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ABSTRACT

To study the effect of intermediate spheroidal annealing on some properties
of ametal, samples of chromium-nickel steal were chosen. The sampleswere
carburized, normalized, annealed, hardened and tempered. The
microhardness and corrosionresistancein acidic mediawere measured. The
effect of annealing cooling media was also studied. Cooling media was
chosenin away to characterize the effect of cooling rate on steal properties:
furnace cooling media; slow cooling rate, air cooling media; fast cooling
rate, and oil cooling media; fast cooling rate. This paper showed that
intermediate spheroidal annealing affect in alloys properties. It was found
that, the hardness of the material increases and decreases in dependence on
annealing temperature and holding time, but theresultsweren’t predictable;
each temperature and cooling rate has its pattern. The study shows an
increase in the corrosion resistance of the material due mainly to spheroidal
annealing process. In general the best result showed samples annealed at
740 °C, 60 min. for microhardness, and 740 °C, 45 min for corrosion
resistance, especially for oil cooling media.
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INTRODUCTION

One of the heat treatments or thermal processes
employed ontheiron stedl isannealing process, which
isusually carried out to relieve stress, and to increase
softness, ductility, and toughness¥. These properties
are achieved by refining, uniforming, and/or
spheroidizing thegrainsof pearlite microstructure due
to annealing processes?. Spheroidal annealing gives
maximum softness because of the transformation of

cementitelamellaeto spheroids. Annedling processusu-
aly carried out asthelast stage of heat treatment pro-
CESSES.

Recently in many works annealing processes are
used for other purposes. For example, rapid anneding
used to study the nucl eation step in anumber of trans-
formationsandto control thescaeand spatiad distribu-
tion of avariety of reaction products®. Han et. Al.
(2008) have improved the strength about 50M Pa of
pure copper using cyclic equal channel angular press-
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ing with intermediate annealing during pressing®. Also
different temperatures and periods of intermediate an-
nealing were used in an attempt to improve strength
andimpact toughnessres stance of highmartinstedua
phasested ™. Intercritica annealing heat treatmentsfor
reinforcing steel haveillustrated agood corrosion re-
sistance® which provesto begood for industry sinceit
awayssuffersfinancia lossdueto material deteriora
tionwhichisalossinmateridsdirectly or indirectly. A
direct lossin materialsisdueto the corrosion of apart
of equipment that will causeit to stop functioning cor-
rectly. Thisdirect |ossin materialsmay cause damage
to partsthat depends on thedirect damaged part. Such
astheoperation interruption of industrial plants, over
dimenson of structuresand equipmentsand mainly the
lossesimposed to the soci ety and the environment due
to toxic or inflammable chemical accidentsor |eaks.
Thequantity of deteriorated materia svariesfrom 15to
25% of the steel produced in the world, making the
cost of the product reaches 4.0% of the gross product
industrialy produced.l”

Gooch (1995)@ stated that; thefailuresin metallic
componentsmay happeninavery fast way preventing
from detecting the problemintimeto berepaired, thus
caus ng high costs expenses.

Intheearly 60’s the soft martinsitic stainless steels
weredevel opedin Switzerland amingtoimprovethe
mechanic and corrosion resistance®. Duetothat, itis
necessary to study even morethealternativesto lower
themaintenancecost of corrosoninsuch anaggressive
environment, and this paper amsto evauatethe be-
havior of themartingtic stainlesssted mainly Chromium
nickel sted dloys.

Chromium nickd sted dloyshasgood mechanicd
properties, and these properties are higher in present
of martinsitic microstructure. However, these alloys
can’t be used in aggressive acidic media because of
their poor corrosion resistancein such media For these
alloyshigh corrosion resistance could be achieved by
adding many other dloying e ementssuch asmolybde-
num and nitrogen. The corros on-res stant of chromium-
nickel- -molybdenum aloysare often required for gen-
eral congtruction of thecomponentsand for protective
lining of the systemsinside many chemica processing
factories, wheretheenvironment isvery corrosive.

To achieve more sati sfaction propertiesfor these
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aloysmany heat treatment processes can beused and/
or cold working, such as cold equal-channel angular
pressing austenitic Cr-Ni stedl givesyield strength of
1090M Pardativetotheinitial with 320M Pd*?,
Thegod of thiswork isto study the effect of using
annealing process asintermedi ate stage between other
heat treatment processes on microhardness and corro-
sionresistanceof chromium-nickel stedl. For thispur-
pose Samplesfrom Chromium-Nickel steel were car-
burized to increase the concentration of carbon onthe
surfaceof thested. The processof intermediateanned -
ing wasadded to disperse uniformly the carbidesin the
sted. Thisuniform dispersionwill affect on someprop-
ertiesof thested. Thetemperatureswerechoseninthe
range of annealing processes™. Theeffect of tempera
ture, anneding time, and cooling mediawasa so sudied.

EXPERIMENTAL

Materialsand heat treatment processes

All specimens of Chromium-Nickel (TABLE 1)
steel with adiameter of 8, 12 mm and 100 mm length
werecarburizedinaLiquid carburizing furnacein 30%
NaCN for 100 min.

Standard samplesweretreated in thefollowing se-
quence: carburized, hardened then tempered. There-
mai ning sampleswerecarburized, normalized, anneded,
hardened and tempered in the mentioned sequencere-
fer to TABLE 1for heat treatment conditions. For an-
nealing process; theannealing temperatures 740, 760,
and 780 °C were sdlected in holding timeinterval s of
45, 60, and 75 min. the specimensafter exposuretime
were cooledin deferent cooling media. Cooling media
was choseninaway to characterizetheeffect of cool-
ingrateon sted properties: furnace cooling media; dow
coolingrate, air coolingmedig; fast coolingrate, and ail
coolingmedig; fast coolingrate.

TABLE 1: Chemical composition in weight percent of Cr-
Ni steel

Element C Ni Cr
Wt % 0.19 3.7 13

Mo
0.2

Microhardness
Vickers microhardness was conducted using a
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Highwood HWDM-3 (TTS Unlimited Inc., Japan) in-
strument. Themicro hardnesswas measured at three
different locations of the specimen, and then the aver-
agevalueswereca culated.

Corrosion test

Corrosion studieswith chromium-nickd sted dloy
were carried out by weigh lossmethod to investigate
theeffect of intermediateannedlingon corrosioninsted
alloy. For thispurpose cylindrical steel sampleswere
polished up to 400 grit using polishing papers, accu-
rately weighed (typical dimension of 8mm
diameterx20mm), thenimmersed in 150mL of 0.1M
HCI solutionfor the desired exposuretime. After each
exposuretimethe sampleswereremoved fromitsbea
kers, dried and re-weighed to aconstant weight using
ananalytica baancewith accuracy of +£0.0001g.

RESULTSAND DISCUSSION

Microhardness

Theresultsof Vickersmicrohardnesswasrecal cu-
lated in HRC. Therepresentation of theresultsisin
TABLE 3inwhich microhardnessof the steel depends
on the annealing temperature and holding time for
deferent cooling media. Theinitial microhardnessfor
the carburized sample (standard) is 39.8 HRC. It is
obvious that, intermediate annealing affect on
microhardnessfor al samples, even though the effect
variesin dependence on anneding temperature, hol d-
ingtime, and cooling media. Thiseffect showsnegeative
and positivedeviation at standard. To find optimum
annealing parametersfor best resultstheresults must

TABLE 3: Theresultsof microhardnesstest.

Annealing  Annealing Microhardness, HRC

Sample

No,  temperature  time  “coglingin  Cooling Cooling
°Cc (min)  furnaceC _inair __inail
1 45 34 32.6 57
2 740 60 50.4 52.5 58.8
3 75 38.6 34.53 35
4 45 335 53 33
5 760 60 33.9 54.83 31
6 75 30.9 324 30.9
7 45 48 517 418
8 780 60 45.6 50.2 37
9 75 35.3 50.8 35

Woteriols Science mmm—

be analyzed according to annealing temperature, time,
and cooling media

Effect of intermediateannealing at 740°C

Theeffect of dow and moderate cooling gaveal-
most the sameresultsand defer from thefast cooling
which gave better results. It appears that, the
microhardness dependsa so on anneding holdingtime.
It’s shown that the microhardness increases with in-
creasing anneding timeuntil 60 min, wheretheresults
for deferent cooling mediabetter thanthestandard, then
reducesfor 75 min annealingtimeand al theresults
lessthan the standard. The best resultswerefor 60 min
holdingtimeand oil coolingmediawheretheresultis
58.8 HRC, which givesanincreasing about 47.74%
comparing with the standard.

Effect of intermediateannealing at 760 °C

Increasing intermediate annealing temperature by
20°C serioudy affect negatively on microhardness. The
results of microhardnessfor ow andfast cooling rate
amost the sameand lessthan the standard. Increasing
annealing holding timefor these cooling ratesdightly
effect ontheresultswheretheresultsdightly decrease
withtime,

Effect of intermediateannealingat 780 °C

It was observed that, the results of microhardness
for dow and fast cooling mediaaffect on microhardness
by thesameway, but annedling holdingtimeaffect nega
tively withitsincreasing. Also theresults show good
va ues(theva ueof microhardnessare better than stan-
dard) comparingwith the standard, but it reduceswith
increesngannedingholdingtime.

For moderate coolingrate(inair) it wasobserved
that, theva ues of microhardnessdid not changewith
anneding holdingtime, and thevauesof microhardness
arethebest.

In general the best results were for samples an-
nealed at 740 C, 60 min, especialy for samplescooled
inail.

Corrosion test

To determinetheeffect of spheroidd intermediate
annealing on corrosion resi stance performance, each
steel specimenwasimmersedin 150 mL, 0.1M HCI
solution. Thesolutionwas added during theexperiments
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when needed to prevent any reductionin solution con-
centration. Weight losswascalculated as:

W= Mo=m;  mg
! 2

cm
Where:
- M, isthemassof the specimen beforeimmersingin corro-
sionmedia.
- M, is the mass of the specimen after a period i of the
immersing time,
- Aisthesurface area of the specimen.
The results of weight loss for each specimen was
drowninachart (seeFigure 1 not al theresult shown
for clarity) and an equation for atrend linewasfound.
All equationswerelinear; theresultsof theslop value
(dwW/dt, mg.cmr?min) were added to the table with
correlation coefficient R?. The slop for each trend
line characterizestherate of weight loss. Theresults
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Figure1: Theeffect of exposure time on weight loss for

specimenswith different annealing temper ature, time, and

deferent cooling media (legend: first number isannealing

temperature, °C, thesecond isannealing time, min)
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aresummarized in TABLE 2. Aninteresting factor
was found that, the values of weight loss for all
sampleswereless than the standard, which means
that intermediate annealing affect positively on cor-
rosion resistance of the metal independently on the
wal of cooling themeta after annealing. To find op-
timum annealing parametersfor best results of cor-
rosion resistance, theresults of weight loss must be
analyzed according to annealing temperature, time,
and cooling media.

TABLE 2: Heat treatment processesconditions.

s £ 2 =z

Condition é "_é g é.

§ & £ 7

Temperature, °C 930 835 815 180
Holding time, min 100 60 60 120
Cooling media Air ar Qil ar

Effect of intermediateannealing at 740°C

From TABLE 4 one can seethat the slops of the
equation havethelowest value for specimens cooled
by ail (fast cooling) after annealing, wherethevalue
lessthan 0.1mg.cm?min. The effect of annealing
time showed that, therate of corrosionisincreasing
with increasing timefor fast and slow cooling, and
changing with amaximum in 60 min for moderate
cooling.

Effect of intermediateannealing at 760 °C

For low and moderate cooling rateit was found
that, dmost no changeintherateof corrosonwithtime
changing from 45to 60 minthenthecorrosionratein-
creasesat 75 min. For fast cooling ratetherate of cor-
rosion did not changewith annedlingtime.

Effect of intermediateannealing at 780 °C

For low cooling rateit was found that, the corro-
sonrateincreaseswithtimewithamaximumat 60 min,
but for moderate cooling rateit wasincreasing linearly.
For fast cooling rate the rate of corrosion amost did
not changewithtime,

The corrosionresistancein general showsthat the
best resultswerefor samplesannealed at 740 Cfor 45
min. especialy for samplescooledinail
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TABLE 4: Theresultsof weight lossfor samplesannealed at deferent temper atur es, time, and deferent cooling media

Annealing  Annealing
Temperature, Time,

Sampleimmersing time

°C min 24 36 48 60 72 86 98 110 122 134
Weight loss, mg/cm?
Standard Sample 066 175 3.09 6.84 1059 12.71 1498 17.25 19.52 20.66 22.54 0.1922 0.9861
Air cooling media
45 053 166 301 416 532 683 795 925 103 1151 1222 0.0982 0.998
740 60 032 103 236 44 646 89 111 122 1292 132 1331 0.1226 0.9441
75 08 17 251 38 58 73 906 105 115 121 124 0106 0.9312
45 04 11 198 25 334 55 9.08 1109 1245 145 17.76 0.1443 0.9565
760 60 046 14 292 5 8.59 10 1231 135 1518 16 17.87 0.1503 0.9849
75 053 144 287 45 727 94 1224 145 1724 19 21.1 0.1788 0.992
45 0.31 087 1.7 3 563 701 881 105 13.07 14 155 0.134 0.9883
780 60 056 144 281 401 588 78 911 11.05 1295 1507 1765 0.139 0.9888
75 042 157 311 437 628 83 1023 11.87 13.78 16.8 18.98 0.1516 0.9897
Furnace cooling media
45 055 112 18 24 316 38 4.6 54 6.19 7 7.56 0.0585 0.9983
740 60 0.71 187 303 55 82 10 1282 142 1563 164 17.98 0.1514 0.9861
75 052 144 277 48 632 85 1121 148 1734 18 18.7 0.1674 0.9808
45 058 173 304 45 625 85 1152 15 1858 1926 21 0.1818 0.978
760 60 0.71 187 342 51 6.78 9 111 14 16.71 193 22 0.1766 0.9849
75 071 222 429 6 8.42 12 1538 20 23 2571 2755 0.2367 0.986
45 032 098 173 32 464 55 665 73 813 925 10.3 0.0838 0.9935
780 60 046 142 281 51 7.38 9 11 125 135 142 154 0.1308 0.9834
75 04 138 261 5 6.95 9 1113 118 123 129 1356 0.1176 0.9579
Oil cooling media
45 06 107 15 192 202 252 311 355 4 415 438 0.0319 0.9908
740 60 131 275 312 4.09 4.56 5 574 6.97 821 8.76 10 0.0664 0.9835
75 109 21 237 317 46 623 688 728 7.69 851 975 0.0707 0.9788
45 132 285 4.2 5 6.2 7 741 812 883 995 11.02 0.0727 1.2382
760 60 102 269 291 409 419 48 526 6.08 691 723 7.6 0.0504 0.9743
75 0.63 133 226 319 326 374 504 58 657 723 832 0.0607 0.9899
45 22 395 427 532 548 642 776 803 831 912 1027 0.0599 0.98
780 60 134 277 325 385 404 472 572 614 656 695 7.47 0.0471 0.9808
75 059 2 342 472 485 681 78 885 991 1064 125 0.0924 0.9924
samples. Thecooling mediawas studied to character-
CONCLUSION izetheeffect of cooling rateover stedl.

Thispaper showed how intermediate spheroidd an-
nedling changed some propertiesof metas. Chromium-
nickel sted hasbeen carburized, normdized, anneded,
hardened and tempered then compared with standard
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M easurements were taken for the microhardness
and corrosion resistancein acidic mediaand the an-
nealing cooling mediato changethe cooling rate (fur-
nace, dow, air, fast and oil cooling media).

The study showsthat the hardness of the material
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increases and decreases dependent on annealing tem-
perature and holding timein unpredictabl e patterns. It
a so showed fixed patternsfor temperatureand cooling
rate. Thestudy showsanincreaseinthecorrosonress-
tanceof thematerid duemainly tointermediate anned -
ing process. The best result werefor samplesanneded
at 740C, 60min for microhardness, and 740C, 45min
for corroson resstanceespecidly for oil coolingmedia
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