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Influence of different heat treatments on Tsp transition temperature

Vliv riiznych tepelnych zpracovani na zménu tranzitni teploty Tsp
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Influence of different heat treatments (post weld heat treatment, quenching + tempering) on transition temperature Tsp
evaluated by small sample method was determined experimentally. Tspwas evaluated by two different methods, an older
one based on fitting two exponential curves on dataset and the newer attitude determined by EN 10 371 based on fitting
hyperbolic tangent through dataset. Experimental material was heat exchanger cover plate made of 1Cr — 0.5Mo steel of
215 mm total thickness with austenitic cladding, because of the thickness Tsp was evaluated from three different areas on
the cover plate — under the surface (S), mid-thickness (M), under the cladding (C). From these locations 40 x 70 x 180 mm
blocks were taken and submitted to abovementioned heat treatments, electrical discharge machining was then used to
prepare small specimens for transition temperature evaluation. Main motivation for evaluating the transition temperature
was repairment of the cover by welding, while trying to maintain or better the Tsp. The post weld heat treatment showed
almost no change to the transition temperature, best results by far were achieved by quenching and tempering, which
successfully lowered the Tspregardless the evaluation method.
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posuv tranzitni teploty Tsp stanovené pomoci metody malych vzorkii a vyhodnocené dvéma riiznymi postupy. Starsi metoda
je zalozena na prolozeni experimentalnich dat dvema exponencialnimi krivkami a novéjsi metoda prijata v nové zavedené
evropske normé EN 10 371, ktera proklada tato data hyperbolickou tangentou. Jako experimentalni material bylo pouzito
viko tepelného vymeéniku vyrobené z oceli typu 1Cr — 0.5Mo o celkové tloustce 215 mm opatiené austenitickym ndavarem,
coz bylo ditvodem pro stanoveni tranzitni teploty ve tiech riiznych mistech vika, a to pod povrchem (S), ve stiedu tloustky
vika (M) a pod austenitickym navarem (C). Z téchto lokalit byly odebrany vzorky velikosti priblizné 40 x 70 x 180 mm,
které byly podrobeny vyse uvedenym tepelnym zpracovanim a nasledné z nich byly pomoci elektrojiskrového obrabéni
pripraveny malé vzorky pro stanoveni tranzitni teploty Tsp. Hlavni motivaci pro stanoveni tranzitni teploty byla nutnost
opravy vika svarovanim, pricemz zaroven mélo dojit k nezmeéni nebo zlepseni kiehkolomovych viastnosti. Zihani ke snizeni
pnuti neprokazalo témér zZadnou zménu tranzitni teploty, zcela nejlepsich vysledkii bylo vsak dosazeno zuslechténim oceli,
ktere dokazalo tranzitni teplotu snizit vzdy a ve vSech lokalitach. Metoda stanoveni tranzitni teploty pomoci prolozeni dat
hyperbolickou tangentou se zda byt vice primocara a mnohem méné narocnd na zkusSenost uzivatele. Pomoci obou
pouzitych metod se podarilo zachytit stejny trend poklesu tranzitni teploty po zuslechténi oceli a Ize je tedy obé pouzit
k jejimu uspesnému vyhodnocent.

Kli¢ova slova: tranzitni teplota Tsp; tepelné zpracovani; metoda malych vzorkii; ocel 1Cr-0.5Mo

1. Introduction (3) Local bending, transition into membrane stress
regime

The principle of small punch test (SPT) is the penetration (4) Membrane stress regime

of small round specimen of d=8 mm and thickness = (5) Final failure

0.5 mm [1, 2, 3]) by punch (2 or 2.5 mm in diameter [1, 4])

as demonstrated in Figure 1. During the test the applied Semiapherial, X
force and displacement of the punch tip or deflection of the
sample are measured and the force-displacement S

i 7 : . . Upper Die —
(deflection) curve is plotted. This curve can be divided into " l .—*-—' \
five separate regions in terms of material behaviour [5] Miniature Disc — < | $ \ \
(Flg 2) Receiwn.gHo\e : : e r =] s I =
(1) Elastic region Lower Die ——

2) Elastig—plastic transition  (departure  from Fig. 1 SPT method principle [5]
llnearlty) Obr. 1  Schematicky znazornény princip metody SPT [5]
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Following characteristics used for mechanical and other
properties estimation are determined from the
abovementioned curve [1, 6]:

Fe —the elastic-plastic transition force in the small
punch test which characterizes the transition from
linearity to the stage connected with the development
of plastic deformation through the whole thickness of
the sample. This value corresponds to the yield strength
in the conventional tensile test and it is defined as the
point of intersection of two constructed tangents (one
of initial stiffens and second of steady-state plastic
stretching) (N).

Fm —the maximum force during the test which
corresponds to the load at the tensile strength in the
conventional tensile test (N);

dw — the displacement of punch tip which corresponds
to the force Fm (mm).

Esp—surface below the force-displacement curve,
calculated up to the Fm point (mlJ).

Two different approaches can be used for evaluating the
Tsp transition temperature. First approach can be called
two-curve method. This method is based on fitting both the
lower and upper shelf energy data by an exponential curve.
The maximum energy Emax is defined as the intersection of
the two curves and minimum energy Emi, is obtained from
fitting parameters. The Tsp is then defined by the following
equation (1) [1, 7, 8]:

Tsp = 0.5 (Eyax — Emin) (K) (1)
Force (kN)
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Fig.2 Typical force-displacement curve obtained from the SPT [5]

Obr.2 Typicka kiivka ziskana pomoci SPT [5]
The second approach for obtaining the Tsp transition
temperature can be called tanh fit method. This method is
based on the dataset being fitted with hyperbolic tangent
described by Eq. 2 [1, 8]:
—_ TO

E,=A+B -tanh[ C ]
— Eus+Bis | Eus=Fis tanh[

2 2

T—T,

] (m}/N) @),
where E, is normalized energy defined as E/Fm, Eus is
upper shelf energy, Eis is lower shelf energy, coefficients
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A, B, C and the Ty must be determined by use of the least
square method as Eq. (3) suggests [1, 8]. Tsp is then defined
as the inflection point of this hyperbolic tangent.

T-T,
c

N [a+B-tann] ]—En]2 - Min 3)

2. Experimental procedures

The evaluated sample was a cover plate of the channel of a
heat exchanger. It is the first heat exchanger downstream
the hydrotreatment reactor, cooling down the reactor
effluent by heating up the reactor feed. Reactor effluent is
in the tube side. The exchanger was built in 1968. The plate
was made of 1%Cr-0.5Mo low alloyed steel (precise
chemical composition is stated in Tab. 1) and was cladded
on internal, process side with austenitic stainless steel. The
total plate thickness was 215 mm with 3 mm cladding. The
operating parameters were 370 - 400 °C and 60 bar.

The goal was to repair the cover plate without negative
influence on material properties and especially on raising
the transition temperature. The transition temperature of
small punch tests (Tsp) of heat exchanger plate was
evaluated on delivered sample in three different conditions
of heat treatment:

1 — in the as-delivered state,

2 — after simulated post weld heat treatment (PWHT)
at 680 °C/1.5h/furnace,

3 — after quenching and tempering (920 °C/1h/oil +
710 °C/2h/air).

Dimensions of blocks used for heat treatment were around
40 x 70 x 180 mm. Because of the large thickness of the
plate, the Tsp was evaluated in 3 different locations of the
heat exchanger cover plate in each heat treatment condition
by 2 mm punch. These locations were defined as C (under
the cladding), M (in mid-thickness) and S (approximately
4 mm under the outer surface to best simulate real sampling
for SPT via specialzed scoop — Fig. 3). Tsp values for
different evaluation methods and locations are listed in
Tab. 2.

Feed Link

Cutter Shell

Flexible

Sample Recovery
Drive Shaft

Magnet

Fig.3
Obr. 3

Scoop for on-site SPT sampling [1]
Odbérové zatizeni pro SPT [1]

Tab. 1
Tab. 1

Chemical composition of the cover plate
Chemické slozeni kryciho vika

C Si | P
0.13 0.22

Mn S

0.015

Cu
0.18

Cr
1.00

Element Ni

[wt. %]

0.60 0.010 0.22] 0.51
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3. Experimental results and discussion

Regardless of evaluation method, the Tsp in every location
is lower after quenching and tempering (state 3) than in as
delivered state (state 1) —see Figs. 4, 5 and Tab. 2, meaning
the material is more ductile in state 3. However, depending
on the evaluation method the Tsp raised or lowered slightly
in samples after simulated PWHT. When using the two-
curve method the Tgp after simulated PWHT (state 2) is
lower under the clad (location C), but higher in mid-
thickness (location M) and under the surface (location S)
compared to as delivered state (state 1). Whereas when
using the tanh fit, the values of Tsp in state 2 are lower in
all locations compared to state 1. The effect of simulated
PWHT on changing the Tsp is therefore minor compared to
quenching and tempering which proved to lower the
transition temperature in every case.

Tab. 2 Evaluated Tsp values
Tab.2 Stanovené hodnoty Tsp

Uit = (570 BULRTR Tsp — tanh fit
Sample | Location evaluation
[K]
C 131 116
I —as M 123 121
received
S 126 122
5 C 119 113
simulated M 135 115
PWHT S 131 114
C 109 98
3~ quench M 121 111
+ temper
S 109 102

2500 T
2000 +
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>
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* g eas delivered  Tgp=126K
* > 4
500 T : ®PWHT Tep=131K
z 1 Q4T Tgp=109 K
0 } t t |
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Temperature [K]
Fig. 4 Influence of heat treatment on Tsp in the lid surface location evaluated by two-curve method
Obr. 4 Vliv tepelného zpracovani na Tsp v povrchové oblasti vika hodnoceny metodou dvou kiivek

1.2 T
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Fig. 5 Influence of heat treatment on Tsp in the lid surface location evaluated by tanh fit method
Obr. 5 Vliv tepelného zpracovani na Tsp v povrchové oblasti vika hodnoceny proloZzenim hyperbolickou tangentou

4. Conclusion

The comparison of the experimental results proved that
there is only small difference between transition
temperature of surface and mid thickness region of the heat
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exchanger cover plate in all states investigated. Therefore,
sampling from surface represents Tsp of the whole part
very well. Both evaluation methods managed to capture
decrease in Tsp after quenching and tempering almost
equally well. There are differences when it comes to



Recenzované vyzkumné ¢lanky Hutnické listy ¢. 4-6/2023, ro¢. LXXVI
Peer-reviewed Research Papers ISSN 0018-8069

PWHT. It might be because the changes in microstructure ~ [21 GUAN, K., WANG, D., DOBROVSKA, J. and MATOCHA, K.
after PWHT are not as great as after quen ching and Evaluation of the ductile-brittle transition temperature of anisotropic
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Obchodnik s oceli Buhlmann ziskava Lisega

Spole¢nost Buhlmann Rohr-Fittings-Stahlhandel sazi na diverzifikaci svého produktového portfolia. Nejnoveéjsim
opatfenim je ndkup vSech akcii spole¢nosti Lisega, mezinarodniho poskytovatele primyslovych potrubnich nosnych
systémil. Vlastnikem fizena rodinna firma ze Zevenu se po schvaleni antimonopolnim Gifadem stane 1. ledna 2024 soucasti
skupiny Buhlmann Group se sidlem v Brémach. Obé strany se dohodly, Ze kupni cenu nezvetejni. Prostfednictvim
akvizice Buhlmann rozsifuje své produktové portfolio o potrubni nosné systémy a vibracni techniku. Kromé toho
spole¢nost jako specialista na skladovani vstupuje do vlastniho vyrobniho podnikani pfevzetim sedmi vyrobnich zavodi
Lisega. Lisega, dle vyjadieni spole¢nosti Buhlmann, zlistane lokaIné i globalné stejné zavedena jako drive.

Buhlmann Group je mezinarodné aktivni obchodni spole¢nost pro ocelové trubky, potrubni pfislusenstvi, armatury
a ventily, kterd je od svého zalozeni v roce 1945 v rodinném vlastnictvi. Sortiment 65 000 tun zahrnuje svafované
a bezesvé ocelové trubky, tvarovky, pfiruby a ventily pro pouziti v naro¢nych prostiedich, jako je chemické a rostlinné
inzenyrstvi, ropny a plynarensky primysl a aplikace na moti. Buhlmann nyni zaméstnava pies 750 lidi v 16 zemich
a v poslednim finan¢nim roce dosahl obratu 456,7 miliont eur.

Skupina Lisega, zalozena v roce 1964 jako rodinny podnik, je piednim poskytovatelem primyslovych potrubnich nosnych
systémti. Spolecnost dle vlastnich informaci nabizi celosvétoveé nejkomplexnéj$i modularni program drzaka trubek
a dodava technicka feseni pro vSechny bézné primyslové aplikace. Skupina ma sedm vyrobnich mist po celém svété
a 13 prodejnich pobocek. Sortiment zahrnuje desitky tisic standardizovanych polozek se zaméfenim nejen na potrubni
montazni systémy, ale také na vibra¢ni techniku. Lisega dosahla ve finanénim roce 2022 ro¢ni obrat 144,6 milionu eur.

Zdroj: stahleisen.de

Japonska spolecnost Nippon Steel se chysta ziskat US Steel a zvySit tak vyrobni
kapacitu na 86 mil. t/rok

Nejvétsi japonsky vyrobee oceli, Nippon Steel, uvedl 18. prosince 2023, ze ziska US Steel se sidlem v Pensylvanii
za Castku rovnajici se vice nez 14 miliardam dolart, coZ by podle spole¢nosti Nippon Steel pomohlo zvysit jeji roéni
kapacitu vyroby surové oceli na 86 miliont tun/rok. Uspé&$na transakce by podle vypoéti zaloZenych na tidajich Svétové
ocelafské asociace mohla ze spojeného subjektu ucinit tfetiho nejvétsiho svétového vyrobce oceli po ¢inské skuping
Baowu a lucemburském Arcelor Mittal. Tento krok by dale diverzifikoval globalni stopu spolecnosti Nippon Steel
vyraznym roz$ifenim jeji soucasné vyroby a také urychlil jeji pokrok smérem ke strategickému cili 100 miliont t/rok
celosvétové kapacity surové oceli.

Obe spolecnosti uvedly, Ze ocekavaji uzavieni obchodu ve druhém nebo tietim Ctvrtleti roku 2024.

Zdroj: spglobal.com
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