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Effect of Raw Materials Used in the Production of Malleable Iron

By Shinnosuke Yamamoto, Masayoshi Iwase and Shinjiroc Masamoto
Tobata Works, Hitachi, Ltd.

Abstract

In the production of malleable irons, it has been observed that the quality and
the quantity of pig iron added to the charging material and the method of melting
have a major bearing on the quality of the product.

For the melting of the charging materials, the writers used various pig irons as
addition such as charcoal pig, coke pig, electric furnace pig iron and cast irons which
were melted repeatedly in an electric arc furnace from once to five times. From
these heats they got test pieces of white cast iron by means of a high frequency
electric furnace melting. And they researched into the annealability and the tensile
strength of malleable irons using these white irons.
that follow :

(1) By the use of high percentage of pig iron, which is considered to be of less

As a result they got conclusions

high-temperature hysteresis character, the graphitization of white cast iron is
accelerated, while with the decrease of the percentage of pig iron addition the
graphitization becomes difficult.

(2) The more times melting is repeated, which means much high-temperature
hysteresis process, the more difficult becomes the graphitization.
(3) The nitrogen content in white cast iron which is analysed by Kjehldahl method

is closely connected with the above properties.
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The Effect of Various Elements on
the Graphitization
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Table 2. Special Elements Included in

Various Pig Irons

t % & 4 (%
Ti\Ni\co\Cu!Mo\cr[v

£ @ 0017 Tr 0005 0006 Tr | Tr ;0.040
% || S # | oL = | = o.2m 0.060‘ Tr  0.020
'S # (2 0.011| Nil io.mo 0.011 0.001| Tr Tr
e ‘M B (1) 0.027 — | — 0.111 0.189 0.048 0.020
‘M g (2) 0.036 0.033 0.006 0.032 0.002 0.011 0.106
g | T #0038 — _ 0.145 0.150 0.09 0.023
T % (2) 0.182 Tr 0.006 0.012 0.001 0.016 0.281
~ H #ED o 015 —  —  0.009 :! Tr || 0.019 | 0.020
e H $E(2) 0.064 0.008 0.003 0.005 0.005| 0. 005 0.003
w A HED 0029 — — 1 0.009| Tr | Tr | 0.016
A # (2 0.006 0.016 0.015 0.204 0.020 0.008 0.010
| Y #0001 — | 0.437 0.039 0.067 0.033
® v @2 0.047 0.052 0.011 0.234 0.001 0.010 0,011
R B (1) 0.109 — — 1 0.178 Tr 0.048 0.026
'K $ (2| 0.042 0.010 0.011 0.228 0.004 Tr 0.024
g W £ (D 0.057 — — 0.180 0.185 0.019 0.043
W # (2> 0.015 0.015 0.008 0.094 0.004 0.015 0.036
® N % (1) 0143 — | —  0.319 0.018 0.013 0.013
£ N $(2) 0.0280.043 0.030 0.330 0.001 0.001 0.019
£t

K. 3% 0.013| — — 0.280 Tr Tr 0.025
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Table 3. Analysed Value and the Rate of
Mixture of Materials Used

| (t 2w 2 | WA EA
‘ s | Cr | (%)

| C | 8| Ma{ P

A & (A), 3.80] 2.09| 0.64| 0.161 U.Oﬁgl Tr ]
45.9

A 2 (B)| 3.65| 2.07| 0.64| 0.161|0.049 Tr |

N £ 3.47 | 3.29 0.55 0.166 0.004 Tr | 34.6
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Table 4. Results of Tensile Strength Test

KEF2MHERHLE L 2
O OE B 7E =

NsERERALIZ L3

® | f = h K M *

(kg/mm?2) (%> - (kg/mm?2) (%)
38.4 : 12.0 32.4 6.5
39..1 12.5 34.9 i
38.0 9.0 36.1 11.5
36.4 10.0 33.2 8.0
35.4 14.0 34.3 10.0
36.5 11.0 36.0 11.0
36.6 | 10.5 37.4 125
39.7 10.5 S | 12.5
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Table 5. The Kind and Chemical Composition _ _
. L, BSRIIRT SFHEHOSSAIEH LT OIiRssEs4
of Raw Material Irons Y 2R 2 o FISBEIR
— — HET 5L, BTRLEY 50~60% {FHL, =
it ¥ i a3 (%) _ i A e g )
8% 174 " ‘ AUSHS OB 2B ST 5D ThH A0 6, Tk &
C. | 8 | Ma-| P 8 Cr : o e
Sl Tl BV S HE% ¥ ORECT 22k I TH 5. MucstE
S A B & (A) 4.40  1.08 ‘ 0.57 | 0.048 | 0.016 Tr B SO :
RS Lo | | RS 2120, FSROR LBOMESEE 86 ED
S KB #E (L) 3.95 | 1.62 | 0.48 | 0.046 | 0.013 | Tr . | T i
TA RS | 3.55 | 2.28 | 0.043| 0.216 | 0.011 | 0.009 < S HERIC 2 TRER L7z, FPOBHICIE 35kVA
| |
AEFES (B) 3.41 | 3.72  0.68 | 0.140 | 0.080 | 0.014 - o :
Lk 5 % 6% A BoBEAHAEK X2 R 5
AZiE# (D) 3.40 | 1.52 | 0.30 | 0.144 0.098 | 0.009
H %47 8k "3.98 | 202 | 0.77 | 0.086 | :0.036 | 0.017 Table 6. Classification of Test Pieces by the
Y & IF 8 4.00 | 2.3¢ | 0.75 | 0.132 | 0.022 | 0.017 Rate of Mixture
K7 g (B) 3.9 | 2.50 | 0.69 | 0.198‘ 0.033 | 0.043 . |
Kﬁgkﬁﬁ (C:J 4.00 2 46 ! 0.3¢ | 0.209 0.030 | 0.030 @ﬂ%@)ﬁﬁi i %’F‘L %{{ %) ELE‘ (%) |ﬁﬂ%{{'@ﬂﬁ (%)
®BK % (A)| 2.60 | 1.94 | 0.58 | 0.065 0.250| T
NZBK &% (A | | | X A ¥ 50 0 =Y
N#®<# (B)| 280 | 3.8¢ | 0.79 | 0.236 | 0.380 | 0.017 |
YE L 3.10 | 1.70 ‘ 0.45 | 0.052| 0.082| 0.031 B . B & ¥ 35 =Y
B #E R L 2.56 | 1.25 | 0.40 | 0.131  0.086 | 0.022 C . B 15 # 75 -
& 7 # 8 o B OA& Kk v 1 % OB 4
Table 7. Mixing Rate and Chemical Composition of Test Pieces
i Hul@ge| B & B & (% H oM R e (%) \ L % R B %)
g &k wmm || — — |— e —
AT B ik RUE| S g% %ﬁﬁulﬂ%lFe—Mn{ Fe-P | S | r Si | Mn } P ‘ S Cr
_ | ,
28 A | 50 0 39 9 2 | — | o025 | 0.08 | 256 [ 1.10 | 0.43 | 0.114  0.084  0.009
S K K B 426 B | 35 35 20 5 5 0.08 ‘r 0.20 | 0.06 2.72 | 1.07 | 0.46 0.124 »:1.105| 0.023
ATl oo B B | — = | — | 268 | 1.03 | 0.40 | 0.100| 0.09 | 0.02
| |
429‘ Al 52| o 30| — 18 | 0.40 | ~ \ 0.08 | 2.72 | 1.13 | 0.38 125 | 0.105 | 0.034
' & K % | 421 | B 36 | 35 19 — 10 | 020 | — | 0.05 | 2.64 | 1.05 | 0.25 | 0.193 0.109 | 0.014
[ | |
1 388 | C | 16 ‘ 75 8 o= 4 | 0.11 i — | 001 | 272 | 1.06 | 0.31 126 0.100‘ 0. 030
. [ |
30| A| 55| o| 38| — | 17| o007 | — | 005 | 270 | 0.9 | 0.3 | o001 | o0.106| 000
A 5 I/ & ‘ 390 | B 35 35 15 — | 15| 0,06 | — | 0.04 | 2.72 © 1.09 | 0.31 | 0.09 | 0.110  0.039
‘391‘ C | 15 70 5 | — | 10 | 0.06 ‘ — | 002 | 268 | 1.11 | 0.32°| 0.105| 0.104 | 0.039
!
a2 | A| 57| o 3| — | 8| — | o016 010 268 | 1.12 | 0.57 | 0.104| 0.2 | 0,039
H & /7 % 33 B | 39 BETE P e 4 - 0.15 | 0.07 | 2.74 | 1.15 0 0.33 | 0.112 0.127 | 0.039
3| C | 19| 6 | — | o — | — | oo | 2 S LIl 0.40  0.086 | 0.105 0.030
- A e y L | ot = rugl] |
395 A | 49 Bt B 3 | — | 010 | 010 | 2.7 110 0.57 | 0.093 0.087 0.043
Y & /A & 3% B } 34 | 3% | 23 | — } — | 0.05 | 0.06 | 2.66 S L1l 0.46  0.090 0.088  0.039
i c| 1| n g | — _—— ‘ — | 0.07 | 2.68 | 1.08 | 0.39 0.098 0.093 0.034
i I = -._l | : l' - . e - =. -
423 A 49 0| 3 | — | 16 | 0.14 | — | 0.08 = 2.68 | 1.15 | 0.51 | 0.121 | 0.085 | 0.014
K & I/ & 44| B | 33 35 22 — 10 0.06 — | 0.05 2.62 | 1.12 0.48 0.127 | 0.098 0.031
400 C 17 71 8 | - 4 — — — 2.60 | 1.10 0.34 0.122 | 0.087 | 0.034
o - I| - 3 — e e
404 A | 50 0 W | — | 3 — 0.23 = 2.73  1.18 = 0.58 = 0.111 | 0.147 = 0.053
N ® & % 45 B | 35 35 9| — | & | — | 015 | — |27 | 122 | 0.4 | 0.08| 0122 0.034
406 | C | 16 = 73 3 ¢ = | & | 003 | — | — | 26 | 114 0,40 0.094 ' 0.138  0.034
B | _ | I I )
433 A | 63 0| 21 - 16 | 0.07 | 0.25 - 2.68  1.23 | 0.49 | 0.127  0.098 | 0.039
| [ '~
Y 8 £ 8 437| B 42 38 12 - 8 | 0.03 | 0.15 - 2.66 1.06 | 0.3¢4  0.119 0.086 0.022
43| Cc | 19 | 72 5 | - 7 - 0.07 e 2.64 | 1.10 = 0.37  0.121 0.110  0.034
L. | 403 | = — | 100 — — — - | = — 2.50 1.01 0.35 0.112  0.098  0.031
RU & & 67 |
| 409 | — | — | 100 - e = = = & 2.56 | 0.97 35 0 0.093  0.031
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Table 8. Time Required for Completion
of 1st Graphitization

AL & D & &
# % o ¥ H= - —
A B & B A& | CHK4&
S & B 8 ~ 05’ 4° ~ 20 : £° ~ 307
T K R # 3° ~ 357 5° ~ 15/ 6° ~ 40
A 5 F 8 5° ~ 157 o*~05" | T*~08
H & F %?ai 4° ~ 007 50 ~ 307 ~ 20
Y & & & | 4°-~30 50 ~ 157 50 ~ (5
K & 7 8| 4 ~05 ~300 | 40~35
N B & &% | 5 ~25 | ~ 207 6° ~ 207
Y & & & | 20~3" | ~ 0V 6° ~ 107
RURBHER — | b 6o ~ 25’
RUFEER - | - §° ~ 05/
el EESE Y Y, —EoREE 5.5kg 1Kk

EEr, 1,450°C & L, EHMEsEBElE R OHiaRAERA
DORE 2 IER LTz, RE2BHRT BT, iz Yy F
2 — 2 AT Lo, &rESHESE Fe-Mn, Fe-P Jz
ﬁ%ﬁﬁﬁ%ﬁ@bf,M%ﬁéﬁosﬁﬁm%ﬁ@m
512881, KPP oI E R OYLFEN % #E 7 & (HI

Eﬁﬁ)mmfo

(2) &2 B & &

(A) EpMbdE

Sk 1 BB RO )T, 8mmy, &K
X 90mm ORERRE A THFRL, IhEEEZK

SIZIESHC X b 920°C I FLC, T oERESE TR
H%k&tgﬂﬁ2h$ﬁm£§®n 2k, JREEERR
I h I LE-RE A ESIE CRIFRCBE L €, 81 EGR
MR SEAC ik b T, 600°C ¢ 10hr 2T
AL, FOROFEMEERMEY T 5 & TEBNCEE
1;0,5ﬂ—74bnwwtfi?fﬁf*ﬂx@fmj&
& D582 BRI DRES 1 AvhaE Ui, O OFHMEER

mlﬂ%%lﬂhrﬁr%8%&0%9£m%®%%%
T, B ERENARCRLTVA L0, BEESD
5% Mn 2E L e Ec, T DDHITE 2 Bk
BN AR L e o LEELMICHBT ENICE D TH D, =

No. 435 Y ﬁ%ﬁcmﬁ
ok ® E o K 1 (X50)
Change of the 2nd Stage Graphitization due to the Percentage of Pig Iron Used (x50)

No. 408 B U fiEEE

% 9 F & 2 B E It & E o &
Table 9. Comparison of the Speed of 2nd

Graphitization
L O™ BEA_A-74 DX 24 MR (%)
Bk O EET A & B & | CR#
S & g & 008 | 0.28 0.17
T & B & 0.05 | 0.19 0.39
A & B % 0.18 | 0.43 | 0.28
H & %E‘ 0.40) 0.28 0.40
Y B F % 03 0.16 | 0.2
K & i/ 8% 015 | 0.17 | 0.28
N ®% & #£ (035 0.28 0.28
Y & & & 0. 06 0.15 | 0.19
RLBHIEE — - 0.58
| 0.50

KLU GG - ~

DREER BET 5 & B EEBEI SR ORRIRIC &
LRBDOTHET B, TR L CHgDRGE
iz X AEENEL RS VI EBEBCEED b S . HID
HighA SECHFEALTRELBYEE LTIV 5D A&
I E LB <, FigkoEA KT it o TR
e, RLE*BHBRLICLONRIELSLOPTVD,
O 85 2 B AV N T, TOERPFETH S -
ek INILUELS Lo aTiy, SR OiBRILEN
NEFSEHC A D C LT BB L TV 5 DTS
Wind B b ADT, BeEEERIL LItV EER
St R ST X D BT F AT, £ OFEAIRERT0
BT TR TH2T, FREoRE(LEEOEILC
N B DIBRTEO BT TR T 5 DR T\ & & 2H5IE
CHoT, CERRLD EELBND, ELHFEV)
B & ER LB I TV 5B THE 2T, it
BEROZ VD THDH. THICEmEERZ O T uis
b%%&mﬁf BICHEDT, BEMEMRL 7LD L5 &
HAH S HDBHRTH D
(B) BErSIEE
%ﬁFTﬁ%ﬁmﬂ%ﬁ%ti§®i ST OAVER
BBy, SRERE O FERE 1L OB O D T R EAREE
@W@ﬁ%@#%ﬂ EEOEEHEL DT, 2
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Table 10. Special Elements Contained in
Test Pieces

— T
A %—;ﬁﬂﬁ%ﬁ%ﬁﬁ Ti Al Ni N -
: T O T R, L B
S K R & 426 B + o} = 21 o
27 | C +- + — —
oo N | e % + + s
| | |
T ﬁ( ﬁ.cl. %E 421 B ’ + -+ — 1 -+ No. 429 No. 388
388 C ol ¥ [orstaren=ntl oF
430 | A + + | + —~
" P B 390 : B + | = — = 5
i 391 : C_ =" —_r = = =
392 | A S Al et = - i
Ha R & 393 B - i - 58 i P
‘ 394 | C + | - = =
I 305 X r + 4+ | — = — S v
Y 5 & I 9 | B | #4% | — L= —~ AL
| 397 < T - -
423 | A+t A+ | = | =
K&F & | 4| B |+++| ++ | — —~ Y
400 | - = _ L
| [ | s e I =
404 | A - — + — iz
N 8 K # 405 B + | - = g o
403 C + -~ + -
| 433 | A + | % & _ £
' = A
Y 8 5 & 437 | B A | s i _ No. 39 | No. 397
435 | C + | # + .=
1% 73 Wl IR I R ERcaN
W AL o | — + - N
(%) (1) KTERBI & 5 EEAFOR &
(2) FFOFFIKOML .
(=) EBF, () 8, 4+ 8, (+H++) il 5
1L X 1 B A B O OB
Table 11. Results of Tensile Strength Test
No. 404 No. 406
MeEOME, A/ & | B B & C i & s g1 gt
;ﬁm o ik ; 200 M KFESESE R IV CEEBI U 7o BT R GH 8 o MK
D | ek | OB gepak | PUED | paas ( %50)

. - kg/ . Kz | ks! ; |

graxomm (8l 2) @ [(FBle) e |(5ls) @)

' o i icTo- of Malleable Iron,
S A # # | 29.1 | 10.2 | 29.4 8.3 | 33.4 | 17.0 kig. 2. M]CI‘O.StI'UCt-ul’e P‘f I ( x50)
T A& K # | 288 | 88 | 36 | 155 | 342 | 15.9 Used in Various Pig Irons )
A® s | 3.8 | 159 | 33.8 | 16.7 | 34.5 | 17.2
H ® /&% | 291 | 10.6 | 32.2 | 15.7 | 33.3 | 16.1 P —— ; .

| = 3y T EHBIC L ARENGE HABHETHL D

Y & ¥k | 27.5 7.7 271 7.1 | 24.8 9.4 L& 9_& FERORCE R &

K& iF &% | 25.8 | 4.7 | 28.8 | 9.1 | 29.0 | 9.6 T, Fghr ZECHA L TRIMED R\ & DIXFTRTD,
| . - o™ -
N & & 8 | 2.8 5.3 | 27.6 : 6.3 33.7 : 15.5 Ahfmdbic# | BaMboEWC CHEIE DA IRES], It

Y ® & ¢ 26. 7 7.3 | 31,4 | 133 | 31.8 | 9.3 _ :

e Syorion I e el Hﬂ%&iﬂ:&if&i&?é&%;. = DRBRF O % T T B L

e - | = e 5 | 16.
R Uil o : - | — = P Eea | s0 , BB DOIFF OBEIRED ltﬂ*ﬁd’JE‘F{ﬂu

Etfﬁb,ﬁttmﬁt%efi%ﬁﬁﬁﬁﬁ

DOHEL D JES 4 BREGRFZHEID L T, HERER \NOma,1@t&£ﬁ%ﬁ%@%%mmﬁmﬂf,&
2T, HIEER 2 KoEBOFFZEHTHLD2 T, £0 ENEL ko TwA L0 HEibh b, FisEikoz s
ta A BINRICRT . Z OREE G RED B EE & [F YE2ET T, - oORERFITIERE ORI L TR D
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BEsti 2 {7272 D T, OBl 1 7 VIXCELEOHEEIC
Ll I OB OR B HZIEST LI DO TH 570
2, X5 i a8 oo ThoT, AFREDOINY B
feD BN DICEEDOBE Y4 7V TBESL L 7235 &1
L, BOBEDIEHEELX I S LD ELHEHFINS,

BikE A<, FZHOBMEELETITONT, Bibs
BlhdEwd o did, FishishBVER %Y 5 T\
\WODT, ZHAOEIGEZHETICON TR OMEEN R
{leh, ZTORBERMENBE 42 LEL KDDL EZDL
N5, BERE—RICERAERY 5 T 5T ASEFE,
B IEY=SENT 5 L b T BUTE UM
BB CMELEEL LIERT 5L, BHnE 4
LB e BDOTIRIswh EFRENE DT, ROER%Y
fr ok,

(V) B RALBRBROLEICHLVLT
(1) LB DA X

EERME & LT, AGFgEZ 7 3 1 (ERHEE
Ll THMGBE L ClE ook RgE:, B O
HBEEC X ) F . KT L ESFE AT 2 ZEBERE
TR TV ARSI gSE L © 2 FEEAY FV 7.
HIHRTF I OEERD AR GICHEATELOTHD, &
ZICERECHMYTLILOTHLD, 2D </ =L
~RBSFECHBRL T, B 1 EE 2B 2E
h, ZOHNO—PEAERBCEL, BHIBUBRLT
BRIE% 2 @ DI-BMEZIEDI, < DIPL LT, &
A SHEER: U EEEM 23R U CERICHE LI, &
12 OB O FEN SRR T S OREIOE

= 12 % #® KB Z L & @ & 1T » & & B kK U 8 M
Table 12. Chemical Composition of Material Irons and Added Pig Irons
Which Were Melted Repeatedly
e = —E T = e ol
ol BEAL] B A M H | B R R ft F R 2y (%)
S - = =
‘ & Bt A B (%) (kg) c Si | Ma | P S cr
F ~101 7L 3 FIFE 0 AZiFgE 75 1, 000 2.42 1.09 0.20 0.129 0. 085 Tr
F ~102 7 L 3 FiF 0 EhEgE 75 1,000 2.21 1.39 0.19 0.107 0.092 0.044
292 B £ i 1 e 100 2.42 1.25 0.16 0.141 0.089 0.013
293 2 £ A 2 No. 292 100 80 2.39 1.34 0.15 0.120 0. 087 0.009
294 B2 X F 3 No. 293 100 60 2.33 1.40 0.11 0,130 0. 083 0. 022
265 B £ JF 4 No. 204 100 40 2.40 1.35 0.11 0,141 0. 087 0.009
296 B £ A 5 No. 295 100 20 2.33 1.18 0.08 0.134 0. 084 0. 009
4 E—2052 %J%*% | 0 Ywslige 15 | 4,000 2.58 1.17 0.43 0.105 | 0.102 0.039
N
361 B KA 1 4E-2052 100 120 2.58 1.16 0.37 | 0.109 | 0.101 0. 039
62 | B K A 2 | No. 361 100 | 100 2.48 1.06 0.36 | 0.111 | 0.097 | 0.026
| |
63 | M K IF | 3 No. 362 100 | 80 i 2.44 | 0.9 0.33 0.119 | 0.100 0.037
e ! : : '
364 I B & iF | 4 No. 363 100 | 60 | 2.44 | 0.86 0.25 0.103 0.104 | 0.048
365 " B K 5 No. 364 100 | 40 ] 2.33 |  0.88 0.23 | 0.103 0.104 | 0.035
& 13 % 7 ¥ o B 4 k v 4 E K T
Table 13. Chemical Composition and Mixing Rate of Test Materials
| EERsD I & (%) | ft o R Z (%)
MEES | J|EAL | - — | _
ey | % A B B | AwFs |® m |@mm| c | st | Ma | P | S Cr
2% 0 e B 16 7 |7 2.51 |  1.08 0.37 | 0.141 0. 092 0.018
299 1 No. 292 70 10 7 | 13 2.54 1.02 0.30 0.133 | 0.090 | 0.022
300 2 | No. 293 70 8 7 15 2.55 1.04 0.31 0.128 | 0.094 | 0.022
301 3 No. 294 70 5 6 19 2.64 0.96 0.32 0.117 | 0.085 0.018
302 4 No. 295 70 8 7 | 15 2.59 1.02 0. 32 0.123 0.090 | 0.022
303 q No.29%6 70 12 6 12 2.54 0.94 0.28 0.129 | 0.091 | 0.013
366 0 4E-2052 85 5 5 5 2.60 |  1.02 0.32 0.101 0.107 | 0.031
367 1 No. 361 8 | 5 5 3 2.65 1.10 0.34 0. 096 0.105 |  0.039
368 2 No. 362 85 8 2 5 2.56 1.01 0.28 0.104 0.109 0.035
369 3 No. 363 85 11 = 4 2.46 1.07 0.27 0.106 0.112 0.035
370 4 No. 364 85 14 . 1 2.60 1.00 0. 32 0.106 0.109 0.031
371 5 No. 365 83 A 3 2.57 1.067 0.29 0.102 0.102 0.031
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Table 14. Results of the Rate of Graphitiza-
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298 0 5° ~ 357 0.15 32.6 | 16.4
299 1 $° ~ 40/ 0. 44 32.2 | 13.2
300 2 | e~100 0.48 216 | 1005
301 3 120~000 0. 62 30.0 | 10.1
302 4 g ~ 10/ 0.36 306 | 10.7
303 5 7° ~ 407 0. 44 30.4 | 117
366 0 | 6 ~40" 0.69 314 | 188
367 1 8° ~ 007 | 0.78 30. 8 11.5
368 2 o ~ 200 0. 82 | 28.7 | 11.6
369 3 | 12°~500 1.53 29.5 | 13.3
370 4 11° ~ 000 0.78 0 29.7 | 13.1
371 5 ¢ ~ 007 0.35 | .31.0 | 15.5
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No. 300

No. 368
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Fig.3. Change of the 2nd Stage Graphitiza-

tion due to the Times of Repeated
Melting (x50)
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