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Abstract: The analysis of the structure of metal parts magl¢hle innovative technological procedure of
combined processing operations requires the ingatitin of parts by electronic and optical microsgop
and micro-hardness determinations. In most invastigs, the structural analysis reveals a
homogeneous, finished, predominantly martensitizicgire with micro-alloying elements finely
dispersed in the form of complex carbides. The @ggtations of chemical elements such as Si, Mn and
C in the form of strips and strings are rare anayhare completely missing in the form of mesh. The
optimization measures aim to reduce and elimindte agglomerations because these ones create
inhomogeneities that lead to variations of the mmies during utilization conditions. Optimizatidieals
especially with the values of the main technoldgieaameters for the technological phase of ligigdn
micro-alloying and for the technological phase odluction heat treatment. The optimization measures
that are required and the conclusions that are draupport the viability of the innovative technatad
procedure of combined heat treatment.
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1. INTRODUCTION processing (micro-alloying directly from liquid &
and induction heat treatmert solid state) is in
accordance with the results of the distributiomm€ro-
alloying elements in the superficial layer of thatp.

The innovative technological procedure of combined
processing includes 12 technological phases. Thalme
parts made by combined processing have the foligwin

characteristics [4, 5: - 2. ASPECTSREGARDING THE INNOVATIVE

» medium to high level of durability; TECHNOLOGICAL PROCEDURE

» low wear supporting the idea of proper durability ) _ ) _
during operation; The innovative technological procedure of combined

« high mechanical strength. processing of metal parts i; .based on a seq.uend:é of
Most investigations on the structural analysis technological phases. Obtaining metal parts inféne

highlight the following aspects [1, 3]: of a finished product involves the following bindin

« finished homogenous structure, predominantly with€chnological path: _ _
micro-alloying elements in form of dispersed Phase 1: preparation of the PM micro-alloying paste

carbides: Phase 2: preparation of casting mould,;
« the agglomerations of Si and Mn as well as the ones Phase 3: elaboration of the basic material; o
of carbon in form of strips, strings or mesh ameya Phase 4: casting and micro-alloying from liquid

« the accidental non-homogeneities and the isolated®hase; o _ o
agglomerations ~are  eliminated through an  Phase 5: preliminary mechanical machining;
optimization of the technological parameters, Phase 6: control of the superficial layer;

especially for the technological phase of liquidnio Technological phase 7: preparation of hardening
micro-alloying and for the technological phase of mixture;
induction heat treatment. AD Phase 8: applying the hardening mixture to the

The analysis of the micro-structure of the partssurface of the part;
obtained by the technological process of combined Phase 9: induction heat treatment;

Phase 10: final heat treatment;
Phase 11: layer control;

" Corresponding author: Splaiul Indepen@@n313, district 6,

060042, Bucharest, Romania, Phase 12: delivery of finished part [2].
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Combined processing procedure has the following
hnological flow:

Technological phase 1 - preparation of °

microalloying paste PM:

mo

preparation of microalloying paste PM: metallic dus *
40% + carburizing powder 60%; .
chemical composition of microalloying paste PM: Ni ¢
14%, Cr 14%, V 12%, charcoal 35%, BNaCO3 5%,
coke 15%, CaCO3 2% Na2Co032%, binder 1%.
particle average size: 40n; .
particle shape: granular;

Technological phase 2 - preparation of casting e
Id: .
chemical and mechanical cleaning: chemical solvent-
based cleaning solution + mechanical brushing;
ventilated air drying: air flow from 0.5 to 1°fmin:
applying of microalloying paste PM: Applying type: ,
manual paint brushing, Number of layers: 3.
Technological phase 3 - elaboration of basic

material: .

furnace type: induction furnace; capacity: max.
100 kg;Chemical composition of the basic material:
C<0.3%;S<0.02%; Si max.1%; Mn = max.0.45; .
alloying elements under 0.5%;

Tetaboration= 1600°C; diaporation= 2 — 3 hours; dvacuation=
max. 1 min.

Technological phase 4 — casting and microalloying

from liquid phase: .

Teasting 1550— 1600°C;Veasting= 0.2 — 2 kg/s;

teasting= 2~ 60 s. i
microalloying is performed by interaction of liquid
steel with layers applied on the walls of the cugpti
mold,;

successive layers are applied as microalloyingepaste
PM;

casting total period < 20 min for avoiding metattba
oxidation.

Technological phase 5 - preliminary machining e

operations: finishing turning of superficial layer:

depth of cuta, = 0.05- 0.40 mm;

feed:f = 0.05 — 0.10 mm/rev; .
average chemical composition at surface of
superficial layer after preliminary machining:

C 0.50%; Ni 0.40%; Cr 0.40%; V 0.05%.
Technological phase 6 — superficial layer control:
macroscopic control;

metallographic structure control;

3.

Technological phase 8 — application of hardening

mixture on the surface of the part:

cleaning of surface: chemical solventbased cleaning
solution + mechanical brushing;

applying of AD mixture, number of layers3;

ventilated air drying: air flow 0.5 — 1¥min;

average thickness of coating mixture: 0.1 mm.

Technological phase 9 induction thermal

processing:

T = 1000- 1050°C;Theaiing= 2 — 5 s; hold time = 2

5 min; part diameter max. 35 mm;

optimal frequencyiopima = 10 kHz;

specific  power at surface of the part:
Psp= 1 kW/cnf; current intensity- 700 A; voltage-
20 — 30 V; depth of heated layer=2 mm;

Technological phase 10 - final heat treatment:

variant A - direct hardening CD +low tempering RJ
(applicable to parts of minor importance which must
have particularly high values of hardness);

variant B — increased cooling + simple hardening
layer CS + low tempering RJ (to be applied for part
with deformations, dropping the direct hardening);
variant C - increased cooling + sub-critical
intermediate annealing Rcl + simple hardening layer
CS+ low tempering RJ (applicable to parts and
components that require machining after treatment).
Technological phase 11 - control of layer:

control of hardness average hardness of superficial
layer: 55 HRC;

control of structure- transition zone structure: from a

predominantly  martensitic  structure to a
predominantly  ferrite+ carbides-free  pearlite
structure;

layer structure- finished, predominantly martensitic,
presence of alloying elements as disperse

carbides(variant C of final heat treatment).

Technological phase 12 - delivery of finished part:
checking the competitiveness elements: the estinate
production costs fall within quality-cost matrix
required by the market;

verification of compliance for green product—
green supplier.

EXPERIMENTS REGARDING THE
CHECKING OF TECHNOLOGICAL
PARAMETERS OF MANDREL TYPE PART

The checking of the technological parameters during

control of superficial layer chemical composition: eyxperiments required the manufacturing of mandeé t
highlighting of energy dispersive X-ray spectrum parts Fig.1.

(EDAX);
scanning electron microscopy SEM,;
optical microscopy. .

Technological phase 7 — preparation of hardening

mixture AD: .

preparation of hardening mixture AD: metallic dusts «
35% + carburizing elements 65%. .
chemical composition of hardening mixture AD:
Ni 10%, Cr 10%, V 10%, Mo 5%, charcoal 30%, e
BNaCO3 5%, coke 20%, CaCO3 4% Na2Co3 4%,
Binder 2%; Particle shape: granular.

During experiments, the main technological

parameters had the values below:

Micro-alloying powder PM : metal powders 40% +
carburizing powders50%;

dai= 1 n/min;

S= 3;Tpre—heating: 100°C;

Basic material: C = 0.26%; S = 0.01%; Si = 0.9%;
Mn = 0.40%; alloying elements = 0.5%;

Telaboration = 1600°C; tejaporation = 2.5 NOUIS;texhaust =

1 min;Tcasting: 1580°C;Vcasting= 1 kg/S;tcasting: 50 s;
Dcasting: 20 min;
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Fig. 1. Type of part made by the innovative technolog
procedure- mandrel.

T (°C) 4 Induction heat

3

freatment  o55 _ 1050 °C; t = 2-5min.

e 800 - 840 °C; t=5-30mi
'\ s306s0°c 800- ; t=5-30min.

af\ tgomin. Water 160 - 200 ° C;
t = 30-60 min.
Rel CS / RJ Y .
v
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Fig. 2. Final heat treatmen€ varian.

e Hardening mixture AD: metal powders 35%
carburizing elements 65%;
* Tprocessin&1020°C;theating:5 S;tholding: 4.5 min;foptimal =
10 kHz; Psp=1 kwWicnf; P, = 20 kW | =700 A;
U =30V,
Final heat treatment, C variartteavy cooling + st-
critical intermediate rennealing Rcl + layer simg
hardening CS+ low tempering RJ, F&.

4. STRUCTURAL ANALYSIS.RESULTS

The structural analysis involved investigations
scanning electron microscopy, optical microscopy
micro-hardness determinations. &ig 3 shows the
scanning electron microscopy analysis (SEM) and
interpretation of the microscopy image.

Figures 4 and present the investigations of opti
microscopy with structural interpretation of 1
microscopic images

The  microeomposition and  mic-hardness
determined per micraenes of interest are shownFigs.
6 and 7.

The values of the determinations in tsuperficial
layer 844 HV (65 HRC) are consistent with the rssaf
micro-alloying elements distribution in the superfic
layer (medium diffusion of Ni, Cr and \

Fig. 3. Image of scanning electron microscopy (SE
magnification x 500 (Conditiomot attackec Micro-zone of
interest: layerStructure: finished, predominantly martensi

presence of alloying elements in form of dispersadbides
(after final heat treatment, variant.

"-ﬁo\é BX ' e T
Fig. 4. Image of optical microsco| (Leika —Germany),
magnificationx 100 Condition: nital attack 29 Micro-zone of
interest: layersStructure: finished, predominantly martensit
ferrite, presence of alloying elements in form spersed
carbidesafter final heat treatme - variant C).

P’ = W I AN X
Fig. 5. Image of optical microsco| magnificationx 200
(Condition: nital attack 2%¥licro-zone of interest: layer;
Structure: finished, predominantly martensite +ifer presenc
of alloyingelements in form of dispersicarbides, rare
agglomerations of Si iform of strips).

The values of the determinations of m-
composition and micrtvardness are in accordance v
the microstructure obtained and support the results
interpretations performed by microscc

A i -
Atomic
Element Weight % % Error % NetInt. KRato Z R A F
CK 1.57 6.52 43.74 1.06 0.0042 1.2625 0.836L  0.2128 1
SiK 1.04 1.94 27.79 7.39  0.0034 1.1406 0.9179 0.287 1.01
VK 0.19 0.19 68.54 298  0.0025 0.9759 09847  0.9606 14245
crik 0.24 0.24 42,5 406  0.0037 09932 09911 09782 15901
FeK 96.72  90.58 1.62 880.94 0.9831 0.9932 1.0033 09988  1.0247
Ni K 0.25 0.22 66.8 1.49 0.002 1.0097 1.0145 0.7759  1.0373

Fig. 6. Micro-compositionenerg-dispersive X-ray
spectroscopy (EDAX)Gondition not attacked; Micro-zone of
interest layer; Analysis: Presence of Ni, Cr and V in 1
superficial layer in form of complex carbides (medi
diffusion of microalloying elements in the superficial er).
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Fig. 7. Micro-hardness determinati.
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5. DEGREE OF ACHIEVEMENT OF THE
ESTIMATED RESULTS

5.1. Machining — estimated results

The machining of the parts by the propo
technology ensures a regular, homogeneous, maite!
smooth and defectlestructure with carbide

The degree of achievement of the estimated res
highlighted by investigations resulting in opti
microscopy images (Fig. 8).

The degree of achievement of the estimated res
high.

5.2. Technological procedure — estimated results

The technological procedure has ensured a tena
core which has not been hardened after carburizing
suggests that the procedure is easy to conduct
monitor.

The degree of achievement of the estimated res
highlighted by investigéons resulting in images 1
optical microscopy (Fig. 9)

The degree of achievement of the estimated res
equal to the expected result.

5.3. TheV content — estimated results
The V content in the superficial layer is of 0.15%
obtained under conditions in Whi@hecessin=1050°C.

Fig. 8. Images of optical microscopy, magnification x
Type of part: mandrel; Condition: 2% nital atack;ckt-
zone of interest: layer; Structure: finished, pradwantly
martensite + ferrite, presence of mi@adeying elements ii
form of dispersed carbid

Fig. 9. Images of optical microscopymagnification x 50
Type of part: mandrel; Condition: 2% nital attackichkd-zone
of interest: core; Structure: medium finished, rhaferrite-
perlite. Concentrations of perlite and accidentgl@agerations
of Si and Mn.

The content of V obtained in the superficial lajs
within the optimal limits of 0.1(— 0.20% V, providing
fine grains with effect upon tenacit

The higher concentrations have an unfavour
effect on the depth of hardening penetration andhe:
polishability (Fig. 10).

The samples are characterizet:

e sample 1: medium diffusion of V in the superfic
layer (constant uniform distribution in mi-zone

1 —layer, uniformly decreasing distribution in mi-

zone;

2 — layer and micr@one 3- layer);

e sample 2: medium to high diffusion of V in t
supericial layer (constant distribution in mic-zone

1 —layer, uniformly decreasing distribution in mi-

Zone;

2 layer and micro-zone 3Jayer..

The degree of achievement of the estimated res

highlighted by investigations based on m-
composition analysis — energy-dispersive  X-ray
spectroscopy EDAX.

Analyzing the micrasomposition of the samples, t
distribution of V in the superficial layer has beabtted
for the studied samples.

The maximum content of vanadium in the superfi
layer was 0.30% V.

The degree of achievement of the estimated res
high.

5.4. Content of Ni — estimated results

The highest content of Ni at the surface of a =
0.40-1.00 % Ni. This value contributes to increa
hardness, mechanical strength, limit of sticity,
resistance to corrosion and oxidation and favors
obtaining of fine structure@ig. 11)
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Fig. 10. Distribution of V in superficial layer (sample 1).
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Fig. 11. Distribution of Ni in the superficial layer (sampi 6)
-sample 5: mediurdiffusion of Ni in the superficial laye
(accelerated decreasing distribution in m-zone 3 — layer);

-sample 6: appropriate diffusion of Ni in the sujuaf
layer (relatively uniform presence in mi-zone 1 —layer and
accelerated decreasing distribution in mizome 3 - layer).

The degree of achievement of the estimated res
highlighted by investigations based on m-
composition analysis — energlspersive J-ray
spectroscopy EDAX.

Analyzing the micrceomposition of the samples, t
distribution of Ni in the superficial layer has beentf#d
for the studied samples. The maximum content o
the superficial layer was 0.55% Ni.

The degree of achievement of the estimated res
equal to the expected result.

5.5. The content of Cr — estimated results

The highest content of Cr in the superficial layer
the parts is 0.40-00 % Cr, obtained in the conditions
Torocessing1050°C. The content of Cr kept within t
optimal range of 0.461.20% Cr favoring the formatic
of carbides wit direct effect on the resistance to w
and on the possibility of hardening.

The degree of achievement of the estimated res
highlighted by investigations based on m-
composition analysis — energlspersive  X-ray
spectroscopy EDAX (Fig. 12).

Analyzing the micrceomposition of the samples, t
distribution of Cr in the superficial layer has hg#otted
for the studied samples. The maximum content ofin(
the superficial layer was 0.60% Cr.

The degree of achievement of the estimated res
equal to the expected result.
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Fig. 12. Distribution of Cr in the superficial layt
(sample 5, ¢
-sample 5: medium diffusion of Cr in the superfidéajer
(uniformly decreasing distribution in mic-zone 1 — layer,
micro-zone 2 —ayer ancmicro-zone 3 - layer);
-sample 6: appropriate diffusion of Cr in the sumafilayer
(accelerated decreasing distributior
micro-zone 3)

6. OPTIMIZATION MEASURES

In order to improve the quality of the part, namitlg
hardness and compactness he superficial layer while
maintaining a tenacious core, it is necessary forave
the following aspects:

» the values of the micrbardness determinations
the superficial layer are high, confirming the mo-
alloying in the superficial laye

e in order b maintain a tenacious core one Ir
diminish the duration of holding during the opeval
of induction field treatmertygging= 3 Minutes;

- for the mandrel type part, with the following ba
material composition G 0.26%; ¢ = 0.01%; Si =
0.9%; Mn = 0.40% alloying elements = 0.5%, tl
optimal values of the main technological parame
will raise up to the valuesTgaporation = 1600°C;
telaboration= 2.5 NOUrSfexnaus = 1 min;Tcasting: 1580°C;
Veasting = 1 Ka/s; teasing = 50 S; Deasings 20 min;
Torocessing L020°C; theaing=5 S; thotding= 3 MIN; foptimal =
10 kHz; Psp= 1 kW/cnf; P, = 20 kW;| = 700 A;
U = 30V; final heat treatme - variant C.

7. CONCLUSIONS

The verification of the values of the m:
technological parameters confirms tdiffusion of the
hardening mixture elements into the superficialet



106 A. Combieru et al. / Proceedings in Manufacturing Systevwd. 12, Iss. 3, 2017 / 16106

during the technological phase of induction heat The optimization of the values of the main
treatment. Diffusion takes place with intensity eeging  technological parameters will take into account the
on the technological parameters: processing temyrera results of the alloying elements distribution ine th
time of heating and duration of holding. superficial layer obtained after the micro-alloying

The analysis performed with the energy-dispersive X directly from the liquid phase and induction heat
ray spectrometer reveals the presence of the afioyi treatment in solid state, according to the analgsithe
elements in form of dispersed carbides in the lagere  micro-structure, micro-composition and micro-harshe
and transition zone concomitantly with the preseate of the layer.
carbon agglomerations.
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