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ANALYSIS OF CAUSES OF PELLET MILL MATRIX WEAR
BASED ON A SELECTED EXAMPLE

Summary

This paper presents selected results of an anabfsimmage causes to pellet mill matrix. The tepdtet mill matrix was
used for the traditional technological process eflg@t production. The tests were carried out sintatrix failure times
were found out to be too short. In order to asthescauses of matrix damage, tests of chemical ositign and hardness
of the matrix material were performed as well asaation of microscopic points of wear, analysishe area of parame-
ters of the process of operation and general comakit of use of the pellet mill. Discrepancies bemvthe chemical compo-
sition of the material of the pellet mill and th&adrmation contained in the DTR were observed.miitte was paid to
a possible influence of heat treatment and opeggpiarameters on its premature damage.
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ANALIZA PRZYCZYN ZU ZYCIA MATRYCY GRANULATORA
NA WYBRANYM PRZYKLADZIE

Streszczenie

W artykule przedstawiono wybrane wyniki oceny mgyaniszczenia matrycy granulatora. Granulatorktérym praco-
wata oceniana matryca, wykorzystywany byt do trgghego procesu technologicznego produkcji pele@adania wyko-
nano z uwagi na zbyt krotki okres bezawaryjnej pramatrycy. W celu oceny przyczyn zniszczenia nyawy&onano ba-
dania sktadu chemicznego oraz twafciomaterialu matrycy, dokonano obserwacji mikroskwpch miejsc zycia oraz
analizy w zakresie parametréw procesu eksploatagiz og6inych warunkéwzytkowania granulatora. Stwierdzono roz-
bieznas¢ sktadu chemicznego materiatu granulatora od infacjn zawartych w DTR. Zwrécono uwaga ewentualny

wplyw obrébki cieplnej oraz parametréw pracy nagggzedwczesne zniszczenie.
Stowa kluczowematryca granulatora, trwalé’ eksploatacyjna, sktad chemiczny, obrébka ciept@a@ametry wymusze

zewrtrznych

1. Introduction

According to many authors [4, 7, 9, 10, 12], amdtmg
basic matrix parameters there are:

* matrix clearance coefficient — the ratio betweendhea
of openings and the working area of the matrix,

» diameter and length of matrix openings. The rate b
tween these values may fluctuate between 0.1 to(de5
pending on the material properties of the raw nialtsub-
jected to the process of pressure agglomeration taed
quality requirements of the obtained product),

» geometry of the inlet part of matrix openings.

According to Thomas et al. [20], matrix parameters
fluence both the course of the pelleting process the
quality of the final product. Pellet mill performzmand en-
ergy consumption of the process are mainly condestth
the length and diameter of the pressing channéheimna-
trix.

Fairfield [3] reports that the ratio between teadth of
the pressing channel and its diameter — calledixnedm-
pression ratio — is adjusted in relation to thecepsbility
of fodder material to pelleting.

Laskowski [13] claims that in order to obtain pé&dlthat
would meet quality norms, matrices with a high coesp
sion ratio should be used for mixtures with high dan-
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tents, whereas matrices with a low compression stould
be used for mixtures characterized by a low suguiépt to
forcing.

Channels in matrices are usually drilled in theiet
sections into a conical or parabolic shape, maimlgrder
to facilitate feeding of the material into the opays. The
matrix geometries most commonly in use [5, 7] aesent-
ed in fig. 1.

Fig. 1. The most commonly occurring matrix georestts,
7]: @) cylindrical segment with a cone, b) cyliati segment
with a double cone, c) cylindrical segment withoallde cone
and a cone at the outlet, d) cylindrical segmetit aicone and
a cylindrical (with a greater diameter) outlet

Rys. 1. Najegciej spotykane geometrie otworéw matrycy [5, 7]:
a) cylindryczna g&¢ ze stekiem, b) cylindryczna e z podwoj-
nym stekiem, c¢) cylindryczna e# z podwojnym stiiem i sté-
kiem na wyjciu, d) cylindryczna ez¢é ze stekiem i cylindrycz-
nym (o wgkszejsrednicy) wyfciem
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On the basis of tests carried out by Ruili§ and
Sokolova [5, 17], as well as research by Hejftqh,it can
be stated that increasing area around the inldiodder
mixture into the opening has an impact on the meeein
densifying pressures and the increase in densitykanetic
durability of agglomerate.

According to research carried out by Andzjus [&ho
analysed operational wear of matrix channels, #ight of
chamfer of inlet sections in typical openings skdut from
around 0.5 to 1 mm, at a cone angle of 45+50° t) 68
spectively.

Grochowicz [4] reports that for materials difficutb
densify, or high-thickness matrices, openings \witbylin-
drical or conical drilled outlet part are sometinusgd.

Channels with a pronounced conical inlet of thé-ca
brating section are used for mixtures that ardively easy
to pelletize as well as for briquetting grain matisr[4, 13].
Lengthening the conical inlet up to halfway throutje
channel length, makes it possible to significanmégluce
matrix thickness.

According to research carried out by Starosta [4B8b
focused on forcing dried plants through openingthvei
square cross-section, increasing the inlet conéeaatgpve
20° is not justified. At more acute angles, an éase in
densifying pressures is not accompanied by an adeduo-
crease of briquette density.

According to Hejft and Obidaski [9], a pelleting and
briquetting device, in the case of processing deeraw
materials, should be equipped with a set of matridéis
inconvenience may be minimized by using composiée m
trices [6, 8, 9]. At openings with greater diamsté¥xceed-
ing 25-30 mm), replaceable sleeves may be used fi&i
use, however, reduces matrix compression ratio [9].

As reported by Chiopek et al. [2], matrices aredena
from alloy steels of the following types: X46Crl3,
20MnCr5, or 18NiCrMo5. When X46Cr13 steel is usied,
is vacuum hardened and heat treated up to a hardhés-
55 HRC on the surface and inside the core. 20MreCib
18NiCrMo5 matrices are produced differently. Thag a
case-hardened and hardened up to a hardness @f a6
down to depths of 0.8-1.2 mm. Matrices made froest¢h
steels show a greater hardness, in excess of 65ltiig
pelleting of raw materials. The condition of the riking
surface of the matrix is another important facfarcording
to Chiopek et al. [2], choosing a matrix requirdee t
knowledge of the properties of the densified mateaind
the final product.

Roughness of the working surface of matrix chanetich
has a significant influence on the value of thdfictmt of friction
at contact with the raw material is another paramehose the
densification process and the quality of the obthiproduct de-
pend on. As reported by Strijbos [13], the coefficiof friction de-
pends on two dimensionless parameters: the pagicleannel-
wall hardness-ratio, and the average particle-dert@wall-
roughness ratio. Increasing the roughness renuiterieased re-
sistances to forcing, energy consumption of thegas) and de-
creased matrix life.

According to Pattersen and Kathman [13], chromiickel
matrices, or those made from appropriate alloyshtnae polished
openings, are characterized by lower values otdefficient of
friction and longer life.

The roughness of matrix openings decreases watpaksing
of matrix operation time as a result of the surfaging re-polished
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by particles of the densified material [13, 144]/,

Matrices produced by renowned pellet mill manufact
ers, before they are put into use, are lapped [I&jping is
a long-term process carried out by means of spgaam-
posed mixtures that contain plant material mixethwabra-
sive powder (e.g. electrocorundum) [15].

2. Aim of the research

The aim of the research was to assess the catises o

premature damage of pellet mill matrices duringgheress
of operation.

3. Research methodology

For laboratory tests, samples from a damaged xnatri
were used. These samples were taken from brealagts.p
Fig. 2 illustrates the materials collected for gsak. To fa-
cilitate the description of research results, tamgles are
marked as: Sample 1 and Sample 2.

Sample 1 Sample 2

Source: own work Zrodto: opracowanie wiasne

Fig. 2. Samples taken from breakage pints of a dacha
matrix
Rys. 2. Probki pobrane z miejsc przetoméw zniszjzoa-

trycy

In order to assess the causes of matrix damagédpkh
lowing tests were performed: chemical compositibrihe
matrix material, hardness of the matrix materiabtighout
the matrix thickness, as well as macro- and miapic
analyses of characteristic places; metallograpbécisnens
of structures were also prepared and subjectedserva-
tion.

Tests of chemical composition were carried out by
means of Thermo ARL Quantris emission spark spawro
ter (fig. 3a). Microscope observations of breakpgnts
and metallographic specimens were carried out gnsef
Hitachi S-3000N scanning microscope (fig. 3b) with
X-ray microanalysis module. Hardness tests wereiechr
out by means of SHR-187.50 hardness tester.

Before commencing the tests, the samples wer@astibj
ed to traditional machining. Appropriate surfacesrav
sanded and polished, then washed in ethyl alcaibbaed
in an air stream. Thus pre-prepared samples, depgiodt
the planned tests, underwent further preparatogcepr
dures. After the samples were finally prepared,pla@ned
analyses were performed.
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a)

b)

Source: own work Zrodio: opracowanie wiasne

Fig. 3. View of: a) Thermo ARL Quantris emissioresp
trometer, b) Hitachi S-3000N scanning microscope

Rys. 3 Widok: a) spektrometr emisyjny Thermo ARanQu
tris, b) mikroskop skaningowy Hitachi S-3000N

4. Research results

One of the issues of analysis was to determinente-
rial that the matrix was made from. It was impolesib de-
termine on the basis of the obtained documentafibieo-
retical considerations were initially directed tBl18 type
material (X30Cr13, 1.4028), or a material with anighr

Tests of chemical composition carried out sevarad (three
analyses for each of the samples) indicate thphsulcontent
in the material in question oscillates around 0.03%e in-
creased sulphur content manifests itself in ithpunced ten-
dency to segregation. Sulphur is not iron soludotel, is present
in steel in the form of iron and manganese sulghitle pres-
ence is undesirable, especially in the form of F&S forms
low melt eutectics with austenite, which are theseaof heat
cracking. Manganese sulphide is a refractory comgpdgmelt-
ing point of 16201C). It crystallizes in a higher temperature
than iron. For this reason it is present in steésalated inclu-
sions inside grains. In higher strength steels,gaaese sul-
phides are the cause for lamellar cracking. Indbigext, the
obtained results of chemical composition tests beag cause
for concern.

As far as heat treatment processes are concettmed,
issue are mainly the course and parameters ofaitehing
process and its environment. Several adverse isitigamay
be expected here. One of them is the appearartardén-
ing tensions. During steel hardening, type 1, 2| atype
residual stresses appear. Type 1 stresses (ca@lédstiess-
es) appear as a result of the difference in codlatgs of
the core and the surface of the hardened itemréhge of
impact of these stresses is comparable with themsions
of the item). This means that if an inappropriaaedening
procedure is performed, or if parameters recomnt@ma
as to the appropriate hardening process are conigedm
then the probability of appearance of this typstodsses is
the highest. In extreme cases, such stressesdegatrden-
ing cracks. It is suspected that in the case ofateysed
matrix either the procedure of customary hardering
highest heat stresses) or an appropriate hardeniregdure
was performed, but the regime was insufficienthti as
far as recommendations and parameters are concdined
can be added that in the case of heat stressesfdie

chemical composition. Table 1 summarizes normativenethods of dealing with this problem is to carry aipro-

chemical composition of 3H13 material and, for canip
son, test results of chemical composition of samulel-
lected from the matrix.

Analysing the results shown in the table aboveait be
stated that despite the similarity in chemical cositon,
the compared materials differ in the area of propoal
contents of alloy elements. This pertains mainlynanga-
nese, silicon, and sulphur. Additionally, chemicamposi-
tion analysis made it possible to detect the praseh other
elements (e.g. nickel), which are not covered bia da-
cluded in the norms. In this context it is diffitb decide
whether 3H13 is indeed the matrix material.

In relation to the analysed chemical compositibns
worth paying attention to the increased sulphuteain For
martensitic steels, its content should not exce@iigYo.

Table 1. The test results of chemical composition
Tab. 1.Wyniki analiz sktadu chemicznego

cedure, e.g. graduated or interrupted hardenirad, wiould

allow to eliminate a large proportion of these stes and
obtain an adequate internal structure. Considettiegun-
typical geometry of the hardened item (this majmdytains
to the rapid changes in thickness/cross-sectiowdsat the
mesh and the matrix rim — fig. 4a), it doubtlesgiyes off

temperature in a non-linear manner, which requaresp-
propriate hardening procedure to be chosen. Ircdse of
customary hardening it would be rather difficult agoid

thermal stresses at such untypical item, wherdaguse to

carefully select an appropriate hardening proceag um-

conditionally lead to hardening cracks, as exengulifin

the photograph shown in fig. 4b. The technologjcalob-

lematic internal structure thus created is an auitit ele-
ment.

C [mMn] si] P] s]| NJ] c [cu] Mo] v ] A ] sn]|] Co| ca
Sample [% mass]
3H13 [0.25-0.36<1.5] <1.0] <0.04 0.015] - [120-14p - | - [ - [ - | - - -
Chemical composition of samples
C Mn Si P S Ni Cr Cu Mo V Al Sn Co Ca
Sample 1 0.32 081 0.29 0.0020.032| 0.35 12.7 0.04] 0.03 0.05 0.0L 0.002 0.005 0.003
Sample 2 0.34 0.80 0.3( 0.0030.028 | 0.37 12.7 0.04] 0.03 0.05 0.008 0.0p2 0.007 0.003
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Source: own work Zrodto: opracowanie wiasne
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Source: own work Zrodto: opracowanie wiasne

Fig. 4. View of damaged matrix: a) illustrationeifange in
cross-section geometry, b) hardening crack (markitd a
loop)

Rys. 4. Widok zniszczonej matrycy: a) ilustracj@ammngeometrii
przekroju, b) pkniecie hartownicze (oznaczonetha)

Parameters of the hardening process influenceirgipap

of the internal structure. Their inappropriate égafation
may be the cause of appearance of, for examplecatey
guantity of residual austenite, which in connectidth FeS
leads to creation of low melt eutectics, which e cause
of heat cracking.

100um

Source: own work Zrédlo: opracowanie wasne

Fig. 5. Clearly visible “empty spots” at grain berd (sur-
face of sample breakage)

Rys. 5. Widoczne wyfiae ,puste miejsca” na granicy zia-
ren (powierzchnia przetomu prébki)

Intercrystalline and pitting corrosion may be ot
result of inappropriate heat treatment. Interciiista cor-
rosion is the result of liberation of chromium ddes from
austenite, which lodge at the borders of steelngraihus
causing chrome depletion of border areas. As altreu
chromium content dropping below 13 %, border afsas
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come not resistant to corrosion. Corrosion advances
through places locally chrome depleted — betweeaingr
(crystals). Fig. 5 clearly shows individual sepadafrom
one another, which may be the result of interctistacor-
rosion.

The data compiled in the table in fig. 6¢c may beea-
emplary situation of local chrome depletion. In.figb,
points 1, 2, and 3 mark the spots of chemical ccitjpo
analysis, included in the table. All three markéig. 5b)
were set on characteristic “holes”. Marker 3 wasadmve
the same hole that was marked with the black circliég.
6b. These holes are a very possible result ofnpittiorro-
sion.

Fig. 6a illustrates small dark spots with dimensiof
several to several hundred micrometers. They may e
sult of both fine-dispersive liberations and intgstalline
and pitting corrosion. Fig. 7 presents an examge/ \of a
metallographic specimen with focal points of pigticorro-
sion — the photograph was taken from literata®. [Areas
of pitting corrosion appearing on this specimen eeey
similar to the dark spots observed in fig. 6a.

a)
o I g 0
¥ 3 & S
(S S
' ® . & : :"
. B
.
o .
. . ’
- -
b)
c)
All.
elem.
cont, | C O Si S Cr Mn | Fe Cu
[%
mass}
Place of analysis
Point1 | 1.06 | 0.84| 0.27 | 0.86 | 7.48 - 40.48 | 49.01
Point2 | 0.39| 0.22| 0.09 | 0.19 | 13.60| - 84.40 | 1.12
Point3 | 0.96 | 0.27 | 0.34| - 14.37 | 0.76 | 83.30 -
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Source: own work Zrodto: opracowanie wiasne

Fig. 6. Results of microscope observations of saspl
a) corroded specimen, b) place of quality analgishem-
ical composition, ¢) quality analysis results ofentfical
composition of places marked in fig. 5b

Rys. 6. Wyniki obserwacji mikroskopowych prébek:
a) zgtad trawiony, b) miejsce analizy jakmwej sktadu
chemicznego, ¢) wyniki analizy jaktowe] sktadu che-
micznego miejsc zaznaczonych na rys. 6b
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st ek
Fig. 7. Pitting corrosion [11]
Rys. 7. Korozja yerowa [11]

As far as pitting corrosion is concerned, it canskated
that at a chromium content of 10 % and more, a ldyer
of chromium and iron oxides with a thickness in trder
of A, the so-called passive layer, appears on tinfase of
steel. This layer is characterized by a compactctire,
consistent with the base, causing abrupt increiaselsemi-
cal potential, i.e. corrosion resistance. The lagmtects
from corrosion in a manner similar to e.g. painataag.
The passive layer must be capable of regeneratiarase
of mechanical damage to the surface. At locally dow
chromium contents, the oxide layer appears is posnd
consistent with the base to a small extent, whégdults in
the corrosive agent having access to the surfasteef and
corrosion to develop. Material damage which is cletel
in this kind of situation is stress pitting cormsioccurring
when local damage to the passive layer takes péacbthe
layer does not regenerate, and at simultaneousnaatiex-
ternal loads. The result of such corrosion is damsgpwn
in fig. 8.

Fig. 8. Corrosion stress cracking [11]
Rys. 8. Korozyjnediniecie napezeniowe [11]

It can be added that the performed macroscopierebs

vations allowed to identify a corroded structurevasrking
surfaces and in breakage points of the matrix gg.

After analysing the presented material, a finalugiht
occurs. If it is assumed that operation and usith®fpellet
mill/matrix was in accordance with the rules of teehno-
logical process, then the issue of pellet mill gpien could
not have influenced such a rapid matrix damage.

It is assumed that hardening microcracks develgied
the stage of heat treatment. As a result of thege®of ma-

throughout the whole volume of the material. Thpesgpance
of iron and manganese sulphides in the structunmaiérial
could be an aspect that aggravates microcrackintheAsame
time, the phenomena of intercrystalline and pittbagrosion
could occur. The moment of the carrying cross-seatif the
matrix was too small to transfer the loads fromté@hnologi-
cal process, matrix damage ensued.

Source: own work Zrodto: opracowanie wiasne

Fig. 9. Corrosion on working surfaces of the matrix
Rys. 9. Korozja na powierzchniach roboczych matrycy

5. Conclusions

The performed analysis of the technological prectee
obtained information, the collected photographicudoen-
tation, and the analysis of the obtained test teallowed
to formulate the following conclusions:

1. Assuming that the technological process was rediize
the appropriate manner (as far as the parametersegsed
materials, operation, and use of the pellet milttiravere

concerned), it is impossible to damage the matuibing) a

7-day operation cycle, unless there are otherdnddctors
that led to it.

2. A discrepancy in the chemical contents between the

analysed samples and the 3H13 steel.

3. Results of chemical composition tests provided rinfo
mation about an increased sulphur content in nasedf
the analysed samples. Its presence is undesieggecially
in the form of FeS, as binds with austenite to féom melt
eutectics, which cause heat cracking. An additiehainent
includes the possibility of creation of sulphiddsntanga-
nese, which occurs in steel as isolated inclusiosgle
grains, this being the cause of lamellar cracking.

4. The most probable cause of matrix cracking is ap-4in
propriate process of its heat treatment or inapjatp pa-
rameters of this process. Negligence in this arag rasult
in, among others, hardening cracks, or pitting iatetrcrys-
talline corrosion, which lead to a complete damtgé¢he
material. The aforementioned high sulphur contédatukl
also be remembered as it creates compounds thattdea
heat cracking.
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