabtauatof gase
was observed during the experiment of filling thefie with liquid
metal, which was disproportionate to the weight aimd of the
profile.

A practical application of the profiles being intigated is
reasonable due to the lengthening of the periochwhe cast irol
maintains its liquid form, however the emissionaodonsiderabl
amount of gases may pose serious difficulties e dhse othe
degassing of foundry moulds, in particular case of complex
casting shapes.

w
=1
=

o
=1
=

~
=1
=}

wn @
=1 =1
o =]
~

Temperature [ C]
T—

0 T T T T T T T
0 200 400 600 200 1000 1200 1400 1600

Time [s]
Fig. 3 Temperature changes outside the profile at tlre
of its surface contact with the mould mate

3.2. Metallographic investigatior of the cast
iron’s microstructure

Figure 4(a, b) presents the microstructure of the exam
cast iron inthe area of thermocouple’s locati
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g. 4 (a, b). The mro f grey cast iron in cellulc
profile: flakegraphite, perlite, ausferrite, carbi

The investigations reveal that in spite of the aapion of
cast iron with molybdenum and copper in the amooh
approximately 2%, arequilibrium pearlitic structure with tt
release of graphite and carlsdeas mostly obtained. At a sm
rate of the casting’s cooling process, most of dhstenite wa
subject to an eutectic transformation into perlitdile only in
case of certain micro areas ah increased concentration
molybdenum and copper the remaining austenite vaded
down to the temperature in which its transformatito a bainitic
ferrite was possible. There were no phases obsenvélae cas
iron microstructure which could beeated as a result of tliquid
cast iron reaction with the material of the celad@rofile

3.3.Analysis of the absorption spectra of the
original and thermally degraded cellulose
profile

Figure 5presents the results of FTIR analysis in a forn
absorption spectra. Curve A presents the spectruam afriginal
cellulose profile available on the commercial markeéhile curve
B presents the spectrum of a cellulose profile d@fterprocess ¢
filling with liquid metal.
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Fig. 5.FTIR spectrum: / cellulose profile,
B -thermally degraded cellulose pro

In the spectrum of an original cellulose profilerfe A— Fig.
5) bands characteristic for the formations deriveinf cellulose
(base) and melamine-uréarmaldehyde resin, functioning bc
as binding agent and impregnate, could be distiigd. Peak
deriving from non-organiflling material in a form of aluminiun
silicates used for manufacture of such type of eles) should b
within the range of 1300+400 ¢*. However, it is hard to
distinguish them as they are masked by the bandgirte from
organic formations and adiinally they were covered within tl
range from 770 to 650 chby a broad absorption band derivi
from the deformation vibrations of the hydroxyl gp (-OH)
[16].

A sharp peak, visibly separated from other bands7a6 cr?,
indicates the presence tie C=0O carbonyl bon In turn, the
presence of a broadbamnithin the range from 1660 to 1620 2,
determines the existenad, amon( other, groups characteristic
for urea, such as: C=0O bond next to +NH, group, C=0
combined with -NH- and the sole rbonyl group independent -
NH- combination. It was observed that at 1556 a peak of
slight intensity appeared in the spectrum, whicHidates the
existence of C-NH-bond deriving from melamine. In turn, t
band at 1513 crhindicates the existence a so called methylene
bridge in the N-C-N group [1Z8]. A sharply ended band
1429 cnittis connected with the symmetric vibrations of -CH,
group connected with the hydroxymethylene groughSpeak is
characteristic for cellulose spectra [17]. Two peatlosely
located at 1337 and 1327 ¢mand deriving from the-CH,-
groups, were observed. Such bands appear in both cell
spectra and formaldehyde resireaRs located within the range
1282-1260 cril confirm the presence c¢-CH,- group directly
connected with the -CHO-CH,- composition
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Bands at the wave number of approximately 1150 dd® tm'
indicate the participation of asymmetric and synmimetibrations
of the C-O-C bonds in such connections as-OHCH,- and CH-
O-CH,- [18,19]. The peak located at the 897 tmave number
confirms the presence of cellulose in the testedpasite because
at this wave’s length a band deriving from the gbide -1,4
bond between next glucose molecules of this polyoain is
located [17].

On the B curve (Fig. 5), all bands characteristic doganic

bonds described above are not visible. It is comtkewith the fact
that as a result of a high temperature of 28)oth cellulose
and resin were degraded and the peaks observée ispectrum
are only connected with non-organic additives whaid not
carbonise. Bands deriving from silicate structurey ime, among
others, observed in the obtained spectrum: vilmatiwithin the
range of 460+468 cthand 426 cni are the O-Si-O bending
vibrations, while the vibrations around 800 trand 1080 cm
are the Si-O-Si type stretching vibrations. Moreoweithin the
range of 542530 cthnot only peaks characteristic for Si-O-Al
bonds, but also for K-O, Ca-O, and Fe-O groups acatéd. In
turn, the peak at the 788 ¢rwave number belongs to the Si-Si or
Si-Al bond. Moreover, below 430 ¢hof the obtained spectrum,
there are also peaks deriving from asymmetric Fesetching
vibrations [20,21].

4.

Conclusions

The presented results of investigations prompt ftiiewing

conclusions.

1.

A considerable amount of gases emitted during tbegss of
filling with liquid cast iron may be problematic g the
manufacture process in industrial conditions.

FTIR analysis indicates that the melamine-urea-&dehyde
resin was used as the bonding agent in the origielfllose
profile and that the resin is the reason for anseion of
a considerable amount of gases during the prodefiirg
with liquid metal.

Thermally degraded cellulose profile exhibited compds of
non-organic filling material, probably aluminium licites
which are responsible for the exothermic effecesent during
the filling process.

Aluminium silicates addition to the cellulose plefresults in
the lengthening of the metal cooling process, émgbthe
equilibrium eutectic crystallization in the wholelume of the
sample, due to their strongly exothermic combustioning
the process of filling with liquid metal.

Regardless of the emission of gases and major ggymoic
effects, no influence of the modified cellulosetbr cast iron
microstructure was observed.
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