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1. Introduction

It is well known that the fish-scale formation dretsurface of enamel coated steel products is
caused by appearance and recombination of hydrafjghe sheet-enamel interface. The
hydrogen can be absorbed in the metal during thenehfiring. The tendency for fish-scale
formation in case of the cold rolled Al-killed lowarbon enamel grade steel sheets is
characterized by the hydrogen permeability. Thavhy hydrogen permeation test has been
used for long time to estimate the hydrogen abgwrptapability of steel sheets used for
enamelling.In order to avoid the appearance of fish-scale len énamelled product®er
conventional cold rolled, Al-killed low carbon enahgrad steel the hydrogen permeation

time has to beT =%2 6.7where 1" is the hydrogen permeation time [minjd™“is the

thickness of the steel sheet [mm].

The hydrogen is not homogeneously distributed eéelstas it would be in perfect iron crystal.
In steel various trapping sites exist for hydrogeéoms. Hydrogen will be found not only in
the normal interstitial lattice sites but also toraic and micro-structural imperfections such as
vacancies, solute atoms, dislocations, grain baugglaboundaries of second phase patrticles,
steel-inclusion interfaces and microcavities. Thaggal term for this phenomenon is trapping.
Trapping enhances the solubility of hydrogen butreases the diffusivityd@Silva, 1976,
Pressouyre, 1979, Oriani, 1978, Hirth, 1980, Presseuand Bernstein,1981 Gibala 1984,
Kiuchi és McLellan 1988ylcMahon, 1990San-Martin ,1993; Grabke, 2000

Traps can be characterized by their nature. Soaps wlo not change during of technological
operation (i.e.: solute atoms, boundaries of inohs during annealingpther traps is capable
to change considerably (i.e.: grain boundaries recipitations). However, because of its
complexity, it remains an unsolved problem.

The microstructure of steels differs from the hmlrity iron, so there are other tapping sites
too for the hydrogen. At Al-killed low carbon endrgeade steel sheets, in order to avoid the
fish-scale on the enamelled products, the microsira of the hot rolled strip should be
formed from ferrite and carbide¥€rs, 1999. At these steels the microstructure is formed
from ferrite and large carbides when the coilingperature of the hot rolled sheet is high.

In the pure iron the ferrite grain boundaries tiaggeffect is not clear. After Lee and Ldeé
and Lee, 1986 Ono and Meshii @no and Meshii, 1991the grain boundaris are strong
trapping sites. After Hagi and co-worketdagi, 1979, Choo and YoungGhoo and Young,
1982) are week trapping sites. After Kiuchi and McLallgiuchi., 1986 the trapping effect
of ferrite grains boundaries are negligible. Af@esari and co-workerssgsari, 2002 the
ferrite grain boundaries have medium trapping éf$fen hydrogen. Martinez Madrid and co-
workers observed that the ability of the grain latantes in iron to trap hydrogen is a function
of the grain boundary angle. A coarse grain micuzstire, with high angle grain boundaries
occludes large amounts of hydrogen and has theesiglsusceptibility to hydrogen
embrittlement. Matsumoto and co-workers found adgoorrelation among, grain boundary
energy, grain boundary free volume, and the hydragscentration at grain boundaries under
hydrogen environments: high-energy grain boundarese large gaps, and many hydrogen
atoms are captured at these spaces. Thus, higaagyegrain boundaries are more influenced
by hydrogen. The binding energy between hydrogah the grain boundary is negligible
under the assumption that carbon and nitrogen atom$ully segregated at grain boundaries
at their solubility limit. Therefore, carbon androgen atoms exclude hydrogen atoms from
the grain boundaries, and improve the cohesiveggrarthe grain boundaries under hydrogen
environments



For a long time there has been controversy oveettent of the effect of cold working, as
discussed by MarandeM@randet, 197Y. There was reported that at unalloyed carborisstee
plastic deformation usually increased the total amaf hydrogen occluded, but indicate a
disagreement in the literature over the associayedogen embrittlement phenomenon, many
investigator finding a deleterious effect, others baneficial effect. After Szklarska-
Smialowska and Z. XidSzklarska,1997the presence of dislocations is responsible lier t
hydrogen diffusivity in iron at room temperature. Huang et al.Huang,199% examined hot
rolled type 1020 steel (C=0.18-0.23, Mn=0.3-0.6).tiAs steel H diffusivity decreased with
increasing cold work and levelled out when cold kvoeached 30% to 40%. Keth [14]
observed that the dislocation density increaseth witld work and levelled out when cold
work reached 30% to 40%. Kumnick and John@&mmnick and Johnson,1988udied high
purity iron, deformed by cold rolling at room temateire. After they the trap density in
annealed iron was 8.5x30m?, after 15% cold deformation was 5.9%4/n°, after 30% was 5
x10%4m3, after 40% was 7 xfOm® after 60% was 1.5xf&m°. They suggested that
dislocations in pure iron were the source of thigapping behaviour. P Alexandru(Alexandru,
2004, Alexandru ,2005) observed at cold rolled redmsteel for deep drawing and enamelling
type A3 STAS 9485-80(C < 0.08, Mn=0.2-0.45, Si=0.03-0.08) that afte20% reduction
of thickness appeared fish-scales, and maximum eurob fish-scale/thappeared at 30%
deformation degree. Similarity were observed inrbgen permeability beforé(bert, 19795.

A Juan (uan, 2000; Juan, 2001considered that H accumulation could be less fealde
near a screw dislocation than an edge dislocatiamtivMez-Madrid et alMlartinez-Madrid,
1985 observed that in general the hydrogen contemeased with the degree of cold work at
cold worked iron, but there was a drop in the hgdrocontent of specimens with 5-10% of
cold work. They observed very little scatter in the result fidrogen content for small
amount of deformation, and as deformation incredbese were greater variation in the
hydrogen content. Simonetti et alSifhonetti, 2008 observed the hydrogen does not
accumulate in the neighboring of the carbon. Théara acts such as expeller of hydrogen.
The a/2] 1 1] dislocation creates an energetically favorableeztor accumulation of carbon.
The presences of carbon in the dislocation coreemakfavourable hydrogen accumulation

Research objectives

1. In literature were observed, that, the TH valaes different at different positions of the

coils at Al-killed, low carbon, unalloyed enamelade steel sheets. By EN10209:1996
standard the edge of the cold rolled, Al-killedalloyed, low carbon enamelling grade steel
sheets are the most succeptibile for fish scalmiftg, but the reason were not revealed yet.
What kind of traps are responsable for the longdgen permeation time at DCO1EK and at
DCO4EK steels?

2. The technological operations have complex efdacthe traps, which coexist in the enamel
grade steels. Ther were few data about the colidgaffect on microstucture and om Value

at hot rolled unalloyed low carbon Al-killed stestleets. Appeared the question how change
the hydrogen permeability and the microstructureEBR2 and EK4 steels during the cold
rolling.

3. The hydrogen can be absorbed in the steel dtnemgnamel firing. There were no study

before of the effect of the enamel firing thermgtle on the microstructure and on the
hydrogen permeability of the steel sheets.

4. The enamelled products more or less are coloriahefd before enamelling. In the literature
are lot of contradiction about cold rolling effemt fish scale succesibility. There were the
objective to study the cold deformation effectsTenvalue and on the microstructure of cold



rolled, Al-killed, unalloyed, low carbon enamelliggade steel sheets with different Falues
in delivery conditions.

3. Materials and testing

My theses concern to low carbon, unalloyed, Aledlicold rolled steel sheets type DCO1EK
and DCO4EK (by EN10209:1996 standard), and on tse bmaterial of these sheets: high
temperature coiled EK2 and EK4 hot rolled qualibheets. The hydrogen permeability and
microstructural properties were studied on saméipaos of the hot and cold rolled sheets.

To study of the effect of the microstructure ofidled low carbon enamel-grade steel sheets
on hydrogen permeability different zones of thre& aolled, Al-killed low carbon enamel-
grade sheet steels were examined after annealidgatier skin-pass rolling. Each of the
examined steel sheets was elaborated in LD stewfecter, followed by continuous casting,
hot rolling and pickling. The coiling temperature EK2 an EK4 strips were 730 +15°.Tthe
hot rolled sheets were cold rolled in industriahdition by quarto mill stands at Dunaferr-
Voest Alpine Ltd. The examined coils were anned&tD°C/ 16 hours) in gutter-wound coil,
in bell-type annealing furnace. The annealing waxseded by skin-pass rolling as the steel
would be sold to enamelling companies..

For detailed study of cold rolling effect on thet molled, non alloyed, Al-killed low carbon
strips several samples were cold rolled from: EK2aligy strip in laboratory condition by duo
rolling mill.

To study of effects of enamel firing, from eachdstad DCO1EK and DCO4EK quality sheet
were cut out three specimens each of them in giz®x00 mm. After degreasing they were
joined by laser welding. The specimen receivechia manner was coated with test enamel
slurry and fired at 83T, 5 minutes in industrial conditions. After firinge specimens were
cut by laser. The testing procedures were evaluatethe middle plat from the sandwich
specimens.

The products are cold deformed with differaninnerat enamelling companies before
enamelling. To study the cold deformations effamisthe hydrogen permeability and on the
microstructures samples were cold rolled on sevaiéihg levels by duo rolling mill and
quatro rolling mill in laboratory.

The hydrogen permeation time was determined by BMET-H hydrogen permeability
measuring equipment (developed by Bay Zoltan unstitor Material Science and Technology
together with FQZ Brandenburg) In the DIPERMET-Hvide two carefully degreased
specimen (40x70 mfcan be placed in a measuring cell with sulphacid electrolyte above
them. In 6% HSO, aqueous solution were added 0.5 milligrams/litre;xGAsand 0.3
milligrams/litre HgSQ. As,0O3; added to the sulphuric acid solution preventséicembination

of hydrogen on the surface, while the Hg layer fednon the surface of the sheet increases
hydrogen activity. The used count electrode wag&\Remiconductor-based hydrogen detector
located on the other side of the samples deteetevr passing hydrogen.

The optical microscopically examinations were @rout on longitudinal, transversal cross
sections and parallel to the surface of the sheet bEICA MF-4 microscope. The carbides
morphologies were determined applying Quantimeti&t#pe analyser.

Electron backscatter diffraction (EBSD) was used determine the individual grain
orientations low angels, high angles grain boundawgl characteristic fibres for the BCC
rolling structure. An EDAX-TSL orientation imagingiicroscopy (OIM) system was used
which was mounted on a Philips XL-30 scanning etectmicroscope. The acceleration
voltage was 25 kV. Orientation image maps were ttoated from about 30 000 pixels.

The transmission electron microscopically examorativerw carried aut by an JEOL JEM
200A electron microscope.



The dislocation densities were determined by Xfreaasurements which were carried out in a
special high resolution double crystal diffractoerettype Philips PW 1830, operated at a
rotating cobalt anode with fine focus. The samplese studied parallel with the rolling plane
prepared for microscopically and for EBSD studgia#t new electro polishing.

Short summary of results

Effect of the microstructure of Al-killed low carb@namel-grade steel sheets on hydrogen
permeability

The Ty values of the samples taken from the middle ofl colled coils, and from the middle
of the transversal strips were long; but generthléy T, values of samples taken from the end
or from the beginning of the coils, were much lower
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The T value at different positions of the coils

The microstructures of the samples were formed ffemite, carbides and non-metallic
inclusions. The microstructures of the cold rokdbets were not homogeneous.

At the samples where big massive carbides coulddserved (average areas higher than 4
um?), the hydrogen permeation times were long. Thellsmainded carbides (with average
area smaller than 2m®) have no effect on hydrogen permeability everméytare present in
very big number. When the average carbide sizeabast 2-4um’ the T, values depend on
the number and morphology of the carbides, and/aheére were microcavities in the
microstructure. When the carbides sizes were omageeabout 2-4m* and the amount of
carbides were significant the,; Value were high. In case of reduced number ofidasbTy
values were smallef~@bian, 2008. Moreover microcavities between the carbides ¢dé
observed by optical microscope if the hydrogen g&tion time was long.
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Relationships between the Values Relationships between the, Values
and grain size and carbide sizes

The ferrite grains size has no significant effectT@ value. Although where theyTvalues
were higher, the ferrite grain size were fine, atle case there were massive carbides groups,



and between the carbides could be detected mistiiesa Where the ferrite structures were
coarse-grained, there were lots of small discreiides, which did not form groups, and
between the carbides there were no micro-cavitieshydrogen permeation time was long.

Cold rolling effects on EK2 hot rolled steel sheetsnicrostructures and on
the Ty values

Studying the cold rolling effect on thydrogen permeabilitgf the EK2 type hot rolled sheets
were observed theTy values increase 120 * EK2 lab cold roling
exponentially by the thickness reduction as ]
result of the parallel microstructural chang¢ =
during the cold rolling process. Th¢ sof

100

THek = 0,7438°%%

® EK4 ind cold rolling

microstructure of the hot rolled EK2 shee A EK4- ind cold
was formed from ferrite(98+1%) and larg : FEMUC

massive carbides (2+1%). The non ferrof 40
inclusions were 0 anddrade of oxides. 20

Up to 31% reduction of thickness n 04
significant changing in the microstructur
was observed, but already after12% it
could be discern a few cracks in some of tt
carbides Studying by orientation image maps wagmks that hot rolled steel is untextured.
Still 31% reduction of thickness were not obserseghificant changing in the microstructure
by microscope, but the pole density of <1ﬂ1\1=D texture increase still this level of
deformation and theTvalue increase with the thickness reduction afdter €=37% were
observed numerous fragmented carbides and mictes\between them. The intensity of
<111>||ND texture decrease comparing with the texturepetanen aftee=31%. Ate=51%
each coarse carbide has became fragmented. Asatiradntation of the carbides increase in
number the randomly oriented measured points dgyantirease.

The cold rolling effect on theyvalue
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The ratio of (fragmented carbides)/(total The ratio of (fragmented carbides)/(total
carbides) as the funon of deformatioi carbides) effect onw value

When each of the carbide was fragmented increatiegleformation level increase as the
intensity of <111:|=|ND texture such the hydrogen permeation time. Thhee Ty value
increse linear with <111,ND texture intensity
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The effect of the cold rolling on texture and hypne permeability at EK2 strip

During the cold rolling the dislocation density &0
increased from 18 m? magnitudes to more|  so | -
than two magnitude order&abian, 2010a) 40
The Ty value stil € <60% increase 30 |
exponential by dislocation density 20 |
To distinguish the dislocation density trappin ;|
effect from the other trapping sites wer o ‘ |
measured the hydrogen permeability (¢ 0 2 4 w §
specimens cold rolled in industrial conditio p [x107m~]
and treated in enamel firing condition. The T
value of heat treated samples, after hi
deformation degree, decrease tg Value of

cold rolled samples with =30% cold rolling degree

TH=0,51e0.%°
R? =0,956

Th

The dislocation density effect op Value at
EK2 hot rolled ste«

Effect of a firing thermal cycle on the microstrucure and on the hydrogen permeability
of Al-killed low carbon, unalloyed, enamel-grade steel sheets

The hydrogen can be absorbed in the metal duriagetiamel firing. There were studied the
samples studied before after anneallingptification: @ and aftere skin-pass rolled
(notification: g in the middle of the coilss@mples notification: Mand from the ends@mples
notification: E) as in the middle samples notification: insuch at the edgesgamples
notification: @ of the transversal bands of sheets. Generally aftamel firing thermal cycle
the normalised hydrogen permeation time were hitjeam before firing. After fireing each of
the skin-pass rolled sampelg falue was higher than 6.7 minutes
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aTH beforg Ifiring ® @ TH before firing S 60 Coit €
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Effect of enamel tfireing thermal cicles oy viiues
a)Coil A with 0.7 mm thickness b)Coil B with 0.8 thimkness
c¢) Coil C with 1 mm thickness

During enamel firing thermal cycle the microstruetof the samples changed. After firing we
could not develop big groups of massive carbidemicrostructure. The microstructures

8



consist of ferrite, fine lamelar pearlite, sometiméero-cavity, cementite films on the grain
boundaries, a few not transformed massive carladesnon-metallic inclusions. After firing
the ferrite grain sizes of the samples became nmaiferme.

By transmission electron-microscopical study welbseved fine (diameters are smaller than
~100 nm) disspersed precipitates inside of fegrans. The pearlite colonies at ferrite grain
presented fine lamellar structure (the cementite toe ferrite layers thickness were ~20-
60 nm).

Cold deformation effects of DCO4EK steel sheets

There are lot of contradictions about cold rolleféect at Al killed , low carbon enamel-grade
steels on hydrogen permeability, fish scale subddyi

For comparability of various kinds of cold deformoat were used the comparative
deformations, which were calculated by:

0 =%\/(¢x -0, L e, -0 F (0. -0.)

At the specimens DCO4EK/1mm, where in
delivered state the average Value was 300

about 20 minutes, the fragmented carbides 250 & DCO4EK/1mm fransver
were situated at ferrite grains boundary, the 200 = DCO4EK/mM fona.

Th value increased with the degree of cold F 150

work. There was very little scatter in the| "2 }_In_l{

result for T value for ¢=0-0.7. At 0" | | | ‘
samples, with@>0.7 the T, value in each 0

0,5 1 1,5 2 ¢ T2,5

case was higher than 50 min.
During of the cold ro”ing Cold rO”ing effect on Ivalues at DCO4EK/1mm
ofDCO4EK/1.5 mm specimens, with low sheet with =0 ~20min

Tw value in delivered condition, where the

carbide were small and round with size

under 2um?, and were situated inside of the ferrite graifi®raslightly deformation level the
trapped hydrogen quantities decrease similar tgtine iron Martinez-Madrid, 1985).

In case of sheets with averagge Value ~ 10 minutes in delivered state the colaaheétion
effects on T value were absolutely different. During of thedoblling there appear local
maximums and local minimums inyTvalue. The most interesting case appeared at
DCO4EK/0.99 mm sheet, where the average carbigevsis 2-41m?, and the carbides were
situated inside of ferrite grains. At DCO4EK/0.9¢nmsheet afterp;=0.21 comparative
deformation the average;Value was 12.7 min/mMmafter¢=0.34 the T, value decreased to
6.2 min/mni.) There were no scattering. Measuring the micrdmess it was observed that at
these samples increasing the deformation degreease the hardness.
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Studying the dislocation densities determined bga)X-measurementnd the T, value of the
samples there were observed that thevdlue increase or decrease with dislocation dessit
At the local minim in T value (=0.34,¢,=25%) the dislocations character was screw; at
each other samples the dislocation character wasdni

5 20| —*—p 20
& 4 —=—TH °
3E N + 15 &15 1 /
4 T d
Sz 1047 10 : ®  Tu=746Inpl0M + 7,74
X 1 T° 51 RF=0,7556
o | | _ 1o o | ‘ ‘ |
0 0,2 0,4 0‘6¢t 0 1 2 3 o(x 108 mz 8
Cold rolling effect on the dislocation The dislocation density [f} effect on T
density of DCO4EK/099 sheet and qn T value at DCO4EK/099 sheet
value

Studying the cold rolling effect on texture parkllgith the rolling plane at samples
DCO04EK/0.99 mm at the beginning of the deformatigms0-0.51) the <111H>ND texture
intensity increase and decrease in similar wayhagi value

DCO4EK/0.99 mm = <111>]|ND 20
. 30—+ <101ND Ty = 3,36 (<111> || NID)- 4,48 3
—g— <001>]|ND 154 p2 -

6 T 25— THgen R®=0578 f

5 120 S04
- =10 ¢
g 4 - 15
%‘ 3 T 51 %
9:3 2
£ 1

0

55 6 6,5
<111>|ND

Cold rolling effect on the texture of The <111>|| NID pole denity effect on the of
DCO4EK/099 sheet and o Value on Ty value DCO4EK/099 sheet

Theses

Thesis f!
| have concluded that between the permeation tinmgdrogen (T;) and the microstructure in
case of DCO4EK and DCO1EK type steel sheets:

- if the average area of carbides is bigger thamZin the polished plane, the Value
Is longer than 35 minutes, which clearly satisfiae conditions of scale-free enamel
ability, where T, is> 6.7 minutes as for the MSZ EN 10209: 2000.

- if in the polished plane the average area offthetured carbides is between 2w,
the normalized permeation time of hydrogen charmgdeen 3.3 to 43.5 minutes. Thg T
value is longer if there are microcavities betwtencarbides.

- if in the polished plane the average area ofctimbides is smaller thamu@?, the TH
value is shorter than 25 minutes. In this case,Tthealue is irrespectively of the size of
the carbide/ferrite interface per unit surface area

- in case of those samples, of which the ferrifgetgl grain size degree is smaller than
G6 (dn> 44.2 mm), moreover, small, rounded carbides @fobnd inside the ferrite, the
Ty value is shorter than 25 minutes.

(Fabian, 2004a; Fabian, 2005; Fabian, 2006a; Fahian2008a; Fabian, 2008b )
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Thesis 2°
| have concluded that during the cold rolling pssef the EK2 type hot rolled sheets, as a
result of the parallel microstructural changesThevalue exponentially increases according to
the following equation:

T4=0.743.80%% (R=0.99)
whereeg [%] is the decreasing of the thickness of the shee
By using the comparative complete deformatioy) {he value of T can be calculated by the
following equation:

Ty=1.29-82% (R=0.98)
I have found that during the cold rolling procdss éffect of microstructural changesto the T
value is that:

- in case of cold rolling of EK2 type steels, thercavities evolved by the fractures of
the carbides play a determining role in the tragmhthe hydrogen. The hydrogen traps
(dislocations), which were evolved by cold rollirapd can be eliminated by heat
treatment, have perceptible effect i# 30% and ¢;> 0.41);

- in case of cold rolling of EK2 type steels, 1% decreasingp(= 0.84), the T value
increases linearly with the ratio of (fragmentecbades)/(total carbides):

T, = 023Dfragmentedc_arbideer 022 (R=0.98)
total carbides
Above this threshold limit, practically all of tlearbides are broken.
- in case of cold rolling of EK2 type steels, tk60% (p:<1) between the Jvalue and
dislocation densityp) the following equation can be used:
T, = 051[@%0%2™ (R=0.97)
where the dislocation density firwas determined by CMWP method.

| have concluded that in case of cold rolling of E&pe steels, the evolving cracks in the
carbides and on the ferrite/carbide phase bourslgémetrate only to those ferrite grains,
which contact directly with the carbides.

(Fabian, 2006b; Fabian, 2007; Fabian, 2008a; Fabian2010a; Fabian, 2010b;
Fabian, Szabo, 2010, Fabian és tarsai, 2011)

Thesis &

| have determined that in case of the deliveryesEXCO4EK and DCO1EK type steels, as a
result of the 850°C and 6 minutes long enameldifimllowed by cooling, the ferrite-carbide
microstructure became partially austenitic, anddater modifying into ferrite (96 £ 1%),
with many fine (diameters are smaller than ~100 prekipitates and pearlite (4 + 1%) with
thin lamellar structure (~20-60 nm layers thicknebsthe microstructure of the enamel fired
samples a small amount of not-transformed carbate e found, but microcavities can be
detected as well, especially in the surroundingbhefperlite colony.

The Ty value of the skin-pass rolled sheets after thedifor all cases complies the fish scale
free enamelling condition by the MSZEN10209: 20@éndard(Ty >6.7 minutes). The long
hydrogen permeation time at fired samples are edshy the incoherent interface of the fine
(less than 100 nm diameter) dispersed carbidesthatlierritic matrix and by the increasing of
the semicoherent interfaces between the ferritecanutkentite layers with 20-60 nm thickness
inside of the perlite.

(Fabian, 2004)
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Thesis 4"
| have concluded that after cold deformations of OBEK steel sheets the hydrogen
permeation time is in connection with the pole dgraf (111) || ND texture, with dislocation
density and the type of dislocations. At DCO4EK etheith average hydrogen permeation
time ~10 minute in case of the delivery state, molv microstructure the spherical carbides
with 2-4um? area are not necessarily on the ferritic grain banies and the volume of the
microcavities is not significant, where aft¢=0.21 cold rolling level £,=15%) measured
12.7 minutes averageyvalue, afterp=0.34 £,=25%) deformation decreasing to less, than
the half (6.2 minutes) the relationship betveenThevalue and pole density ¢ill) || ND
texture and the dislocation densities are:
— betweenp;=0-0.56 £,=0-40%) the T, value increases linearly with the pole density
volume of the (111) oriented rolled surface asftiiewings:

Tu=3.36-x- 4.48 (R=0.76)
where x is the <111|:|>NI orientated relative pole density of the s congplato the
randomly oriented measurement situation.

— between(=0.21-0.66 £,=15-46%) deformation, near the <1i¥l pole density
adequate changing the dislocation dengityym?] determined by X-ray diffraction
measurements influences thgvialue as the followings:

Ty = 7.466 Inp10™ + 7.74
The correlation coefficient: R = 0.87
— betweene=0,21-0,66 the observed minimum value ¢fi¥ in connection with the
increasing ratio of the screw dislocations. Thiswweaoven by the value of the connected
point g=2,7 by CMWP method.

(Fabian, 2010a; Fabian, Szabo, 2010; Fabian ésaar2010; Fabian, 2011,
Fabian és tarsai, 2011;)

Publications connected to theses

(Fabian, 2004 a) Fabian EhilRéka, Déveényi LaszIO:A kis karbontartalmu, aluminiummal
csillapitott, oOtvozetlen acéllemezek szovetszedmzle hatdsa a lemezek
hidrogénatbocsaté képesseger@hyagok Vilaga 2004

http://www.kfki.hu/~anyag/tartalom/2004/dec/02_FR.. pdf

(Fabian, 2004 b) EnikRéka Fabian, Balazs \grLaszlo Dévényi, Hans SchneidgEffect of
a Firing Thermal Cycle on the Microstructure and the Hydrogen Permeability of
1.0392 Enamel-Grade Steel ShgeBsoceedings of the IVth Conference on Mecanical
Engineering; Gépészet 2004, negyedik Orszagos @éfpdsonferencia, Budapest,
2004. méjus 27-28

(Fabian, 2005) Enik Réka Fabian, Balazs Mer Laszl6 Dévényi: Effect of the
Microstructure of Al-Killed Low Carbon Enamel-Grad&éteel Sheets on Hydrogen
Permeability”, Materials Science, Testing and Informatics, Traeshl Publications
Ltd, Switzerland, 4th Hungarian Conference on MateScience, Testing and
Informatics, Materials Science Forum 473-474 (2008)1-206, (IF=0.399)
http://www.scientific.net/MSF.473-474.201

Fabian, 2006 aFabian Enik- Réka, Laszl6 DévényiThe Carbides Effects on the Hydrogen
Permeation Time of the SteelsProceedings of the M Conference on Mecanical
Engineering; Gépészet 2006, ISBN 963 593 465 3,p:86t122.142.806/pdf/
fabian_the carbides effects.pdf
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(Fabian, 2006 b)Fabian Enik6 Réka: ,Sarokpontok a kis karbontartalmu, oOtvozetlen
lagyacélok hidegalakitdsa soran a J érték szempontjabdl” Erdélyi Muzeum
Egyesilet kiadvanya; tzaki tudomanyos flizetek; Fiatalibkakiak Tudomanyos
Ulésszaka XI., 2006; 89-92. oldaktp://hdl.handle.net/10598/15020

(Fabian, 2007) Enik- Réka Fabian, Laszl6 DévéenyHydrogen in The Plastic Deformed
Steel”, Materials Science, Testing and Informatics lltais Tech Publications Ltd,
Switzerland; Vols. 537-538 (2007) pp. 33-4Qtp://www.scientific.net/MSF.537-
538.33

(Fabian, 2008aEniké Réka, Fabian; Balazs, \er,Effect of the Microstructure of Al-Killed
Low Carbon Enamel-Grade Steel Sheets on Fish-$@alaation”, XXI International
Enamellers Congress Technical Papers, ShanghaaClpn 293-304.www.iei-
world.org/downloads/congress _pdf/EnikoReka.pdf

(Fabian, 2008bFabian Enik- Réka Hidrogén csapdak a kis C tartalmu acelokbaktdélyi
Muzeum Egyesulet kiadvanya; iglzaki tudomanyos flizetek; Fiatal iiskakiak
Tudomanyos Ulésszaka XlIl. Nemzetkozi Tudomanyosféencia;. 2008 p. 81-84,
ISBN 978-973-8231-75-7,
http://hdl.handle.net/10598/14799

(Fabian, 2010aEnik6-Réka Fabian,Cold Deformation Effect on Microstructure and amg
Hydrogen Permeability of Low-carbon Steels¥aterials Science Forum, 659: pp. 7-
12. Paper MSF.659.7. (2010nww.scientific.net/MSF.659.7

(Fabian, 2010b) Fabian Enik Réka: A hidrogén hatasa a hidegenhengerelt, kis
karbontartalmu, 06tvozetlen acélokra”Erdélyi Magyar Miszaki Tudomanyos
Tarsasag, XVIl. Nemzetkozi Gépészeti Talalkozo, Wieagya, 2010 aprilis 22-25;
OGET 2010 ISSN 2068-1267 p. 125-128

(Fabian, Szabd, 2010abian E.R., Szab6 P.,Effect of Texture on Hydrogen Permeability
in Low Carbon Al-Killed SteelsMaterials Science Forum, Vol. 659: pp. 301-306.
(2010),www.scientific.net/MSF.659.301

(Fabian és tarsai, 201(nik6 Réka Fabian, Gabor Csiszar, Tamas Ungar, Lasalé@ny&

» 1he Dislocation Density and the Dislocation ChaeacEffect on the Hydrogen
Permeability of Low Carbon Enamel-Grade SteeProceedings of the Seventh
Conference on Mecanical Engineering; 2010 Budapggstgary; CD-ROM; ISBN
978-963-313-007-0, 106_fabian.pdf; p. 754-762

(Fabian és tarsai, 201Bniké-Réka Fabian, Gabor Csiszar, Tamas Ungare Dislocation
Density and the Dislocation Character Effect on khalrogen Permeability of Low
Carbon Enamel-Grade SteelAnyagok Vilaga 9:(2) pp. 1-9. (2011),

http://www.kfki.hu/anyagokvilaga/tartalom/2011/défan_1.pdf

(Fabian, 2011)Fabian Enik Réka:,A marad6 alakvaltozas hatasa a DCO4EK @8Bgi
aceélok pikkelyesedési hajlamareErdélyi Muzeum-Egyesdulet, (fdzaki Tudomanyos
Flzetek) 2011, Vol. XVI pp. 91-95. Paper 88, FiaMliszakiak Tudomanyos
Ulésszaka, Nemzetkozi Tudomanyos Konferencia, Kasaz Romania, 2011.03.24-
2011.03.25;http://hdl.handle.net/10598/13991
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