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1. Akmyananocm na pazpadomeanus ¢ OucepmayuoOHHUs MpPyo npoodIem

Ilenta Ha aucCepTAlMOHHMS TPy € IMOJy4YaBaHE M H3CJICABAaHE Ha CTPYKTypaTa M CBOWMCTBaTa Ha
ChCTaBU OT BUCOKOXPOMOB OsUT UyTYH, JOIBIHUTEIHO JISTUPAH C Pa3IMYHO KOJHUecTBO O0p. OT JsTO
U TepMOOOpabOTEHO CHCTOSHUE Ja ce M30epe BHCOKOXPOMOB, TOMBIHHTEIHO JIETHpaH ¢ Oop Osut
YYTYH ChC 3HAYUTEIHO IO-BHCOKA M3HOCOYCTOMYMBOCT B CPABHEHHME C TPAIMIIMOHHO H3MOJI3BAHUTE
CrutaBd, paboTemM B yCIOBHUS Ha YAapHO M yAapHO-aOpa3suBHO m3HOcBaHe. OcobOeHo eheKTHBHO e
KOMILJIEKCHOTO JIETHpaHe, KOETO BIIHsIe KAKTO BbPXY XapaKTepa Ha eBTEKTHYHATA KOMITO3MIIUS, TaKa U
Ha MHKPOCTPYKTypaTa Ha MeETajlHaTa OCHOBAa Ha 4YyryHa. BCHYKO TOBa, ChYETAHO C TE€pMUYHATa
00paboTKa JaBa B3MOXKHOCT J1a OBbJAT MONydeHH OCITM YyTYHH C TIPEJABAPUTEIIHO 33/1aJICHH CBOWCTBA.
dopMyIHpaHETO HA OCHOBHHUTE 33/[a4ll KATETOPHUYHO OHPedem aKmyaiHoCmmd, 3HAUUMOCIMA U
oucepmaduIHOCIMma Ha memMama U Ha Camus OUCEPMAUUOHEH MPYO KAmo yauio.

2. Cmenen_Ha_no3Hasane HA_CHLCHIOAHUEMO HA _Npoldiema u_Mmeop4yecka UHMEPnpemauus Ha

JUMEPAMYPHUA Mamepua.

JlucepTalmoOHHUAT TpyA € B 06eM ot 129 crpanunu u BkiouBa 6 rmasu, 64 ¢durypu u 25 tabmunu. Ot
u3non3BanuTe o0mo 153 nureparypHu HM3TOYHUKA, OT KOUTO 68 ca Ha KHUpWIMIA, KAaKTO M OT
WHTEpIIPETANMSITa HA JIMTEPATYPHHSI MaTepual W aHaliu3a Ha CKCIECPUMEHTATHHUTE pPE3YyJITaTH Ce
BIDKIA, Y€ OOKMOPAHMDBM € HANDBIHO 3ANO3HAM U 0C6C0OMEH 3d CbCHOAHUEMO HA npoodnema,
KaKmo 6 meopemuueH, maKd u 6 NPaKmu4ecKu acnexkm..

3. Cvomeemcmeue na u3opanama mMemoouKa Ha U3C1e08aHe U NOCageHama ueil U 3a0a4u Ha
oucepmayuoOHHUsL Mpyo ¢ HOCHMUZHAMUINE NPUHOCU.

N3non3Banu ca peauna u3ciedosamencku MemoouKu, Memoou u mexHoa02uu, Kato:

SIkoctTa Ha orpBane (Rmi) Ha 0OpasiyTe OT U3CIICABAHUTE LIECT IUIABKH € ONpeeisiHa, Oa3upaiku ce
Ha BJIC EN ISO 7438:2016.

MeToauka 3a onpeneisine Ha ynapHara skuiaoct (EN 10 045: 2017)

VY napHara >KUJIaBOCT € oIpeJiesisiHa ¢ paboTara, U3pa3xoBaHa 3a MOoJIy4yaBaHe Ha JIOM IOCPEACTBOM
yyk (uyk Ha [llapnu) Ha oOpasel] OT AajeH THIl, OTHECEHA KbM pabOoTHATA IUIOI HAa HAPEYHOTO
CEYEHHUE B MACTOTO Ha IIPOpeE3a.

MeToanka 3a MUKPOCTPYKTYPEH aHAJIN3

MUKpOCTpYKTYPHUST aHAIN3 € U3BbpIIeH Ha MeTanorpadcku Mukpockon NEOPHOT 32.
MeToauka 3a onpeneisine Ha TBbpaocT (BAC EN 6508-1: 2016) o Poksen (HR).
KadecTBeH M KOJIMYeCTBEH PEHTIeHOCTPYKTYPEH aHAJIN3

3a MpoBeXkIaHETO Ha KaUeCTBEHUST PEHTTEHOCTPYKTYPEH aHAIU3 Ha 00pa3ly OT Osul YyT'yH, JIETUPaHU
¢ 6op e m3nomsBan pentrenoB audpakromersp BRUKER D8 Advance B cuMeTpuYeH pexXHM Ha
JBIDKEHUE Ha M3JIbUBaTelNsd (PEHTreHoBa Tpb0a) M JAeTeKTopa. 3a KOHKPETHHs Cllyyail e M3Moj3BaHa
Tpb0a c XpOMOBO JbueHHUE, rojemMuHa Ha Toka 40 mA u Hampexenue 30 kV. da3zoBusir ananus e
npoBesieH B nuamna3oH oT 50° mo 160° 3a bren 20, cbe crhnka Ha HapactBane 0,1° u Bpeme Ha
3abpp)KaHe BBB BCsAKA CTHIKA | s. 3a ¢a3oB aHaIM3 Ha MONydeHHTE AU(PAKTOrpaMH € M3IMOJI3BaH
cniermammsupan copryep Ha BRUKER — Diffrac.Eva V5.2, mocpencrBom Crystallography Open
Database (COD). KoauuectBenusar ¢Ga30oB aHadW3 € H3BBPIIEH MO Meroma Ha Pursenm. OT
U3JI0KEHOTO B JIUCEpTAIMATA C€ BUXK/IA, Y€ aBTOPHT € UMaJl Bb3MOXKHOCT Jla aHaJIM3upa nH(popMmarus,
MOJTy4YeHa C MOMOIITa Ha HM3CIIEOBATEIICKH METOAMKH, METOJIU U YPEIH, KOETO MYy € TIO3BOJIHIIO Od
odocmuzne 00 0000uenuA U U3600U, KOUNMO 38yuam yoeOumeaHo u He no0aeHcam Ha CbMHEHUe.



4. Hayunu u/uiu nayuynonpuiodiciy RPUHOCU HA OUCEPIMAUUOHHUA MDYO:
[IpuHOCHTE HA AUCEPTAIMOHHUS TPYHA, CHIIACHO KIacHU(PUKANUATA HA OKTOPAHTA, OTHACIM
KbM CIICTHUTE TPYIIH:

A. Hayunu npunocu

1. YcTaHOBEHO €, 4e TOMBbIHUTEIHOTO JIETUPaHe ¢ 00p Ha BUCOKOXPOMOB OsiJT UyT'YH C MOJICBTEKTHYEH
cbeTaB 13.1Cr—3.1C—1.1Mo npoMeHsi MUKPOCTPYKTypaTa Ha YyryHa B JISITO ChbCTOSTHUE TIO CIICTHUSAT
Ha4MH: B yyrynure 6e3 6op, ¢ 0,18%, 0,23% u 0,59% B, MukpocTpyKkTypara € mo/IeBTeKTUYHA;
YBEJIMYaBaHETO ChAbpKaHueTo Ha 6opa 10 0,96 % u 1,25% nobnuxaBa MUKPOCTPYKTypaTa [0
€BTEKTHYHATA.

2. Jloka3zaHo e, ue IIpH yBeJIMYaBaHe ChIbpKaHUETO Ha Oopa ce popmupar aBa Buaa kapouau Cr7Cs u
Cr23Ce , KOHTO Ca ¢ pa3IuuHa MUKPOTBBPAOCT, KATO OCBEH TAX B CTPYKTYpaTa Ha MOJy4eHUS IyTYH
ca HAJIMYHU CIEAHUTE chenHeHus Ha 6opa: FeoB, CrsBs, CrB, FeB u Fe23Be.

b. Hay4dHo - ipuioXHu IPUHOCH

1. YcraHoBeHO €, ue HaJTMYHUTE B CTPYKTYypaTa Ha U3CJIeABAaHUTE YYT'YHH JIBAa BUIa KapOUIM HA Xpoma
(Cr7C3 1 Cr23Cs) u chemunenus Ha 6opa Fe2B, CrsBs, CrB, FeB, FezsB, chiiecTBeHO BIUSAT BHPXY
M3HOCOYCTOWYMBOCTTA HA TE3U YYT'YHH.

2. [Tony4eHu ca eKCEpUMEHTATHH 3aBUCMOCTH 32 BIMSHHETO Ha 00pa BbPXY SKOCTTa Ha OT'bBaHE
Rmi, ynapnara sxxunaBoct KC, tBepaocrra HRC u mukpotBbproctra HVo 1 Ha MeTanHaTa OCHOBA U
kapOunHara ¢aza. YcraHoBeHa € Haii-Bucoka yaapHata kuiaBocT KC B uyrynac 0,18 % B (KC =
1,88 J/cm?) u Haii-BuCOKA SKOCT HA orbBaHe Rmi B uyryHa ¢ 0,23 % B ( Rmi = 660,85 MPa ).

3. YcTaHoBeHa € 3aBUCUMOCTTA Ha BIUSHUE HA peXUMa Ha TepMHUYHATA 00padoTKa 3aKajsiBaHE OT
850 - 1100°C Bbpxy TBBpHocTTa HRC Ha 9yryHuTe C pa3inyHO ChIbpXKaHUE HA O0P.

4. YcTaHOBEHO €, 4e UyyryHsbT, Jierupat ¢ 0,18 %B cien neene u nocneapaiia TepMuyHa 00paboTKa,
cheTosma ce B 3akansiBane oT 950°C u cnenpaimo otBpbinane npu 200°C uma Haii-Bucoka abpa3uBHA
M3HOCO- YCTONYHUBOCT.

B. IIpuiioxxau npuHOCH

1. PazpaboTenu cau ca IOJy4YeHH MET HOBH ChCTaBa BUCOKOXPOMOB OSUT UyTYH, JOIIBJIHUTEITHO
nerupat ¢ 6op B konuuectna 0,18%, 0,23%, 0,59%, 0,96% u 1,25% c BUCOKM MEXaHUYHU U
€KCIUIOATal[MOHHU CBOICTBA.

2. Jloka3aHo € B peaqHu paOOTHHU yCIOBHSI, Y€ OTJIETUTE JIOMATKH 3a APOOOMETHHU MAaIIHHHA OT
BHCOKOXpoMOB Osu1 uyryH ¢ 0,18% B, nmopmoxenn Ha ynapHo-aOpa3uBHO M3HOCBAHE, IPUTEXKABAT MO-
BHCOKa U3HOCOYCTOMYMBOCT IIPU KOHKPETHUTE €KCIJIOATAIIMOHHH YCIOBHUS OT TPAAUIIMOHHO
n3non3BaHaTa Mapka uyrydn MUYX28H2, ¢ koeto ce g0ka3Ba, ue BUCOKOXPOMOBUST OsT UYT'YH C
0,18%B moxe na Ob/1e HEroB 3aMECTUTEN B IPOM3BOACTBOTO HA JAETAMIN C MOJA00HO MpelHa3HaueHHe.
3. IIpu abpa3uBHO W3HOCBAHE Ha OTJIETU AETAWIIM 3a IUIAMOBU ITOMIIH, HU3HOCOYCTOWYMBOCTTA Ha
BHUCOKOXpoMoBus 0su1 uyryH ¢ 0,18% B mpeBb3xoxkaa 1,7 mbTH Ta3u Ha TPAAUIIMOHHO U3MOJI3BaHATA
Mapka uyryH MTUX28H2.

4. Ilpu excruioaTanus B peasiHd paOOTHH YCIIOBHS Ha U3paboTeHu oT uicnenanus yyryH (Coetas 1)
301 32 pabOTHOTO KOJIEJIO HAa pOTOPHHU Oarepu 3a TI0OWB Ha BBIVIMINA € ycTaHOBeHA 51% 1mo-Bucoka
M3HOCOYCTOWYMBOCT Ha ChbCTaBHUTE 3b0U, ChCTOAIIM CE€ OT ,,KOPOHKA™ OT JIErHpaH ¢ 60p
BHCOKOXPOMOB OsJ1 YyI'YH U CTOMaHEHa ChpIIEBUHA,

3. Ilpeuenka na nydaukayuume no OucepmayuoOHHus mpyo

B®B Bpb3Ka ¢ nucepranuara ca myoluKyBaHH 6 CTaTWM, OT KOUTO €HA € CaMOCTOSTEeNHa, a JBE ca
pedepupanu u unaexkcupand B SCOPUS. CuurtaMm, ye myOaMKauuTe OTpa3siBaT OCHOBHUTE MOMEHTH
OT JAMCepTalUsITa U Y€ HAyYHUTE OCTHXKEHHS Ha aBTOpa Ca OTVIACEHH JOCTAThYHO IIMPOKO HE CaMoO Y
Hac, HO WM B Yy)XOWHa. 3acera He ca MM W3BECTHH IHMTHPAHUS BHB BpB3Ka C MyOJUKAIMUTE Ha
JIOKTOPAHTA.




6. Muenus, npenopvku u 0eiexcKu

OcBeH HAKOHM penakinunoHHu 3abenexku (karo wamp. ,,JIEJITA“ Bmecro ,Ilenra® (ctp.47) u
p.), HIMaM 3a0€NIeKKH 110 CHIIECTRO.

J3AKJ IOYEHMHE: Kato uzxoxjaaMm OT IOCOYCHUTE MO-TOPE NMPUHOCHKM MOMEHTH Ha
JTUCEPTAlMOHHUSA TPYJ, OT HECbMHEHaTa TEOPETHYHA M IPAKTHYECKAa 3HAUYMMOCT Ha IOJyYEHHUTE
pe3yJITaTh, CU Mo3BoJjsiBaM Ja npenopbyaM Ha [lountaemoro HAYYUYHO KYPU na npucbau Ha mar.
nHxK. Kpacumup AranacoB Kupos o0pasoBarennara u HayyHa creneH “ JJOKTOP ™.

19.06. 2024 r. YJIEH HA XKYPUTO:

/Mpod. a-p A. Bennxos/



REVIEW

on a doctoral thesis for awarding the educational and scientific degree "Doctor"” (PhD)

Topic of the doctoral thesis “HIGH CHROMIUM WHITE CAST IRON, ALLOYED WITH
BORON «
PhD student: MSc Eng. Krasimir Atanasov Kirov

Member of scientific Jury: Prof. PhD. Eng. ANGEL MARINOV VELIKOV

1. Relevance of the problem developed in the dissertation work

The aim of the dissertation work is to obtain and study the structure and properties of compositions of
high-chromium white cast iron, additionally alloyed with different amounts of boron. From the cast
and heat-treated state, to be selected high-chromium, additionally alloyed with boron white cast iron
with a significantly higher wear resistance, compared to the traditionally used alloys operating in
conditions of mpact and impact-abrasive wear. Particularly effective is complex alloying, which
affects both the nature of the eutectic composition and the microstructure of the metal base of cast iron.
All this, combined with the heat treatment, makes it possible to obtain white cast iron with
predetermined properties. The formulation of the main tasks categorically determine the relevance,
significance and dissertability of the topic and of the dissertation work itself as a whole.

2. Degree of knowledge the state of the problem and creative interpretation of the literary material.

The dissertation work is 129 pages long and includes 6 chapters, 64 figures and 25 tables. From the
used, totally, 153 literary sources, 68 of which in Cyrillic, as well as from the interpretation of the
literary material and the analysis of the experimental results, it can be seen that the doctoral student is
fully familiar and aware of the state of the problem, both in theoretical and practical aspects.

3. Correspondence of the chosen research methodology and the set goal and tasks of the dissertation
work with the achieved contributions.

A number of research methodologies, methods and technologies were used, such as:
The flexural strength (Rmi) of the specimens from the six investigated melts was determined based on
BDS EN ISO 7438:2016

Methodology for determining the impact toughness (EN 10 045: 2017)

The impact toughness is determined by the work, spent for obtaining a fracture by means of a hammer
(Sharpy hammer) on specimen of a given type, referred to the working area of the cross-section at the
location of the notch.

Methodology for microstructural analysis

Microstructural analysis was performed on a NEOPHOT 32 metallographic microscope.
Methodology for determination of hardness (BDS EN 6508-1: 2016) according to Rockwell (HR).
Qualitative and quantitative X-ray structural analysis

A BRUKER D8 Advance X-ray diffractometer was used in the symmetric mode of movement of the
emitter (X-ray tube) and the detector for making the qualitative X-ray structural analysis of boron
alloyed white cast iron specimens. For the specific case, a tube with chromium radiation was used,
with a current of 40 mA and a voltage of 30 kV. The phase analysis was performed in a range of 50° to
160° for an angle of 20, with step of increment 0.1° and a hold time of each step of 1 s. BRUKER's
specialized software - Diffrac.Eva V5.2, using the Crystallography Open Database (COD), was used
for phase analysis of the obtained diffractograms. Quantitative phase analysis was performed using the
Rietveld method. From what is presented in the dissertation, it can be seen that the author had the
opportunity to analyze information obtained with the help of research methodologies, methods and
devices, which allowed him to reach generalizations and conclusions that sound convincing and are
not subject to doubt.



4. Scientific and/or applied scientific contributions of the dissertation work:
The contributions of the dissertation work, according to the classification of the doctoral student, |
refer to the following groups:

A. Scientific contributions

1. It was found that the additional boron alloying of high-chromium white cast iron with subeutectic
composition 13.1Cr-3.1C-1.1Mo changes the microstructure of cast iron as follows: in cast irons
without boron or with 0.18%, 0.23 % and 0.59% B, the microstructure is subeutectic; the increasing of
boron content to 0.96% and 1.25% brings the microstructure closer to the eutectic.

2. It has been proven that when the boron content increases, two types of carbides Cr7Cs and Cr23Ce are
formed, which have different micro-hardness, and in addition to them, the following boron compounds
present in the structure of the obtained cast iron: FezB, CrsB3, CrB, FeB and Fe23Bs

B. Scientific - applied contributions

1. It was established that the two types of chromium carbides (Cr;Cz and Cr23Cs) and boron
compounds Fe>B, CrsBs, CrB, FeB, Fe23B, presenting in the structure of the investigated cast irons,
significantly affect on the wear resistance of these cast irons.

2. Experimental dependences were obtained for the influence of boron on the bending strength Rmi,
impact toughness KC, hardness HRC and micro-hardness HVo.1 of the metal base and the carbide
phase. The highest impact toughness KC was determined at cast iron with 0.18% B (KC = 1.88 J/cm2)
and the highest bending strength Rmi for cast iron with 0.23% B (Rmi = 660.85 MPa).

3. It was established the dependence of influence of the heat treatment regime quenching from 850 to
1100°C on the HRC hardness of cast irons with different boron content.

4. Cast iron alloyed with 0.18% B, after casting and subsequent heat treatment, consisting of
quenching at 950°C and subsequent tempering at 200°C was found to have the highest abrasive wear
resistance.

C. Applied Contributions

1. Five new compositions of high-chromium white cast iron additionally alloyed with boron in
amounts of 0.18%, 0.23%, 0.59%, 0.96% and 1.25% with high mechanical and operational properties
were developed and obtained.

2. It has been proven in real working conditions that the blades for shot blasting machines, cast of
high chromium white cast iron with 0.18% B, subjected to impact-abrasive wear, have a higher wear
resistance under the the given operating conditions than the traditionally used cast iron grade
NYX28H2, which proves that high chromium white cast iron with 0.18% B can be its substitute in the
production of details with a similar purpose.

3.At abrasive wear of parts for slurry pumps, cast of high chromium white cast iron with 0.18% B,
the wear resistance is 1.7 times higher than that of parts from the traditionally used grade UUX28H2
cast iron.

4. At operation in real working conditions of teeth made of the investigated cast iron (Composition I1)
for the impeller of rotary excavators for coal mining, it has been established 51% higher wear
resistance of the composite teeth consisting of a "crown" from high chromium white cast iron, alloyed
with boron, and steel core.

5. Assesment of publications on the dissertation work

In connection with the dissertation, 6 articles have been published, of which one is independent, and
two are referenced and indexed in SCOPUS. | believe that the publications reflect the main points of
the dissertation and that the scientific achievements of the author are sufficiently widely publicized not
only in our country but also abroad. So far, | am not aware of any citations in connection with the PhD
student's publications.

6. Opinions, recommendations and notes

Apart from some editorial remarks (such as "ILIEJITA" instead of "Llenta" (p.47) etc.), |1 have no
substantive objections.



CONCLUSION : Proceeding from the above-mentioned contributing points of the dissertation
work, from the undoubted theoretical and practical significance of the obtained results, I allow myself
to recommend to the Honorable SCIENTIFIC JURY to award the M.Sc. Eng. Krasimir Atanasov
Kirov the educational and scientific degree "DOCTOR".

19.06. 2024 r. MEMBER OF SCIENTIFIC JURY:

/Prof. PhD A.Velikov/



