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Study on Nodular Graphite Steel Rolls.

ﬁg Kok

 Tohei OTOTANI and Yoshiaki MASUKO

Synopsis: . . : .

In order to improve the re31stance to ﬁre crackmg and wear of . steel rolls for primary
hot- rolhng mllls, such as bloomlng, slabbmg and roughing rmlls, without reduction of their
strength and toughness, some characterrsucs of cast iron must be accompanied with the
properties of steel rolls.

It was, therefore, undertaken to apply nodular graph1te steel to rolls for primary mills to
realize the above idea. One of the authors has recently developed nodular graphite steel,
with use of a special Fe-Ca alloy, this steel having free nodular graphite even in as-cast state.

The characteristics 'of noduldr graphite steel were first investigatéd mainly from the
metallurgical point of view, and its promising applxcablhty to rolls was clarified.

The trial manufacture of actual rolls Wlth nodular graphite steel was next performed for
several mlHS
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The results of service performance of these rolls were, as expected, superior to that of
rolls, which hitherto had been used, with special reference to the following points: ‘

(1) Nodular graphite steel roll has a considerable strength and toughness. It has,
therefore, almost no tendency to breakage in service which has been often experienced in

cast iron rolls.

€2) Nodular graphité steel roll has a great resistance to fire cracking. It has, therefore,
further less occasions to be shortened its life by surface cracking than usual steel rolls.
(3) Nodular graphite steel roll has a great resistance to wear. Combining. with the
~ resistance to fire cracking, it can give more rolling tonnage and finer rolled products with
dimensions of higher précision than usual steel rolls. '
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Table 1. Chemical composition of steels teéted.

 Steel o ’ Chemical composition Eﬁ;?a
marks C S$i | Ma | P s | Wi Cr | Mo | addition
NS16 | 0°95 1°13 | 068 - 0°017 0°018 | 0°56 1°03 | 026 | No
NS14 0°94 0+95 0°49 0°024 0°012 0°58 - 108 0°26 | Added
NSi17 1445 107 0°75 0°016 0°018 0°53 1°04 028" | No
NSi2 1°45 0496 0°54 0°016 0°013 0°61 1°06 0°25 Added
NSi9 2°17 107 0°71 0°016 0°016 0°54 106 025 | No
NS20 2°20 0°94 068 0°014 0°014 054 105 0°24 | Added
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. Table 2. Mechanical property of steels tested.

As cast As 'anneaied* ,
, a | g g 2 . = o], me CHR @ N Fe~Ca
Steel marks 8LeEls Sg =88/ E glo8s . 8¢ |24, & 5
o . o g 0.8 o Q o IR Q= 2] [3) a.OY
O BpEEeEE SENESHRSERsEREE R SEe2EE Sy  eddition
.ﬂ'"w@‘ﬂ = O .|’ o 528 o~y O = — =l G i
FadesdEs 28 BEASEoNAYCE¥ES 2% @EAGE :
NS16 — |80°2| 0 | 0 | 363| 0°3|60°4|91°7| 96| 97| 263| 1°4 No
NS14 — 78°9 0 0 331 0°3 | 58°5 | 91*4 7°9 | 11°1 | . 255 1°3 Added
NS1i17 — 63°0 0 0 341 0*1 | B7°8 | 903 13 1°0 292 | 02 No-
NS12 — 63°7 0 0 331 0°2 | 55°9 | 78*9 2°6 28 274 | 04 Added
NSi19 — | 40°8 0 0 378 0°1 — | 558 0 0} 331 0°1 No
N SZO — 429 |- O 0 329 0°2 | 50°0 | 58°3 1°0 17 311 0°3 Added
* ' 925°Cx 6 h—furnace cool, 725°C X5 h—»furhace cool.
No addition Added Fe-Ca alloy
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B RREL, BECOWTIHEEAEBEREL A
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W X MR BHONEEDS LAY, BikofED
BT 5. . - '

(3) ZOX5IREMIECHY 2°2% DFERIC V7=
EESTEFCR Y, FMEMROMBEREE TSR
WOILK L, ERIRESAMITEESHIREE CRARRS AR S 2
AT LW DBERIEE BIEL <MET 5.

uh®%WMﬁE®WmHE&LTﬁ%MM®ﬁm
BICBAMRT 225 3 LEELRAEEDORTICL>TC !
%7\ L C 1°5% BB DEBIC kT 5 BB 2 REINE L
WHIZ ENRTENE, —BEHEOHERTREC S D
DO LEESINS. ‘

(a) NS 16, C. 0'9%%

(b) NS 14, C. 094, nodular graphite 0°10%
(c) NS 17, C. 1'45%

(d) NS 12, C. 1'45%, nodular graphlte 0°23% -
(e) NS 19, C. 2°'17%

(f) NS 20, C. 2°20%, nodular graphite 0°42%

Photo. 1. Effect of addition of Fe-Ca alloy on
nodular graphite formation of special
cast steel. with reference to carbon
content. ANo etch, X100 (1/2)
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Comparison of the amount of nodular graphite ‘

-in heat-treated state among various kinds of '

steels tested with = special reference to the
effect of Si and C content. (Heat treatment:

925°C X 6h —air cool, 725°CX5h —-air cool)
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Fig. 3. Comparison of tensile properties in heat-treated -
' ' state among various  kinds of C 1°4% mnodular
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(Heat treatment: 925°C-

the effect of Si content.
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(a) Nodular graphite steel roll (after rolled about

18,000t of ingots)

(b) Special cast steel roll (after rolled about 13,000 t
of ingots)

(2) € 1'3% nodular graphite steel roll. (Nodular graphite Photo.3. Comparison of nodular graphite steel
0°25%). No etch, X100 (1/2)

(a’) C 1'3% nodular graphite steel roll. 5% picral etch rolls with. special cast steel rolls for
X300 (1/2) : "slabbing mill in regard to fire cracks

(b) C 2 O°/a )no&iu]ar %rap%ge(s};)el roll. (Nodular graphlte ;

% o etch. X 3 : 5 tges

(b’) C 2 0% nodular graphite steel roll. 5% picral etch, on rolling surface 1I} service (Roll size:
0 (1/2) 940mm § X2,300mm X 4,785mm).

(¢c) C O 85% special cast steel roll. 5% picral et((:bZXSOO 1/2)

(d) C'1'7% Adamite roll..5% picral etch, x100 (1/2) = - » o ) srRsE
Photo: 2. Comparison of microstructure of nodular RBobh, FHOHE %Eﬁ%“ﬁ‘é C LR ST

graphite  steel rolls with that of special 7xEITOMRE X CHEEDOHHIIE—TH D, B

cast steel rolls and an Adamite roll. HIME 4 B 2RI X 70ke /mm2, ¥ % b ¥ —EHEO"6
TRARL. kg-m/cm? ¥k X SWEMEHE T B T LtbroT.
BfE e VT OREINCD SHEEHRZITR D7 Dl k@iEs> Table 3 ICiBiF o4 e —VEZRELZ
Photo. 2 IT/RY & B IRIRBSADI—IRAT IO~ 25 N ORI T N CRROMER X 558w

Table 3. Comparison of wear.in service of nodular graphite steel
rolt with that of other rolls in 4 rolling mills.

Rolls. Reduction of roll diameter
Kinds of | by wear in service per
mill . » . ‘Shore 10,000t of rolled 1ngot
Size (mm). - Materials hardness (mm)
_ » i | Nodular graphite steel] 33~36 0°38
Blooming mill | 870§ X2,200Xx4,040 _Special cast steel 30~35 062
- . . : ' Nodular graphite steell 33~35 1+20
Slabbing mill 940 § X2,SOOX4?785 Special cast steel 33~35 _ 4°40
: . . ; Nodular graphite steel 30~35y . 1*30
Blooming mill | 760§ X1,900X3,380 | pyegife cast iron 36~42 | - 250
. . c11 U1 Nodular graphite steel| 33~37 ' 1°60
Blooming mill 1,000 § X2"4OOX4’63‘O Ductile cast iron 37~43 . . 192
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2,000t of ingots)

(b) Ditto, but shows less abrasion on the sxde surface
of the groove.

(c¢) Special cast steel roll (after rollmg of about 3,000t
of ingots) showing more abrasion on theé side
surface of the groove.

Photo. 4. Comparison of a nodular graphite
steel roll with a spcial cast steel
roll for blooming mill in regard to
abrasion wear on the side surface
of the groove in service (roll size:
870 § X2,200mm X 4,040mm).

0'4kg-m/cm? OB ME R
DLEQEEIE e ~ v 2 LTiE, IR
£ 1,500mm, 45 2,300mm, FEE 2t 03%0)72 C

2:0%-Cr-Mo FREIRRKESHMT, *72E 715mm, IH \

£ 96smm, £F 2,690mm, BE 5tDL0%C 1°7
%~-Cr-Mo SRERIRBERI CREL 7225, vwfh%%@{%
FABRAEIIEROMBIC L5302 L OSEIFRDLDTH
Df. Tikbb,

(i) # %%%ﬁ>%ﬂiyb>< RN EERESS A T

Nodular graphlte steel roll (after rolling of about

455mm, fif
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- /Table 4,. Comparlson of nodular graphite steel roll with other .rolls in 3 rolling
mxlls with reference to reduc’uon of roll diameter per. each dressing.
w . , Rolls Reduction of roll diameter
~Kinds of mill - SRS —| by dressing per 10,000t
' - Size (mm) Materials | of rolled ingot. (mm)
. . ‘ AN L \ Nodular - graphite steel 11-1
Slabblng mill 940+ X2,300X4‘,785 Special cast steel . 20°2
oo , L Nodular graphite steel . 236
Bleommg mill 870 § X2, 200 % 4,040 Special cast steel 470
) ) : Nodular graphlte steel 3°40
Blooming mill 760 § X 1,900X3,380 - |Ductile cast iron 510
i B : Special cast steel 234

(a)- Nodular graphite steel roll (After follihg of about
500t of slabs)
(b) Adamite roll. (after rolhng of about 500t of slabs)

Photo., .

~ Photo. 5- @iRT T <. BRRESH e —v LT X2
4 b —JV@@%‘HTE%té LD MR BB
" Photo. 6 THEEETH D, BB 0 — v OB

DBREDOLND.

Comparison of a nodular graphite
steel roll with-an Adamite roll at
the roughing stand of a hot strip

Amill in regard to fire cracks on

rolling surface in service. (Roll -
size: 455mm § X 1,500mm X2, 300
mm)

(i) B VOFERBE.
ﬁﬁ®§%@%%&bf,ﬁ%,m%u~w®#

DT EVX

- (a) Nodular graphite steel roll (after rolhng of about
. 3,000t of slabs) .
(b) Special cast steel roll (after rolhng of about
1,000t of slabs)

Photo. 6. Comparison of a nodular graphite
steel roll with a special cast steel roll

at the roughing stand of a hot strip

mill in regard to fire cracks on

rolling surface in service. (Roll

size: 715mm $ X965mm X 2,690mm )

:§<7XE> #o—1fi|% Table 5 T3 E&Mﬁi@
£ LUHIIFHE Table 4 LFETHS.

ks, R EE B — VTR E — L DER L DIXTe
LA SO 2 FEET 528, Photo. 5 Rk XUF
PMst#6%%Mﬂ%m~wme®ﬁmkwr%m
DPICENIRERE T 50 05br 5 THS .

3. ?jﬁﬁiﬁ]:ﬂ—-w ’

— 24 —



RREHH @ ~—')v D BF % _ 677

Comparison of a nodular graphite steel
roll with an Adamite roll at the rough-
ing stand of a hot strip mill with
reference to reduction of roll diameter
per each dressing.

(Roll size : 472 § X 1,300X2,900)

Table 5.

Kinds of roll
t of rolled slab.

4+30

(mm)

Nodular graphite
steel roll

Adamite roll

6°90

Comparison of a mnodular graphite
steel roll with a grain roll at the
rodghing stand of a structural section
mill with reference to reduction of
roll diameter per each dressing.
(Roll size : 600 § X 1,800X 2,900)

Table 6.

) Reduction of roll

: . Shore diameter by each

Kinds of roll hard- | dressing per 10,000

ness t of rolled ingot.
(mm)
Nodular graphite ~ 1

steel roll 50~-53 61%6
Grairi 'rolll 58~65 852

B 600mm, J[RE 1,800mm,;  4£F& 2,900mm,EH

§ 41500kg OHREMRE 2 LA R —vE, (LR
5 € 1°9/2°1%, Si 1°3/1°7%,
0°8/1°2%, Mo 0°2/0°4%, + 2 7 —HFE 50~55 % H
e UTRIEL 2.

S w — VSRR AR U TR RRBR 2 AT 75 D 7223,
#7#8 Photo. 2 C 2°0% FREINESRM = — v & FEk
DIRIRELR LB R s VT v H 4 NEOBFEH
(AL TR D, FHHOMELZRMT 52 L 5HERS
iz BIEOMSE X OCBRESHITE—Th D, HEE
b T55RE S 55kg /mm?,
il 0*3kg-m/cm? DOEEFHEEZIRL 7.
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LRRTHS.

X5, Frym—MELIELIER —Vi v 7 OHiE
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5.

Reduction of roll diameter
by each dressing per 10,000

Ni 0°5/1°0%, Cr -
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