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Development of Higher Wear Resistance WC Roll
for Finishing Stands of Wire Rod Mill

Y. M, Lee* and Y, K, Cho
Wire Rod Technical Management Team, POSCO*

Abstract

Tungsten Carbide(WC) Roll is widely used in finishing stands of wire rod mill. This report is about the
manufacturing method of WC roll with excellent wear resistance. To enhance wear resistance, WC content has been
increased to the maximum extent while binder content such as Co.Ni,Cr has been minimized. Part of WC is
replaced with TiC having more wear resistant than WC. WTiC powder has been used to prevent weight unbalance
resulting from the difference of specific weight when adding TiC. The roll manufactured by this method. is having
more wear resistance than the existing rolls when applying to the final stand of the finishing mill. This report shows
that WC is the critical factor of wear resistance in WC rolls and an appropriate amount of TiC effects wear
resistance and when adding TiC, using WTiC powder is better.
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A gdo] A4 EHE Rolle) a2 L Adamite,DCI(Ductile Cast Iron),Tungsten Carbide(WC)
o]t}. RM(Roughing Mill)oll= Adamite9} DCIE, [FM(Intermediate Finishing Mill: ,FM(Finishing
Mill)of¥= WC Roll& AMg3}x QUrh. UutA o2 PMo] AL&5]& WC Rollel B FHA89 WCe
2ko] 85%0]al, B A& Q Binder(AF4)el ko]l 15%0)tt. WC Rolle) EA412 Yol Ajo] et
thy] 43 wkwo] #HAJo] o} Re.lof Trouble(d<,Spalling,Crack)o] w13 | ¢ ygch.

v, W47 E. Aul71&2 web2 Miss Roll 3 Roll Troubleo] 7HA el wet of
T AL adol®E Rollef aAol iy sAct. 71&2] FM RollAbE Al a2 2 Q1% Roll
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A Ask, F4 Gl ZAFe] At
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TiCHZFA v Expo] (WC: 15, TiC:5) & UgF E2]2 ) Powder E47%g o) 4 2] Unbalance o7
A3 Rotle) S5 BE4HE HAS] Sste] 23579 QRS Yotz JF4-S d& A8
= WiC (Bax-getgrhbte] o) & AMg st % 848 FAE g A b

A7) ol o9& AAE Roll& HA Mol F3te] AM43F ARE 72 Rolly v]Id B
X, WS 7 9 TiCH7Fe] 3ol Wi o B TA $htt

B =82 WC Rolloll lojA Woot vinpR o] o3 Abeh= A S Wl Y28 TiCE
A stA Wivtz ggael] ¢4 aE L = Ade AL 7lEY AR Ik

2. O|=H o H

2.1 4AgA A
AAUAAL Fig. 13} o] 2R Billets HAHLER 7HEstd 24 RM), FHAHEAS
(1FM), AHgd (M) & AA, S.5~42mm$ o] A Wire Rod) & A4sh= Aol

Coil

Reheating Furnace |<+—Reform Tub

Fig.1 Wire Rod Mill Lay-out

AR 542 AF DHAo] ZFrof Tyl Azbg ko] & AFo vdle] dYolumg
45T @ FAAG FLE o AAdE FHAAINZ Uk AAFHNA A=l FE:Le
o7, AZH I Tire Cord, § 4%, A4, A7, 97 5 olch Fig 13 Zrol AR Aol AHg 5]
= Rolle} #j&-& Adamite, DCI (RM), WC (1FM, FM) o]t}

.2 AxEH
WC Rolle] L4} AxF4L Fig 29 2ok

WC + BINDER = [ CIP }:;» IFOHMING] = | SINTERING' =
(Mixing / Milling) (TR

HIP = LGRINDING/ INSPECTION1 => | PRODUCTS

Fig.2 WC Roll Manufacturing Process

B3 Milling2 U8 W B2UE<l BinderE Ball MilloflA] #Y3tA4] 28 ¢ B3
FAolt}. CIP{Cold Isostatic Pressing) + HZHAEfA PressE UHE 3t FAol7,
Sintering2 -3 Aol L@z oA A%, HIP(Hot Isostatic Pressing) = G7FAEjolA] Y
B PorosityAl A ¥ A4S S-S FHOE AAEY HIPE 4 F4olgtr & = 9
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2.3 WC Rol1AE ¥ B4
WC RollE FH=Q Wk %1%5-—1._1 Binder (A3A], Co, Ni, Cr) & UE 8 AR3F 233Folch
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WC Rolle) B4 =2 744, 2%, Uulzn A, 7|43 24 §3itfE Zojth. Bindere Co
, CotNi, Co+Ni+(r9) 32 &H7} glony, ALEEA M wA] Hesle] AlgHth
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Fig. 3 Co Binder@ede] ubE A%, &HY, vfrglo] AAAAE Yetd 17 olt}
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Fig. 3 Hardness, Transverse-rupture Strength and
Wear as a Function of Co Binder Content

Fig. 3014 R vpg} 7o) WC Rolloll QoA Lﬂnhfé«l FRJAAE Weeltk. Ax, Wuin iy

2 yegtekoll wigste] Sk, Codbdole WhlEEE & & ok Eg 2t:}@‘éi(Transverse-
rupture Strength) & WCEFol] ¥hula@-& & + Uk zz,”éa% WC Roll®] 43 7H3 W4T
Apo] 2, Co¥hefo] 20~25%A &4 Y- Hdlolth AALE7F FAY, £4AIRMe] oA Y=t
(Grain) £7HA] FHHL2 Z2Hcrh W Rolle] WulR RS FAA 7] e FH5 Wy 3
23 FAYel FAE Q= HAUAM Motk F1stejof gt

Table 12 H7FHedoll AFLEE WC Rolle] YuFAQ) Grades} 543 Yehd)

Table 1 Typical Grades of Tungsten Carbide Used in Hot Rolling

CHEMICAL COMPOSITION & PHYSICAL PROPERTY WEIGHT PERCENT

WwC @ Co 87:13 | 85:15 | 80:20 | 75:25 | 70:30
HARDNESS, Ra 89 86.5 84.5 83 82

TRANSVERSE RUPTURE STRENGTH, kg/mm 250 270 300 300 300
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Fig. 4 Effect of WC Grain Size on Rockwell A Hardness of
WC-Co Compositions with Different Cobalt Content
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Fig. 5 Relation between Corrosion Resistance of Various Carbides
and PH Value of the Solution

(o, Co+Ni Binder+ PH'7" #-Zollr] F-4]80] 373 F7FAY. WA CotNi+Cr Binder+= PH
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1-4. Performance?] %33t Q1#f

Rollel} oA} Size, Groove Shape, RollFEZ o] 7}1& #2%t Qafojy, AYPYRAd Qo]
Roll¥zt4, 7FH-&, Pass Line, Stock 2%, RolIRYAHIF £9%F A7} Hh AR AJol=
Aot 2F7+8, 7HE3S, JhEEe] 8% A o

1-5. EJelgIhulol= 1A Rolle] vlAE= AF

71&0) ALgET Q1= WC-Co-Ni-CrAl 273+l elebwsulo]= (Ti0) & Hr15A 712 33
of vlE W, Wrte g, WA 4L FAE WEHAEL A48 aebd, TiCE J=3hA Hobst
W F4o] ko] WEF Aol Adtsle] Rollutee] WQlo] Hu2 HAYPS Hrlsteior o)

3. HEd#

3-1. F A

7]2] WC RollAEA] Bt R RIFF RolIZAH A+ At (s3]0 4/ ) 2 A4 o] Aotxd],
Roll&5%F It Rollv] 857 AHul Rt 715, AF U 5 ZAH Al olgzd
L EAHE N3] §)ske] J|EUw] dulm o] $43F WC Rol IS A 2HshA] & Add)

3-2. gy
3-2-1. Uupe A5k ak vy

7] Roll tin] Jjulg Ho] L3 RollMNL-E $3ted WC Rolle) Wimlz A4 Q1AFQl wods
& 7]&Roll diu] Uit TFAA 7], Binderd T2 Hoigh A4t E3h, 23 Hew T
WTFE WO RolINE-E 9)sked Wool YB2-E wetlu]) WulR Ao] 9435 TicE dlxsdd. TiCE
2% WM Ax 9 QAT b oY, i HukA AA, FdAEYo] AU Ho) o
ol AHo ans F + s AFGE HubeA

3-2-2.TiCH7} ¥y
TiCHIEAL ulF Aol (W15, TiC:s) = 19k WB o) eld EPopgolA 299 o] B o
T %% Unbalancer}t WAIEIR, T40] APGHA RollZ AN Al WA 0% QI BA) waY +

et oloe T BHY FAHE dAs] Avte] 24579 AR HelR TS 9]
] AFE3H= WIiC PowderE A &319lth '

3-3. 4%
da 2w =3I CIp, AY, 23, HIP, 7/12/HAS) ZA OS2 Table 29 o] Fa =2 WC

ok Tico) F&FE 90.5%,, Codg 6.5% NigedE 1.5%, Crebdd 1.5%3t, Wosk Tice) @%
4.3%(TiC:1.3%) & WIiC(7:3 WTiC,WC:TiC=7:3) Powderz tixste] AtA4 3% Stand® WC Roll (158
/87X57mm) < A Aslod 3M A LA A g5t

Table 2 Chemical Composition

3 o] B
2 on 3 3 4 = q4 3
WC (%) Co (%) Ni (%) Cr (%)
712 Roll 86. 5 9.5 2.5 1.5
4 Roll 90. 5 6.0 2.0 1.§ WCZ TiC 1.3% =3
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34A Aol 845 Table 334 Zol 71 Rollthn] WubE HRHO R 1 avje] 294 &
2% dehigld

Table 3 Performance Data of Roll

Type Chemical Composition Tonnage/Cal iber Remarks
Standard Roll WC+Co#Ni+(r 250 #3 W/R FM Final Stand
New Roll WC+TiC+CotNi+(Cr 350 ’

Table 20fl4] B v}l Zro] 712 Rolldly] 8¢ W TiCo] kg 4%(86.5—90.5) 7}
A Ax Jokr Aol FAE Ak TiCk WC gjv] Jvintr gol ¢42317] wFol 24 <1 Yotz 4
AL 95t TICE 7k TiCH7EA vlgabolz ¥ $HE#¥S WAs7] st =
A2 I8 Unlg A4S 98 AFgE= WTiC PowderE Al83}e] # A £Fdoz #Y
3 22o] HESote] FHBFFY TAHAEZ PAY + AU LA JeHEA LAY W
dEFE7E D TiCH 7o) O3 ACrackdhy, F4Y 42 Q3 FAl= GASA AU A7)
WPYE ] OFe o] § 7|2 A HE AWT Rollo) ¢FAAEEo] Q% wpy Rk 7% uldlbo
o3 Heuioely, B ARE v tARSrF Fol HCrackd el ¢glew, TiCH A WIiC
PowderS A A&7 & oz FodEo. A4 2F AT Rollo] oA Alracky)} &4
Y2 2 APl 5S4 + U

71 ZRol 13} A HRol1} AFEFE mWuly AElE nj25}7] $5te] Replicadt HAMEUH L o]
881 Fig. 63 Zo] THeo ZWnlE AFHE Q13}etg o)

Standard Roll (x50}, Tonnage:250Ton/Cal’ New Roll (x50), Tonnage:350Ton/Cal’

Fig. 6 Roll Surface after Rolling

Fig. 6o+ RE w9} Zho] 7]2Roliz} H4Roll X5 Heat Crack, HulZd o] WAstA] o
k3, 7]£Roll Win] ZH4HRoll& 1. 4u]e] ARE & HE3tY FI 3 BUILE Hellioh

Fig. 72 7]Z&Roll13} QARol1&] ZZAFZF (x1000) o]t} Fig. 7oA} K& ule}l Zho] 71 MRolio]
Fd2 gipol 45357 o] 23 o] 2HUFE 4 5+ Uk
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Standard Roll (x1000), 86.5:13.5 WC:Binder New Roll (x1000), 90.5:9.5 WC:Binder

Fig. 7 Grain Structure

A Mg IO WC RollS 3AA-ZAFe] FM Finalol] 43 A3 7]12Rel] W8] ujuln iy
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of ot Fulfdz, AF THEASY, HEANTY 5o L3 zHs ok

4. uB

2 = A ASYdS vk gakivlo] =g digh Aotk A4 A4USEE WA
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