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'tha testlng of metale for wear resistance means
thet en apparatue mist be developed for the specific type of wear
one ie studylng. We can justly eay witn Boeghold (1) that, “A
univerasal wear test cen be pleced in ths seme category as the per
petual motion machine.," Materials that withetand one type of wear
may or may not be or any value in another typse.

poeghold (2) gives the following list of more

common methods by which metellic parts are destroyed by wear:e

TYPE OF WEAR . EXAMPLE

l. Unlubricated eliding surface contaet Brake shoe on car wheel
(Plain bearing

2¢ Lubricated sliding surface contaot {Pleton against oylinder
3¢ Rolling unliubricated Uar wheels on track
4o Rolling lubricated floler and Bell bearings
5: Orushing non-metallic abrasives Rock crushing jaws
6s Abrasion by nonemetallic dry Steam shovels
f{« Abrasion by nonmetallic wet Pumpe handling wet send
8e Crushing non~metallic abrasives wet Wet Orinding Qre

9« Soft matarisl against steel, lubricated, Uopper wire drawing
where goft material 1s continually renéwed

10, Soft materisl against steel, unlubricated, FIyers used in 8ilk
where soft material is continually remewed Spinning

(1) Procae AeSeTle= V01.29, 198’ Part.Il, Pel25.
(2) Locs @it. P.llé.



ne tests herein reported were oonducted with the

. 4dea of finding a steel which would give improved wear se roll ehells
in the comminution of ores. Typees 9, 6, | and 8 of the above claes
girfication come under this categorys Not only must the wear be cobe
eidered¢, but also the phyasicel propertiees. It 1e deelrable ta have
a eteel or such Teneile and lmpact values that no fellure by breeks
age would aecour until the shell was worn very thin. The ideal cane
dition belng to wear the ahell down to zers thickness, but such cane
not be accomplisghede

Bconemlie aspects of the case alse bear considere
able relationship to the thickness of the ahsll before discerd.
fnus s cheaper shell need not wear as thin before breaking as &
more expeneive composition.

Folix Robin (3} studied wear by measuring the
loes of weight of a specimen after holding it under a kmewn prese
sure oo 8 revolving dise covered with smery papere He studied the
oflfect. of the nature of the abrasive, the speed of ravolution of
the dips, and the influence af pressure on the epecimens Hlis study
of the effect of the different alleoys on wear is very interesting,
but has very little to do with the subjeet 4in haend, due to the facst
that the hardness of the materisls he used was far beyond eny that
eould pomsibly be used in roll shellss.

JeM.Blake {4) studied the effect or wet grinding
{3) Pelix Robin, “Report on the Wear of Stesls"= Iran & Steel Ine
stitute OCernegie Scholarship Memoirs = ¥oloII, P.X, (1910}

(4) JM.Blake "Wear Testing of Various Types of Stoesls’~Proceeds
ings, Amer.8oc¢iety for Testing Mats., Vole28, Pertll, P.341,(1928)



on materials and deecribed the Fahrenwold machine, which is a wet
grinding machine in which tne pressure, time, spesd, abrasive,and
moisture can be accurately controlled. It ia quite a bulky piece
of apparatus end Bleks does not give concluelve proof that it gives
results that are reproducihle in the fielda.

Hall {5) used a small jaw crusher and used dife
ferent linere in the jawss He measured his wear by loss in wedgpht
per unit surface per ton of ore crushed. He only lleted low car=
bon eteel and menganese ateel,

‘The testing of the wear on sutomobile tire cnhains
wae developed by Parker (6)e He held the chain asgeinst a grinding
whesl and measured the number of revolutions required for the ree
moval of a given amount of materiale

Others (7) have eiv'.'udied the wearing qualities
of different ateels for speclal purposes but they need not be con
eildered tor this report,

‘the work propesed called for the development of
a machine not too complicated, yet of sufficient acouracy to allow
reproducibllity of resulte and also t&and also to give us some
1doe as to the resistance of different compositions of steel to
(5) JeH.Hall, "Wearing of Twelve Percant Manganese Steel,* Proc.
Amer. Soe. for Tseting Matss Vol.28,PartII, F.326, (%928)

(6} W.H.Parker, *The Wearing (ualities of Tire Chaina“, Procs

Aner. Soc. for Testing Mats. VWol. 28, Part II, P.%52 (1928)
(7) See Bibliagraphy.



abraslve wear. Uonsequently an gbrasive wear testing machine,

based somewhat on Robins idea, was developed.



TESTING APPARATUS

Flg.I» VWear Testing Apparatus,.

The testing apparatus (Fig.l) conelsts of a amall
notor driven belt grinders~ (4) ueing a 4" wide abrasive belt.
(®) The type of belt ueed is grit.100 =~ Metalite adamite cloth
made by the Behr=Manning Abraeive Co. of Trey, N, Y. Thie type
of belt wae picked arbitrarily because it appeared to be best
suited for the work intended. 'fhe grit 1s firmly held on the
belt end ie not tlne senough to clog up and not coarse enough to

brealt out easily.



Bocaugs of the width of the bslt, 4 zpeoimene
can pe run st the same time. These speclmens are held on the
belt my meens ot rour levere {C) suppcrted at one end by a rod (B),
which 1e in tum held tirmly by an adjustable rack (E)s The other
end ot the rod is welghted with lead (¥) so ae to give a pressure
or 35 pounds per square inch on the race or the epecimen.

fhe specimens are held in place by a small box
shaped holder (3) Paetened to the lever. One eide of this box is
left open» 8o that the spectmen can eseily be placed into it. A
emel) eliding plece (H) with e lip shaped to form the other side
of the box 1s than pressed tirmly against the specimen and held
tightly by a screwe

the specimen iteelf f1al em x L om x 1.2 ome
It wae 80 chosan 80 that 4 specimene could be obtained trom the
broken halvee of a standard Uharpy Impact test spscimen, thus sav~
ing the e xpenee of extra machining,

The revolutione of the belt are oounted by mesns
of a Veeder (J) ecounter, which is run by a cam attashed to the idler
wheel, Xt ias to bo noted that the eounter ias not attached to the

driving wheel because of a slippage of the belt when losded.



‘LTABLE NO. X

A=

B -

U=

De

HENER TREATMENTS

2000 3 hrse atir; 1700- 6 hrs, air; 1425 « § hre. slowly.

2000 « 3 hree airs 1425 = 6 hrs. slowly.

170 =« 6 hra, girg 1625 « 6 hre. slowly;

1100 = 6 hrse slowly,

1730 » 6 hrae alr; 1425 = 6 hre. slowlys

Al = 1800 3 hrse. air; 1200 -« 3 hrs. air.

Bl = 1800 =« 3 hraes gir; 1450 = % hrse. slowly.

Ul = 1800 » 3 hras. alr; 1450 « 3 hres slowly; 1200 « 3 hrae air.

K =

F o

2 =

Z B O R

o]
L]

N
0~

Al

1700 = 3 hre., alr; 1425 « 5 hrse slowly; 1300 =« 5 hre.

1725 = 12 hrge air; 1625 « 12 hrs, sir; 1225 « 15 hrs.

fumacee

slowly.

1620 =~ 12 hrse air; 1200 = 12 hreo slowly.

1625 « 6 hre. slowly; 1475 « 3 hrs. 0il; 1125 = 5 hrs.
1725 = 12 hree atr; 1629 = 12 hrs, atyr; 1100 =« 12 hrea.

1800 = @ hr. furnece;

1300 « 3 hrsa.
I8 » 4 hrss
1900 =~ 4 hre.
1800 « 3 hrs.
3800 = 3 hrae
1800 « 3 hrs,
173 « 3 hra.
1750 « 3 hrae

gir;
elr;
airs

eir;

air.

air}

1000 = 3 hrs,
1200 =« 4 hra.
1550 « 4 hrs.
1450 = 3 hrse.
1750 = 3 hrsa.
1450 = 3 Brse

1000 « 3 hrae

slawl Y.

slowly.

1100 = 1 hr. slawly.

elowlya

slowly.

Mure Oool = 120 « 4 hre, slowlyes

o6l 1 MaVe/hre = 1200 = 4 hre. slowly,
aly = 1430 « 3 hrea slowlye.

cool = 30 deg./hr.

slewly.

temparatures are given in degrees Fehremheit.



CALIBRATION QF REAR MACHINE

The only calibration thst wes done was to deterw
mine the length of time to rum a test and to eee how closely re-
exlte could be duplicated with thie given tims, all other variables
such a_s/: r:sg{re, speed of belt, and preseure, being kept constent.
With any good abrasive cloth it ie common knowledge that ite great
eet cutting effleiency ia at the beginoning of use. As the amall
cutting edges ot the grain are dulled, the eftlclency gete poorer
and poorer, until finglly the greine are so dull that they are ac=
tually pulled out of the glue holding them. Thie pulling sction
aterte at the very tirst, dbut 1s not noticeable until the grains
are surticiently dull to cause frictilon, which softens the zlue,

Mnother factor that 1le equelly ilmportant is the
clogging up of the cloth by the chipe of materisl ground out.

The filner the grain, the more important thie item becomess Frice
tion then heets the glue and allews the grains to be pulled out.
The coarser grained cloths are less subject to thie action than
those of finer graln.

In choosging a cloth for thls work, care was
teken to have a grain sutfficlently fine to avold exceesive pulling
out and yet not fine snough to ¢log when run a reasonable length
of time. Tnis grein wae arbitrarily picked as 100X and wam found
to glve excellent results,

Time wap Pirsd used as an 1.ndicator of the

lengtn @f run for each test, but it was soon dlseavered that



the results could not be checked with sny reasonable aceuracye
There 1s a certain amount of slippage of the belt on the driving
pulley which is not consetent. Tiwming was therefore diecarded as
an indicator of length of run.
¥ith this 1dea ot slippege in mind, a veedor

counter run by a cam was attached to the idling pulley, which would
indicate the actusl movement of the belt irrespective of the elip-
pPageoe

' Teste were then run by determining the weight
lost in greme per square centimeter of epecimene after each 1000
revolutione of the idle pulley. The average of 4 separate apocl=
mens is plotted in rige 2o There is a stralght line relationenip
of wear to revolutions up to 2500. Above this figure the factora
mentioned sbove begin %o praminently assert themselves and the
curve lesaves the strelght line tangentlellys If this test ware run
far enougnh, it 1s expected thet the curwe will approach a horizontel
lines Therefore 2300 revolutians, which means a belt travel of &04
Peect, was edopted as our stendard length of run.

Anether variable, which was Investigeted, was
the ability of the machine to check resulte., Uonsequently 24 specie
mens talten from e carben roll shell end 24 gpecimens from e chrome
molybdenum roll shell were run, glving 24 tests an each composition.
The resulte of these tests are given in ‘lablas 2 and 3, 'The aver=
age devigtion from the average is belew 10% in both ceseas, ‘this

was considered sufficiently aceurate for the purpese of the test.

10-
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PABLE NOe I
ACCURACY QF TEST

Ce Mne Fa Se Si. Cra Mo,
Qampoaition - WP .@ .055 -OZT .30 .19 4

Treatment - 1723 DegeF. = 12 hre, -~ atr
1625 DegeP. = 12 hrse = uir
1225 DogeFu - X2 hrao = Co 8o

Tensi}e Elastic Yield Exts Cone Charpy
Strengthr  Eimit Point % % Impact.
PsI PST psI FtuLbee
Physical Propertises =
125,%00 40,000 74,000 13.0 27.0 4,12

Specimen No. Brinell
II AX 255
IT A2 ' 255
II A3 267
I1 A4 261
II Bl 267
il B2 269,
II B3 272
II BA 258
II C3 | 267
II ¢2 269
iI c3 275
II ¢4 26%
II N 262
II D2 277
II D3 270
II D4 266
IT BX 25
IT B2 272

12.

Yoar

2.59
2464
2,52
2.30
2,53
2,48
2,53
2437
2.60
2.58
2448
2.47
2.54
2.5%
2.56
2436
2,53
2,68



ACOURACY OF TEQT (Continued)

TABEE NO.II
Specimen Nos Brinell Wear
IIE3 269 2461
I1E4 258 2.47
Ixm 277 2465
I 1?2 213 2.46
IIF3 275 2463
IIFA 255 2461
Aves 261 2.3538

13.



TABLE NO.III ACQURACY OF _TEST

Ca Mne Pa Se Sia
Compoalt ion = on 024 5057 .041 23

Treatment = Y623 « 12 hres = air coal
1200 - 12 hrlo = Ca Se

Tensile Elastie Ylekd  Ext. Coxn. Charpy
Strength  Limit Point % % Impact
Phyeicsl Properties « PSI pPsX psI FtaLbee

117,500 47,500 58,250 13.0  17.8 2.24

Specimen Noe Brinell Yoar
III AL 215 2463
III a2 214 2.9F
III A3 212 2,52
III A4 204 2.84
III Bl 207 2.5h
III B2 204 2.48
III B3 207 2460
III BA4 210 2452
111 a1 207 2.54
III @2 207 2438
III G3 20 2.53
111 o4 ‘ 212 2.6%
III D) 217 2.54
III D2 212 2.70
III D3 215 2,58
1II b4 214 2445

III &) 226 2476

144



TABLE. NOJIII ACCURACY OF TEST (Coptinued)

Specimen Noe Brinell VWear
III E2 215 2,38
II1I B5 225 264
III E4 214 ' 2.0
III Pl 217 2477
III 2 21T 2+7h
1II F3 227 2.64
IIT P4 214 2685
Ave. 21262 24613

15.



MATERTALS TESTED

Both castings and rorginge of Qarbon steels, Man-
genese, Manganese Molybdenum, Molybdenum, Ohrome-Molybdenum, Nickel-
throme-Molybdenum, Wickel-Chrome, ateels, with varylng carbon and
alloy edditlons, heat treated with varying treatmente to give speciel
micro structures end varylng Brinell hardness, were usged. The teuo=
eile properties, Charpy Impsct, Brinell hardness and wear resulte
are glven for easch type of material end sre listed in thes attached
tablssae

It will be noted that the tenelle properties of
a number of the castings are not given. These were experimental
heats cast frow a high frequency induction furnace, using a very
limited emount of metal, not allowing the use of suftlcient risers,
etco to obtain sound castings. The Brinell and wear tigures in
thess cases ars the only ones which may be considered accurates

Other “este where only Brlunell and wear are glven,
treatment and phyelcal properties beirg missing, are small semples
obtaeined from large castings by Mr. Alen Kissack of the Climax
Molybdenum Oos end tested on our machine.

Wear was plotted agalnet Brinell hardness for
each type alloy and each composition of steel used of that alloye
Each type alloy 1s kept on a separate eharte. The numbere on eachk
curve refer to the apecirie composition, which may be found lieted

as “Heat No." in the tables. All compositions are plotted where

16.



it was poseible to obtain a sufficient number of pointas to glvs
proper identification to the results. The plotting of the carbon
etecle was eliminated because of the few polnts obtailnable. It was

consicdered easier to draw deductione from the table itself,

Vard



OARBON _STEELS

Heats Qo Treat~ ‘fHenslle Klastiec Yield Exts uone. Charpy Brinell Wear
Ne. Mn. Si. ment Strength Limit Point % % Impact ums/
PSI PSI  PSI. Ft oLbs. 8qeIn.
69228 o24 WG W23 f::ged 75000 38000 45000 30.7 557 4410 119 3,23
5e6578 o684 o2 20 annealed 85000 20000 35000 19.0 28.5 2463 14l 2.90
362351 o177 o72 <22 4 113000 9000 54500 8.7 100 362 197 2442
@941 o784 oI5 .20 U 100000 38000  S0000  4e2 3.5 2.24 199 2439
MPLIO3 .59 +30 .20 annealed 78500 35000 40000 28¢2 517 9.80 129 2.75
48795 1632 W12 L16 °® 83000 35000 48000 20.0 34,4 4,22 144 2,20
5513 .76 69 .25 G 109500 42000 51500 15.2 285  3.65 193  2.69
8550  ofh W77 28 6 125000 41000 54500 5.7 Ba5  3.22 218 2,38
87710 .18 1 W9 @ 119500 H0000 52500 12:5 181 3.2 07  2.57
8778 18 71 .19 G 128000 49000 60000 1040 15.2 2,24 226 2,40
905 .74 79 W7 & 109000 32000 45500 12,7 185 2.24 187 3.06
CASTINGS

EEL459 2,20 68 4«09 Bal 73300 51000 57500 1.2 1.2 3.88 253  L8]2
Osl 65500 39000 S000 1.0 3 108 248 L3653

1% P.P. 2.99 «50 W30 .54
1% nill 3.49 % 1.93 ATT <84

Slug

2% F.Pa  3.87 o217 o8O oS

8.

a1/
A



CARBON HMANGANESE =

FQRGINGS

feats Treats Tensi}e Elastic Yield Exte Cone Charpy Brinell Wear
Noe Ca Mn. Si. ment Strength Eimit Point & %4  Impact Gma/
P8I psl PSI FteLbse 8q.Ine

E3010 452 1.58 20 =l 98000 51000 5300Q 25.0 U49.5 24432 171 3.8
B=1 113000 60000 61500 19.2 39.4 9,80 204 2,97

C=1 105000 50000 S7000 2242 45.4 12,26 187 3.09

§3011 256 150 20 A=) 99500 51000 53500 23.0 45.7 12.26 17t 254
B-X 114000 57000 62000 18.2 36.9 7416 208 2,32

C-1 107000 51000 54000 21.0 39.1 10,80 189 2.78

E1405 .82 2.43 .18 A=l 131000 8000Q 93000 7.7 8.5 3.63 282 2.68
ﬁ-z 123000 71000 Il.0 8.9 1.4} 213 2.5

C=2 112000 59000 61000 1742 2942 5.49 203 2,53

E2908 .92 1.86 43 pl 152000 85000 9.2 1542 6443 280 1.98
B~I 109000 63000 67500 2247 4742 10.24 192 3,14

C=1 107000 60000 6B000° 24,0 46.9 12,57 185 3,29

EE1408 1,28 2413 425 A=) X 43000 88000 2.0 3.1  2.24 302 1.
B=1 ~ 112000 G000 48000 9.7 B9  2.65 206 2.81

Cc-1 111000 65000 6700 16.2 2B.9  4.20 203 2.26

EE1394 .76 1.4 12 A 112000 50000 58000 11,0 255 402 192 3.12
B 123500 53000 59000 9.0 11.d 1,08 223  2.65

¢ 116000 45000 52000 1242 1748 2.24 208  2.59

73 153000 86000 95 148 465 285 1,75

EE1396 . :93 L.61 20 A 131000 4800 5000 15.2 42.2 470 195- 3,22
B 117000 58000 6100 10.2 1. 2,24 213 2.65



OARBON MANGANRSE - FORGINGS (Continued)

Reate Treat= Tensile Elaetie Yield Exte Cona Charpy Brinell Wear
NG« Oe Mne sie ment Strength Limit Point % %  Impaeh Gmis/
ESI psl eS8l Ft.Lbse 8qeIn.
o} 105000 50000 S7000 18.7 328  6.18 184 3,03
M 168500 122000 302 3.9  ld6  32) 1.26
EEIZ1G 64 185 .27 .\ 101500 51000 55000 225 46.0 10,79 183 3428
B 1210000 54000 61000 12.8 22.7 2.07 214  2.66
e 117000 54000 39000 1147 3045 2.64 213 2.57
D 128000 51000 60000 10,5 1746 166 227  2.27

K&
1314 60 1,52 .20 A 104500 51000 54000 2040 3.3 3,086 195 3,09
B 122000 54000 61000 742 7.8 1.66 218 2.87
(o4 120000 68000 342 3.1 108 221 2439
D 121000 57000 62500 8.2 10.4 1,6 204 2.73

0ASTINGS
EE2465 2415 2.0 32 B=l 86000 77000 82000 S 1.9 1.08 293 «830
O=1 89500 76000 835000 1.2 244 1.08 285 976
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Hoat-

CHROME MOLYBDENUM = FORGING

Trent- Tenaile Elastic Yield Exte. Qena Charpy Brinell ¥Yaar

Noe Ce Mn. Si. Ors. Me. ment - Strength Limit Point % % Impact O=s/
Psl PSI  PSI FtoLba. 8qeIna

PARBS o509 o89 30 k.19 «2L F 135500 60000 TAQOQ 1340 27.0 268 254

EB1324 258 .52 48 .89 W34 A 120000 78000 84000 2045 517 24470 224 3.8

B 116000 75000 8000 2045 52,5 23,76 211 3.0

c 106000 66000 22.5 4745 18400 187  3.13

D 114008 69000 77000 19.2 5040 24,235 213 3,24

EE1330 96 422 56 1499 <28 A 137000 78000 83000 1642 28,3 9442 253 2.89

| B 139000 93000 101300 1540 30.2 6.2 256 3,13

¢ 11000Q 43000 66000 22,0 32.8 20.34 193 2,98

D 136500 72000 80000 8.2 15.2 3.65 251  2.93

L 304 2,00

EE1331 1.24 93 5L 2,12 .27 & 133000 72000 78000 1442 22,7 40 250 2,92

B 143500 84000 95000 Ill7 1845 166 2600 2.

o 117000 63000 65000 19.7 3848 10.30 211 2.

D 141000 78000 84000 T2 1647 322 240 2.8

L 304 1.77

BEI332 1.81 .86 2 2,37 .30 A 143000 46000 73000 7.5 0.4 2,24 248 247

| B 156500 Q6000 105000 1e7 3.2 2424 311 2.08

Q 114300 71000 15.5 20,6 6460 224 .77

D 129000 80000 5.0 2.3 2,24 279 1.72

L 294 1.2



QHROME MOLYBDENUM ~ FOROQING (Oontinued)

Heat; Treat~ Tonslle Elastiec Ylield Exts Oene Charpy Brinell Weer
Nee Ce« Mne 8ie Cr. Mo. ment Strength Ldmit Point % % Tmpact Gme/
PSI Psl  PsI Ft.Lba. 5q.In.

EE1333 2,02 .60 <48 2.14 .28 A 121000 73000, 80000 8.7 8.1 2424 255 1.52
B 133500 o7 o8 .08 348 1,26
Q 11000Q¢ 70000 8e7 1048 1,08 236 1.45

D 127000 75000 80000 3.2 3.9 1.08 291 1,39

180Q=-41r
Y750ty
8=1308 JTX .79 24 L. 48 423 1475~03 6500 50000 59000 265 0.4 20487 166  3.08
1/8*
Forged «78 1.00 .20 32 1800-4ir 640 l.19
173Q-4ir Unnetched
3273336 65 @87 25 1439 2T 1X00-08 162500 80000 Q4000 8.2 13.4 136488 285 2.09
1800=AlT
1750-4/4r
833358 7Y o719 <24 1.48 .23 1100.08 171000 33000 130500 10,0 25.8 N5 1.97



CHROME MOLYBDENUM. ~ SAND CASTINGB

Feate Treat~ Tenalle Elastic YIELD Exte Oone Cherpy Brinell Wear
Nee Oa Mne Sia Ore Mo. ment Strength Limit Point % %  Impsct Gms/
PSL PSI  PsI PLeLbse Sq¢Ine

BE1309 <60 624 31 2,19 34 A 193 3,16
B 196 303

c 222 2.82

D 228 2,78

BRI318 76 <60 35 1.92 34 a2 192 3,06
B 206 297

o} 286 2.54

D 218  2.83

ER}522 .28 458 20 2.0 25 A 198 2,96
B 218 308

o 224 2,95

D 315 2.8

EE1323 1.58 .32 42 1397 31 A 225 1.97
B 24T 2418

c 259 1,70

D 233 2,14

EE1329 2.10 X9 36 2437 <25 A 286 1.34
B 291 1.3

j 261 1.28

D 320 1.3

BEIALS 1.4k W61 43 2,38 80 Ael 71,000 1.55 354 1.5

23.



CHROME MQLYBDENUM =~ SAND CASTINGS (Continued)

Tebte Treat= Tenslle Elastic Yield Exte Con. Charpy Brinell Wear
Noe Ce Mne 8is Or. Moe. ment Strength Limit Point % %  Imvaoh Gras/
Psl PSl P8l Ft.Lbsee 3qeIng

B-1 72,000 2,55 256 1.8

C=I 53,000 4,20 2348 1.94

ER1420 2,00 S4 4 2.50 34 A=)l 83,000 3422 338 1.28
B= 49,500 3,06 24 123

C=d 3622 239 1.66

ESIA2) 2420 53 20 2.55 39 A=l 64,00Q 1.08 345 1.04
B=1 1,000 1.66 257 1.2

C=1 52,500 2.24 254 1.254

1* 11,79 o753 o2h 2.16 30 G 6e3 219 2.36

2% P.P.3.42 425 1.20 1.10 37 512/555 o356

24.



MANGANESE MOLYBDENUM = CASTINGS

Tente Treate Tansile Elastic Yield Exta. Cons Charpy Brinel}l Wear
Rae 0. Mne Si. Mees ment Strength Limit Paint % % Impact Gua/
psl PsI psI Ft.Lbsa 8qeIn.

gR1A28 1oAT oS5 420 80 A=l 490005 6402 240 1.52
Bel Ls&6 318 1.38

O=X 50000 2.24 224 1.87

EE1426 1463 197 021 o35 M-l 67300 1.08 308 1.34
B=) 63500 .08 241 k.39

O=1 53000 224 233 1447

EE1427 1e99 1492 422 35 A=l 42000 3.06 323 1.09
Ba=l 49500 2464 272 1.08

O=1 48500 1.66 25% l.X

331464 2-25 061‘ .25 .56 E-I. 85000 61000 68000= a5 1.9 1008 269 569'2
O=1 73000 62000 70000 1.2 1. 2,24 187 1.32

EE146Y 24,20 2.33 W14 .41 Bel E7300: o7 3l 1,08 252 ST

0=1  £3000 7 34 108 331 53

E7922 1.83 96 57 o368 Bel 84000 86000 24y 1.48

C=1 229 1.59

B7955 2.12 113 49 o8 B=) 269 1.03
Unnotched

HF2=86 2.09 1.02 38 435 Be=l 65000 37000 52500 1.5 Y2 5,36 222 1.4
D=2 69500 30008 47000 1.5 12 .94 228 93
HFJ=77 1470 1413 43 430 0wl 59000 30000 0000 9 laF  3.48 178 99

R5.



MANGANESE MOLYBDENUM

FORGINGS

Feate Treat~ Tensile Elastie Yield Ext. Gon. Charpy Brinell Wear
Noe Ca Mne Sie Moe ment Strength Limit Point % % Impact Gme/

PSI PSI PSI Ft-LbBl Sq.In.
ERA07 B84 1.7 23 W36 A=Y 150000 91000

Bal

C=1

134000 50000

129000  5700C

26.

107000. 100 15.6 5.20 292  2.26
58000 10.0 15.8 3.65 247  2.29

64000 1145 18,1 3.06 236 2463



GARBON MOLYBDENU M = CASTINGS ANU FPORGINGS

fleats Treate Tonelle Elastic Yield Exts done. Unarpy Brinell Wear

Noe Ue Mne. Si, Moa ment Strength Limit Point % % Impaot Gme/
PSI P3I PSI Ft.LDBe Sq. In,
B3164 1.52 o69 o26 229 R 103000 47000 58000 105 11,9 3.06 197 2,22
83089 1462 463 o2 W34 N 110000 1.08 321 1.66
o 111000 60000 oD 43 1.08 225 2.30
P 98500 47500 50 HeS 1,08 194 1.0
R 97300 40000 46000 3.5 4,3 1.08 22 1l.43
E3088 lual4 o635 25 o35 N 116000 92000 o7 o8 1.66 08  1.65
Q 111000 58000 245 3.1 3465 228 1.88
P 93000 51500 3.7 3¢9 166 205 .88
R 94500 32000 43000 3,0 2.4 1.08 07 1.25
a8
2";3. 2.35 058 -89 -48 cast &5 .59
6h11) - 522/
. 3,65 21 o536 o352 % 539 42
. 1450 Degelf
. * n " % gnnealed 470 o447
. ) as 417/
3,03 41 .35 J57  cast 55 438
CASTINGS
E7968 2039 062 57 51 Bel 68200 286 .80
Ul 242 ol
BI994 2427 o669 o6l 35 Be=l 72000 62000 269 1,06

R 7.



NICKEL CHROME MOLYBDENUM FORGINGS
NICKEL CHRGME FORGINGS

Heat . Trest=Teneile Elestlc Yield =xt, Cocn. Charpy Brinell Year
No. Ce Mn. Si. Ni. Cr. Mo. wment Strength Limit Polnt % % Impact Gmsa/
PsI PSI  PSI Fto.lbs. Sq«In,
221391 o60.57.67 2.48 1.10 .29 A 156300 82000 96000 13.0 25,7 18.04 288  2.79
B 158000 70000 110000 15.2 36.0 9.80 288 2,88
C 133000 80000 83000 18.0 43,7 16.09 250 3.09
M 187500 170500 10.7 30.2 6.69 363 2.46
2E1392 492.58.20 2.90 1.13 .25 A  1950QQ 145000 6.0 8.9 4,70 363  2.36
B 138000 62000 70500 15.0 30.2 Q.42 255 2,47
C 131000 60000 63000 18.0 397 12.26 336  2.79
M 189000 169000 2.0 2.4. 2,24 04  1.88
8/1317 +32.70.19 2.35 .62 .31 114000 75000 91500 13.2 33,1  6.69 226  3.08
B2431 .50.55.16 1.89 1.00Q E 129500 102000 110000 20.0 58.6  44.11 243  2.89
7=1136 .52 1.08.22 1.32 .42 2-1 119000 75000 83000 20.0 0.0 14.6% 229 3.10
B=] 124000 60000 66000 17.5 36.0  8.00 224  2.41
C-L 120000 55000 40000 19.0 39.4 10.30 218  2.87
CASTINGS
B2682 .49 .43 .28 1.72 .98 H 122000 90000 99000 8.0 15.6 26.00 235  3.02
5264 .55 477 <36 3.21 .92 T 600 .80
u 12,0 +25 350 1.62

28



MISCELLANEQUS COMPOSITIONS

CASTINGS
Hoate Treat— Tensile Klastic ¥ield Exts Uons tharpy Brinell Weer
oo Us Mne Si. Ur. Moo ment Strength Limit Polnt % % Impaet Gme/
PSS PSI Pal Ft.Lbse 89.1Ine
2. N 2087 o’.o .28 2.82 ag cast 512/ |68
5955
1450 Deg.P 575 087
alow
Hattield's 1950 Deg.®
ne 1.20 12,05 .21 water 160 1.11
FORGINGS
® [ ] fl L) ] 177 _1.15

29.



LISUUSSION

It appears that three verisbles may be considered
to effect wear replstance;=
1. vomposition of the steel,
2o Hardness,
%e Uonditioen or Micremstructure of the steels
These varlables are dependent one en the other.
Hardnees is a function of the composition end micro=structure.
Miorosgtructure for any given heat treatment would be a function
of the composltione
¥ear appears to depend princlpally on hardness,
two types of which ars to be comasidered: Intrinsic and Conferred.
Intrinele hardness 1a that hardness inherent in the metal itself.
Uonferred hardness is that hardness whioh {s givem the mstal by
haeat treatumentes
Intrineic hardness 1p dependent primarily on come
position, It is that hardness that givee wearing qualities te
babbitt and other bearing metelss In etesla of the type being
studied, 1t 1s believad to be due to the amount, size, hardnesas,
distribution, and gompoeition of carbides in the steele It is not
showmn exactly by any hardneass test, but may be estimatedt o some
extent by the carbon content of the metsls coneidsred with the
amoumt of alleying elements present, as will ba shown latere

Comfarred and Intrineie hardnaesga are at beet



relatlve terme. uertain compositions cannot, under eny heat treat—
ment, be softened beyond a certaln Brinell, whereas others can, by
propar manipulation, be obtained with much lower Brinell figures,

A highly alloyed steel, euch ae high speed steel, may nat be annealed
mich lower than between 200 ana 290 Brinell, the higher tlgure being
congldered very good, whereas an exceedingly low carbon steel can

be annealed below 100 Brinell. On the other hand, high speed steel
may be heat treated to give a Brinal) of over 600, where the carban
steel may not be changed but very few points mdér any treatment eo
Par conceaived, without the use of cardonization, The Brinell number,
being a relative measure of hardnese, 1o Influenced both by intrinsie
and conterred hardnesses The lowest Brinsll ﬁgure obtainable in any
given composition ie predominantly influenced by the intrinsle hardness
of the piece. However, the conferred hardness will predominently in-
fluence the higher figurase. Both theee terms are ueed in this paper
e8 being reeadily distinguishable, eand they are, when studied collectw
ively.

_ Figare 3, e chart of Vear Ve. Carbon Content at

a 240 Brinell and rig. 4, et 280 Brinell, show that increasing the
carbon increasss wear resistance. Year appears to be quite variadble,
with inoreage:of carbon up to approximastely 1.30% carbena Above
this figure it appears as & more or less straight line relationehip.
Carbon hag approximetely the same influence an all compeositions.
That 1s, 1f we draw an imeginary line through the peints of sach com

positien plotted aon each chart, they will be more or less parallel.

This applies, of course, to carbon contant



ot 1.30% and elbove.

Varban has a greater intluence on wear reasistance
than any other element investigateds Its cambination with the
other elements end the reaeon for thie inrluence will be conetdered
leters With the lower carbon contents, this influence is not eo
well defined. Kepecielly is thie true or the Uarbom-Mangane;;e
ateelsa

A study of these iwo charts in combination with
tae cngz't.e or Wear Vs. bBrinell fqr each type composition may now

be coneidered more fullye

'UARHON STEELS <« (Results Kot Plotted, )

‘The beest wear results obtained were from cast~
ingss A chilled casting of 3.87% carbon snd a Brinell of.512/350
gave a wear o .45. A lowering of the carbon to 2.99% and the-
Brinell to 420 geve .54, which 1s compareble ta .45, However,
lowering tne carbon to 2.20% snd the Brinell to asdout 250, gives
a wear of .87, which ia double that of the highest cerbon material.
This material, on the other hend, is macni_.nable where the others
are nota

Increasing the carbor content Increases the re-
piptance to wear. A 1.32% carbon and a Prinell or 144 hes a wear
of 2.2, whereas a »T74% to .f8% carbon, a regular rell eshell com~
position with Brinells of arcumd 200 to 225, has a wear of 2.40

t® 35.06. A o24% carbon with a Brinsll of 119 gives the poorest



280 ISV4

260

1

& |
240 ;O‘l V
M

2,20 /

WEAR
®
[»3

160

140

1.20}—

100

AN

N

CARBON - PERCENT

Figa 5 » Wear Vs. Uarbon Content at 240 Brinell Hardnessa

33.

70 80 .90 60 WO 120 130 {40 .50 1860 170 (B0 80 200 210 220 230 ~ 7,



ia)
o

22y

o

I

(1
(=]

40

F’EldeEfil%o 170 180 190 200

g

210

Tige 4 = Wear Vs. Carbon Content st 280 Brineall Hardnesse



wear of 3.25. 1In these forgings the carton Is mot high enough to
be ot any real benefit in wear resistance.

A carbon of 2.,00% or better gives excellent wear
resistance, even with = Brinell hardness or around 220, ‘his carbon
content, however, calls ror castings, as it 18 not a practical prop-
oeition to forge it auccesstully. <Chilled cast iron has excellent
wear reslsting poesibilities, i1te extreme brittlenees being its

only drewbackas

CARBON =~ MANGANESE STEELS —~(Fig,5)

the addition of Mengenese, in the smounts investe
1gated, to high carbon castings nas little or no effect on the wear
resistances ‘the flpuree given roi' EB1465, a 2+15% earbon, Mangan~
ese 2,(0%, with Brinell of about 288 gave an average wear or «F0.
Tnis compared to a straight carbon casting of 2.20% ecarbon, Brinell
of 290 and wear of .87 does not gilve any advantage to the Mangenese
casting. Batfield's Manganese steel of 1,20% carbon and 12,05%
Menganese with Brix;ell ot 160=177 gave a wser of lddls) 13 Thie
type of steel, of courss, is used extensively in the crushing of
products and gives excellent results, especlally where impact 1s
to be coneldereds No Mariganeee chill castings were available for
tests

Tne additlien of Mengsnese with carbon up to
1,268% to the forglng compositions gives no advantage in wear reeiste

ance, At low Brinells, belew 220, wear resistance is not pertieu~

5.
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Brinell belng reletively flats This is especlally true with Brine
ell above 240. As the carbon content increesss, thls flattaning
1s more proncunced. sonferred hardness, theretfore, has very little
efrect on the resistance of thie materlsl.e Intrinelc hardneass zeined
by the use of carbon, Menganese and Molybdenum, appears to have a
greater influence,

Tne phyeslcal propertiee of the cast materiel ore
not exceedingly good- Tenslle strengths of 60,000 PSI to 80,000
P8I may be taken to be accurate, the lower valuse recorded are dus
to the flawe obtaméd in casting, as was explaluned previously. ‘fhe
extension and contraction are ebolt normel for castinge ot thls
sorta The impact value is exceedingly low, even when the especimens
were troken ummotohed. It is thougnt, however, tnat these phyalcal
propertioae are sufficient when backed up properly for roll shells
and other crushing implements, where no heavy impact will be one

count.ered,

CARBON = OHROMIM ~ MOLYBDENUM STEELS - (FIG. 7 end 7A)

The addition of Chromdum snd Molybdenum to steels
gives good wearing qualit.ies.- The higher carbon caet comsositions
are compareble somewhat to the Mangenese Molybdenum castings, although
the figures obtalned are higher. A carbon sontent abeve 1,40 seems
to be necessary for good resistance. Heardness hes s greater influ-
ence on wear of steels of this composition than it hsed om the Man=

genesge Molyhdemmm cartinga.
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Brinell being relstively flat. This %e especially true with Brine
ell gbove 240, As the carbon content increases, thie flattening
is more pronounced, Oonferred hardnees, therefore, has very little
effect on the resistance of this materlal. Intrinaioc hardness ggined
by the use ot carbon, Mengensee and uc;lybdmum, appeare to have a
greater influence.

The phyeical properbio\a of the cast materisl ere
not exceedingly good. Tensalle etrengths of 60,000 PsI to 80,000
P8I may be taken to be accurste, the lower valuope rscorded are due
to the flaws obtainad in ceesting, as was explained previously. fThe
exteneion and contrection are about normal for castinge of thle
sort. The impact value is excesdingly low, even whan the speeimens
wore broken unnotshed. It ie thought, however, that these phyelcal
propertiass sres sufflcient wher baoked up properly for roll ghells
and other crushing implements, where no heavy impact will be ene

countered.

OARBON =~ OHROMIUM = MOLYBDENUM STEELS — (FIG. 7 and 7A)

The addition of Chromium and Molybdenum to stsels
gives good wearing qualitiee. The higher cerbon caet ocompogitions
are comparable scmewhat to the Mangsnease Molybdenum castings, elthough
the figures obtained are higher. A carbom content above 1.40 seems
1o be necegeary for good resistaence. FRardneess hae a grester influ=
ence on wsar of stesla of thie composition than it had on the Mane

ganose Molybdemm castingse
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The torged materigl of thie composition im not a
particularly good wear raelster with the lower carbon cantents, but
above 2,00% it gives promising resultse Increasing hardnese incressas
the registance of theee lower carbon materimls which are forgable.

the physicael properties of both the castings and

torgings are coneidered to be sufficient.,

NICKKL CHROME AND NICKEL CHROME MOLYBDENUM = ( ¥IG,8)

rorgings ot thess campositions are not goad wear
resisting meteriasls with the carbon cantents studied. Increasing
the Brinell hardness improved the wear coneiderably in the Nickel
Chramiun compoaition, but not enough to give it good wearing quale
1tles. Nickel as an alloying element does not improve the wear re-

sl atance,

CARBON » MOLYBDENIM =~ (¥IG. 9)

Castings with carbon cantents above 2@ percent
are very good. Increasing the herdnees above 400 Brinell gives the
best wear results obtained. However, the ductility  of thie mate
erial 1s s0 low that early breakage in roll shells is feared. COar=

bon contents low enough tor forgings were not studied.

UARBON =~ CHROME

Carben Chramium castings appear to have good pos-
aibilities. Only one compositien was tried and very goed results

ware obtained. However, one test cannot declde in favor of sueh a

42,
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composition. The phyeical properties ot this composition were not
obtaingble, but it 1s thougnt that they are not sutticient to allow

ite uge.

WHAT CAUSES GOQD WEAR?

It will be noticed that the carbon content in all
of the compositien studied, with the e xception ar the carbon~mengan~
ese materials, had a greater influence on wear resistance then Brine
ell hardnesses The carbon<mangenese material appears to ect in the
opposite direction, e.i. higher hardness gives better wear resistance,
more or less, regardleas of carbon content. Why? The answer appears
to be tound in the micro structures.

ror exemple, let us take the Ohromium Mol ybdeaum
castings. EE1322 (0 1.29, Gr. 2,10, Mo. .25) witn Brinell ot 190
gives a wear ot 2.96 (Fig.10), =t 218 Brinell, wear is 3,08 (Pig.ll),
at 224 the wear falle back to 2.95, (Fig.12), a higner Brinell gives
2,81 (Pig.l3). PFig. 10 end Flg. 12 have the carbldes about the same
ghape end size, well spherodized and the wear ot these two speclmemns
1s the game. On the other hand, Fig. 1} showing the structure giving
the poorest wear has wmuch smeller carbides, although well sphero=
dized. As we get to the higher Brinell Plg, 13, there 1s slightly
less carbide present, but yet well epnerodized. The wear of thls com=
position 18 not very good in comparieon to the higher c;rbon materlal.
However, EE1318, having a carbon content ot .76 hypoeutectold steel
with approximately the seme Chromium and Molybdenum ascts decidedly

different., Fig. 14 showe the microetructure giving the lowest Brinell

25



and lowest wear. This is g completely spherodized structure with
very tine cerbides. rigures 195, 16, ena 1{ respsctively, show the
ebructures of succeeding nigher 8rinells and corresponding higner
wear resistances The apherodized carbides in each case get smaller
and emaller until in Fig. 17 we have a peariite which has the best
wear resistance and greatest nardnesa.

dn the other extreme, KEL421l (U 220, Cr. 2.33,
Mo. .39) glves the best wear for this type composltion. IKigures
18, 19, and 20 show the structure obtained at succeedingly higher
Brinells and lower wear Pfigures respectively. Note the slze of
the carbide particles. By increaeing the Brinell from 207 to 545,
a difference of 85 points, wear le decreaeed only .20, whereas in
the case or EE1318 increasing the Brinsll 64 poiats, decreasss the
wear .{2. The hign cerbon materlial does not react readily to hard=
nese in giving gosd wear resietance, whereas the lower aurben does.

In the case or the Chrame Molybdenum forgings
rige 21 to Fiz. 28 inclusive, photomlicrographs ot the EEl1352 and
EE134% may be atudied, EK1333 having the highest carbon glves &
better everage weer than EE1332 a lower carbon materiale Again.
it will be noticed that carbon content controles the wear reslst-
ance. Tne size and distribution of the carbides agein appears as
an important factor. Xt will be noted that the carbldes are uni=
form in elzs and distribution.

The earbon menganese forgings are peculiar in

g% .



fhat wasr resistance appears to depend on the Brinell hgrdness alone
and not to any extent on carbon clontent. Flge29 to rig.32 ghows t:he
micro structure encountered in EE1396 (C. »93, Mn. 1.87) Fige 29 has
8 Brinell aof 184 and a wear of 3.03; rige*0, Brinell ot 195 and wear
Or %,22; Fige3), Brinell 215, wear 2,65; #ig. %2, s Brinell of 321
and a wear of 1.26. Succeeding higher Brinells give succeeding
better wear. rig. 29 is a partlally spherodized structure, ¥ig.

33 1a pearlitiec a3 is Fig. 21, and IF1g. 32 i8 a mixture of pearle
ite and sorbite. The carblidee are not prominent in any case. ‘The
structures snown esre typical for all forgings of thls compositione
The one carbon megngenese casting studied had atyplcal chilled struc=
ture with the pearlite well spheredized, and with considerable ox-
cese of carblide in large masses.

Fig. 55 and rig. >4 ahow the typical structure

castinges.
encountered the high carbon Manganess Molybdenumy The massive
size and smount of the carbides should be noted. Wear resistence
of thies composition is very good.

Ihe micro-atructures of ell compositions were
studled but are not included in this report. The ones used are
typical of the structures encountered.

To stmmarize sll of the above, 1t is only nee=
ceaeary to note that the carbon steels, C-Mn. steels, the hypoeuteec—~
teld Cr. Mo. fargings and castings have a pearlitie or sorbitle

struaeturea with ne excsss of carbidee. However, when spheredized,

tHese structuree have the carbides in very emall gFlebules. The
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types having the above structures have wear that depende on the
Brinell hardnesse On the other hand, those compopitions which have
conglderable excess of carbide, hypoeutectold steels, somes of which
is in large masses and the matrix mpherodized in large epheroide,
have excellent wear resistence. Thle reslstance is not altogather
dependent on the hardness.

The compositione contalning appreciable amounts of
Chromium and Molybdenum give the best wear resistance. It Lg well
imown that these two slements, together with Tungsten, and Vanedium
have a tendency to take up the carbon ot the steel end preclpltate
it ae complex carblde eutectices, the amount belng a funetlion of relw
ative smounte of cearbon, chromium, molybdenum, tungsten and vanadium
present. With high cerbon content, iron and Mangenese, in the
presence of low silicon will slso form Iron and Mangenese carbidee
in the form of Ledeburite. ‘heese are chill cast structurees which
also give good wear resigtencs.

I'neae cerbides are axeceedingly hard and brittle.
If they are embedded in a soft matrix, which 1s strong anough to
held theﬁ in plsee, they will offer oanaid_ere‘ble resistance to
abrasive wear. Rkspecially 1s this so 1f the cartidee are large
enough and close enough together to keep the grit from attacking
the soft matrix or to get under them and pry them out. Oonsequent
ly e well ppherodizsd matrix, having . lerge carbide particles,

gives excellent wear. Breaking up the large carbidee by forging
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Zivee emaller spheroide which, if plentizvl cnoupgh, zive <05d wesr
rasistance,

On the other hand, ths compositions, which are
such that little or no carbides cen be form:d, such as the lower
carton, and lower carbon-monganese steeles muat offer & matrix whicn
is hard enough to withstand the cutting aetion of the grit. Yor
this reaeon Brinell hardness plays such ar importent part in the
wear of such meterlal.

In th. beginning or this diecugsion, 4two types
of hardness; intrinsle and conferred hardness, were mentioned. It
can now easlily be eeen thet the intrineic hardness, eepecially in
the reelstence to wear, ie & 1unction of the amount, s=ize, and
hardness of the carblies present., Conterred hardness, on the other
hend, will improve weer by offering = hard matrix to be worn. Jp=
trinste’bardnees, because ot its ability to otfer a much harder sure
tace 1o be esubject to wmar, appears to L2 the best wey to get good
woar resistant steels. Throughout thta discuselon, férginge and
castings have been treated more or lees séparately. The idea being
kept in mind during the investigation to determine, it possible,
the besgt way to fabricate the materlal. The evidence collected
pointas to the fact that carbon content, together with the alloying
elamente, 1s the one thing that controls wear resistance. Whether
the material 1e forged or cast is not of any great impertsnce, ex=

cept that too high a cariom content carnot be readily forged.



In considering the advieability or using forgings
or castings, the tact that the forgings give much better physical
propertiss must e borne in mind. Tns use ot a lower csrbon content
with slignhtly poorer wear reelstance may at “imes be necessary, in
order to mset the pnyelecal reguirements to which the masterial 1= to
be eubjeoteds Tne high carbon castings may be used only where they
can be properly supported end are not liegble to be subjectead to

any grest amcunt of impsact,

CORRELATICN OF THE TYPE QOr WEAR TO SERVICE CCNDITIGNS

A number at roll shelle and crusher parte, made
rrom various compoasltione diseussed In thie theeis, have been put
into actual service. Up to the present time, no results have been
obtaired. It hae, nowever, been determined that a .JOB80 carbonu,
Chrame-Molybdenum roll shell showa an actual saving of about .08
cents per ton of ore crushed when compared with a 70480 carbon
ghell, without the alloying elementss Our test showe a wear of 2.34
for the Chromediolybdenum material and 2,61 tor the straight care
bone A small difference in wear yet encugh to make it economical
for the concentrater to huy: the Ohrome=Molybdenums materiale

A pumber of these compositians that show zood
wear resistance with good temsile prOpertioo ars not applicable to
any but abrasive realstances Under impact they battsr up very

easily and will net equal the serviee that een be given by Hatfield's

Mangenese Steel.



1.

24

5a

4.

S

SUMMARY

A machine for testing the wearing qualitles of metals againet
abrasives,with reassonable ability to duplicate results, is
described.

Tegata were run on speocimens of carbon, carbon-msngsness, manw
geness molybdenum, carbonschrome~molybdenum, carbon=molybdenum,
end carbon chramium eteels of varying carbon content, and
Brinell hardnesa.a

Wear sppears to depend on hardnese, both intrinsic and cop-
ferred; Intrinelc, which ie controlled by the carbon content,
baing the most influential.

The addition of alloying elements, which have the sbility to
precipitate out of solution as carbides, improves wear re=-

in stance. Chromium and molybdenum are two such elemente.

The size, hardneee end distribution of the earbldes influences
wear. The maximum smount of carbides imbedded in a goft

matrix, such as ferrite, being the best.



Figel0.EEL322(B1e29,Ura2:20,M00 +25)  #lgoll.EK1322Brinell 218
Brinell-l90,'\vear\b2.95. X500 Wear—3 08 X300

Figel2-ZE]1 522=-Brinell 224 Figel3=KE) 522=Brinell 312
Woer=2,95 %500 Wearm2,81 X500

A1l epecimene etched with 10% Nital
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Fig.14~EE1 318( Ve 76, Ur o 1 .92, M0 . . 54)

FLgal5~Ef1 328= Brinell 206
Brinell=192, Wear 3.06 X300

Wear 2,97 X300

Filgel&aEil 318= Brinell 218 FigelT=EE1318 = Brinell 256
Wear 2.85 m WQa,r 2.54 X300

A1l specimens etched with 10% Nital.



rlg.18-ER1421(Ue2420,0ra2e55,M04039)  Flg.l9,kE1421=Brinell 257
Brinsll 254, Weer .24 X500 Wear 1e21 X500

FLge Xmpli]l 421mBrinell 345
Wear 1.04 X300

A1 epecimens etched with 0% Nitels
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. 8- 21-Eh:1552k0.1-81’ Ure2e¢3/,los 30 ) Fge 22,~LE1332~Krinall 248
Brinell 224, Wear 1.77 X300 Wear 2617 X500

#lge23=ELl 352-Brinsll 279 Flga24=il1332 ~ Brinell 311
Wear 1aT2 X500 Wear 2,08 X500

All specimens etched with 10% Nitals
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P1ge25=KEL 355(Ua2002, Ure2e14,Moe e 28  1ige26, KKI355 ~ Brinell 295
Brinell 236 Wear l.45 X500 Wear 1.52 X500

rigs 27, EE13%335 —~ Rrinell 291 Frig.28, Exl333 - Brinsll 345
Yiear le39 X500 Vear 1426 x300

Al specimens atched with 10% Nitale
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Flge25=KEI336(Ue«P3,Mn.16()Brinell 184 T1ga30, Zxl346 -~ Rrinell 195
Y¥azr 3.03 X500 Wear 3422 X300

- :
Klge3l-8El 396~ Brinell 213 rige32, Krl396 =~ Brinell 321
Wear 2.65 X500 Wear 1l.26 =~ X500

Al)l specimens etched with 10% Nitala
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Flg. 38 = EE146L (C. 2,20, Mn. 2.33, Mo. .41)
Brinell 252 = Wear .97 = X500

Fig. 3§ ~ RZ1461 = Brinell 331 = Wear .553
X500
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