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The eta phases and mechanical properties of TIG welded 

joints of WC-Co cemented carbide and steel 
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Abstract The tungsten-inert-gas(TIG)arc welding experiments of cemented carbide YG30口nd steeZ 45 e c0rried 0ut 

using the Ni_Fe’C filling alloys．The eta phases and mechanical properties of welded joints were analyzed b'，， 0 0厂 

scanning electronic microscope(SEM)，transmission electronic microscope (TEM)coupled with selected diffraction
． electronic 

probe microana lysis and  bend ing strength me thods
． The experimental results s7 ∞ that the chemic口f cony~osition ofthefilling 

alloys affects eta phaseformation．When the carbon and nickel contents infilling alloys are 0．61 ￡％ 0nd 55
． 29 ￡％ ． 

respectively，rio eta phasesfo肌．And thejoint bending strength is the highest to 1．352 GPa．But ifthey 0re 0
． 0l ￡％ 0nd  

55·38wt％，the eta phases areformed at the boundaries ofthe cemented carbide and the eld，口nd the thickne ofeta phase 

layer is about l10 micrometers．And thejoint bending strength is low．Usually，these eta phas are 0nomalously granular
．  

and easy to accumulate at the boundaries between cemented carbides and the weld
． They are mul@le MeC rich in tungsten 

and  iron 
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0 Introduction 

The demands for various kinds of tools made in WC— 

Co cemented carbides are increasing because of their ex— 

cellent properties in hardness， wear—resistan ce
，
tough— 

ness，corrosion resistance and hi gh heat durability．How— 

ever，the fields of application are limited because of their 

high cost and difficulty in their large—scale products with 

complicated shape．Some of processes are used to joint ce— 

mented carbides and steels as the effective methods．Bra． 

zing， usually adopted at present， has low adhering 

strength and suitable for lower using temperature than 

4O0℃ ．Diffusion welding~'equires expensive production 

facilities and has some limitations both in size and in 

shape f0r products．Meanwhile．the detrimental multiple 

carbides，called eta(-q，hereafter)phases，to the ben． 

ding strength of the welded joints are easily formed at the 

interface between cemented carl0lides and steels c2．3 J
． 111e 

-q phases here were norm ally pointed as the muhicarbides 

with M6C， M12C and other types，including Co3W3C
， 

Co2W4C，Co6W6C，Co3W6C—F，Co3W6C一104F，Co3 W9C4， 

Co2WsC，Co3W10C，etc．in WC—Co cemented carbides C ～ 
． 

C。3W3C and Fe3W3C form ed in sintering were called as-q 

phases in author’8 preliminary experiments[ 
． When dif- 

fusion welding is used to weld the cemented carbide and 

steel，the carbon atoms in the cemented carbides would be 

thought to diffuse to the steel，which would resulted in that 

the carbon content decreased obviously and the-q phases 

were form ed at the cemented carbide side of the interface 

because the carbon range in the normal phase(WC+ ) 

zone in the phase diagrams of the WC—Co alloy and the 

WC—Fe alloy was all very narrow[ 
．  

Comparing with diffusion welding，the tungsten．inert— 

gas(TIG)arc welding has many advantages．For exam— 

pie，it is suitable for various kinds of positions of welding
， 

apt to realize the automation，high in welding speed
，
and 

low in production cost，etc．Moreover，by changing the 
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chemical compositions of the filling alloys，the formatioll of 

Tl phases could be restrained through decreasing the car- 

b0u di sion．But the TIG welding of cemented carbide 

and steel has been litde researched，and the forming 

mechanism of 11 phases in welding and their influence on 

the properties ale not clear， 

In this article，the formation and mierostructure of the 

phases and the mechanical properties of the joints were 

investigated by adjusting the chemical composition of the 

fiHing alloys． 

1 Experimental materials and methods 

Cemented carbide YG30(WC-3Owt％ Co1 and car． 

ben steel 45(0．45wt％C)were used in Ihe experiments， 

and four kinds of Ni-Fe—C alloy as filling alloys in diameter 

2 mm weFe used．which their essenfial compositions are 

shown in Table 1． 

Table 1 Chemical composition of mUng alloys(wt％) 

Cemented carbide YG30(65O InIn x6 mm)and steel 

45(65O mm x 6 him)were cut in semieizeular form for 

one side welding of butt j~ints，respectively，and sin~e V 

groove of s10pe in 30 degree was cut Mong the direct side． 

TIG welding for one—sided welding of butt joints in three 

layers was carried throu曲 with every tiffing alloy．The 

welding parameters are welding CLUTent of 90 A，pulse fre— 

quency of 80 Hz．and the welding speed of 40 ram／rain． 

The erosa section samples of welded bead were cut 

verticaUy to prepare metallu cal analysis．The etchant 

with 20％KOH+20％K Fe(cN)6]+80％H20 tom- 

position wns used to revea1．n phases and WC By means 

of JSM-636fiLV scanning electron microscope(SEM)，the 

mic~；,strocture，11 phases，and the morpholo~"of fracture 

surface were analyzed．Element distribution ne,alF the inter- 

face be1ween cemented carbides and welds，and the corn- 

position of carbides were determined using JXA-8800R e． 

1ectron probe micro．analyzer．Transmission electronic mi— 

croscope(TEM)observations and analyses were carried 

out on a Hitachi-800 with operating voltage of 200 kV． 

The four-point bending tests were carried out to meas— 

ure the bending strength( )̈of the welded joints in the 

way of Japanese Standard J1SRl60l一1996． 

2 Experimental results and discussions 

2．】 Microstructure oftheweldedjot~ts 

It Was found that all the welded joints are well tom— 

bined metallnrgieally and there are n雠 welding defecb at 

the interface in opficM microscope．Fig．1 shows the nlscro 

image of sample No I．In the microstmeture of sample 

No．1 shown in Fig．2a．-q phases(the black)are ob— 

served beth at the heat—affected·zone(HAZ)of YG30 side 

and at the interface of YG30 and weld bead．The thick． 

ness of 11 phase layer is decreased Iu日1ly from the bet— 

tom to the top of the whole slope，and the biggest thick· 

hess of layer is about 1 10 p．m．Most Tl phases are ailoma- 

lously granular and accumulated at the boundaries of ce— 

mented carbides and the weld．Some of fine phases are 

formed both attheinterfaee andinthe HAZof the YG30． 

Inthe most of bigger11 phases and afew oftiny11 ph~．ses 

there are obvious grain boundaries and WC (white) 

Th ese distribution and morphology of 11 phases suggested 

that many phases be form ed by assembling some tiny-q 

phases under the stirring condition in welding，and the 

smalltn phases which has similar sizewithWCin eemen- 

ted carbidesaretransform ed fromWC by atomic dj肌sion 

ng．1 h-na~ ofweldedjoint 

When the carbon content is0．61 wI％ and other ele— 

merits content in the rdling alloy a『e constant f sample 

No．2)，no T1 phases are formed ，as shown in Fig．2b 
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When the carbon content is same as sample No．2．but Ni 

content decreases from 55．29 wt％ to 34．7O wt％ f,~4tm． 

ple No．3)，there aFe only big-q phases formed at the in- 

terrace Sample No．4 also contains the same carbon∞n． 

tent with sample No．2．while Ni content is increased from 

55．29 wt％ to 73 66wt％ ，no11 phare is obrerved． 

Fig．2 SEM backssatltred~ecUunmnl|ph0Io西∞oftI，e 

YG30／wdd boundaries 

2．2 Element redistribution near血e interface 

ln the thermal cycle of welding process．the chemical 

element distribution in weld would change signifieanfly 

whether theliquid state orinthe solid state．BeBaase of 

the difference of chumical composition of fdling alloys and 

YG30，the Fe and Ni atoms would diffuse from filling a1 

1oys to YG30．and C．C0 and W atoms in YG30 would 

di se from YG30 to weld at same time．Especially．this 

redlsL,-ibutinn of some elements in mehed且uoys would be 

promoted by the stirring action in the molten poo1．The el- 

ementa1 distribution would affect the miemstructure and 

properties of the welded joints apparently．By mea~s of e— 

lectran probe miemanalysis(EPMA)，the element distri 

button near the interface of YG3O and weld had been alia． 

1yzed in the range of 500 I．tm．The thickness ofW ，C and 

Co diffusing layer is about 70—100 m，100 m，and 

140～170 m，respectively．Meanwhile，obvious diffusion 

0f出e element Ni ant]Fe~from the weld to YG30 waB oh- 

served at these diffusion layers． 

F rom the analysis in sample No．1 and No．2 shown in 

Fig．3，it was found that．in the carbides of both sample 

No 1 and No．2，the content ofW，C．Cofar awayfrom 

the interface were ahnost sable．Moreover，the C content 

(5lat％)is a bit higherthanW (46 at％)，andCo con— 

tent in the WC is about 3at％ ～4at％ ．Comparing with 

WC far away from the interface．the、composition of∞ 

phase in salt。pie No．1 changes nbviously．The content of 

W and C in 11 phase decreases while that of Fe，Co，Ni 

increases substantially．The decrease of C content is most 

remarkable．from 51 at％ to 13at％．Besides．W content 

reduces from 46at％ to 41at％ ．and Fe．Co．Ni content 

increases to 28at％ ，10at％ ，8at％ ，respectively Gener- 

ally．th。11 phase of MBC is the type of Co，W3C mad 

Fe3W3Cf2l5j In theo~"
， the carbon content of 11 phase in 

M6C is 14at％ andit is closetothat ofthe11 phaseformed 

in this experiment this suggests that the phase form ed 

inthe experimentbe mulfiearbides ofM6Cdehintungsten 

and iron．At the interface of 8an'lpie No．2 there is not 11 

phase formed．but WC at the interface contains almost 

sonic content ofFe，Ni，about 2at％ ∞ sample No．1，and 

the content ofW ．C decrease a little．Therie results indi— 

care that when the content of Fe and Ni in the weld ale 

saitable，11 phase formation depend on the carbon content 

Fig．3 R~sults of the composition analysis of carbides 

∞ ∞ 柏 ∞ ∞ m O 

一邑 g 【I Es《 
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0fthe weld 

2．3 Formation mechanism of-q phases 

According to the composition analysis，it might be 

thought that in the welding process Fe atoms in the weld 

diffo8e to the base material YG30 over the interface be． 

tween the cemented carbide and the weld．At salne time 

some WC selutionized in Co phase．Therefore，it is possi- 

ble to form Fe-W—C—Co system in$ome al'eas in Co phase． 

If the activity of carbon atom in Co phase were highel"than 

that in the weld．C atoms would diffuse from YG30 t0 the 

weld．As a result，the C contefit in Co phase would de- 

crea~e and WC would continuously decompose to comple 

ment the loss of C in Co phases．In the equilibrium dia· 

gram of system Co-W-C and Fe—W—C，the range of the 

normal phase(WC+ )zone in system Fe—W—C is very 

D~ITGW十SO phase is very easy to form when the system 

lost C slighdy．From the analysis results of the element 

diffusing at the b~undary between YG30 and the weld by 

means of EPMA．it was found titat C atoms had diffused 

from YG30toweldin allfour samplesffrom N0．1 to No． 

4)，but phase waB formed mdy in sample N0．1 with 

lower C content(0 01 wt％ )and No．3 with 1ower Ni con— 

tent(34．70wt％ )．Ahhough C had diffusedfrom YG30 to 

weld in all four samples．they were in different cases．If 

the difiel~nce of C content in Co phase and in weld were 

Sillal1．the diffusion speed ofC atoms woaid be slow and C 

content denrease 1ittle in YG3()．therefore，WC would not 

transform to 1 phase．For example，in Fig．3 the composi- 

tion of WC at the boundary
,
of sample No．2 wilt8 shown， 

and C content decrease was not resulted in-q phase forma- 

tion．These indicate that C content in the weld is the main 

factor of the-q phase formation．When Ni content is 55．29 

wt％ and C content is hi er than 0．6 wt％ in the filling 

alloy．-q phase formation could be restrained．On the other 

hand，when C content is 0．6 wt％ ， phase is easy to 

form if Ni content is too low．such as sample N0 3．In the 

system ofNi-·W·C formed at the interface ofthe weld and 

YG30，the range of C content in the normal phase zone is 

wider than that in system Fe—W．C or Co—W．C according to 

the equilibrium diagram of system Ni．W—C Therefore． 

C loss is not sensitive to T1 phase formation in system Ni 

W．(： 

2．4 Bending strength and fracture surface of the 

welded joints 

2．4．i Bending strength of the welded joint 

Fig．4 shows the result of the f0ur-point bending test． 

The hending strength of the specimens in which no 1 

phase exists al'e higher than that 11 phase does，the),are 

1．352 GPa and 0．96 GPa for sample No．2 and No．1，re— 

spectively． 

0 

锰 

尝 
∞  

警 

黾 

Sample number 

Fig．4 Bending strength ofweldedjoints 

(b)Cemented carbide YG30 

Fig．5 SEM backscattered e~clroa images of 

fracture surface 
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2．4．2 Fracture surface analysis 

Three types of the ruptures were observed，which are 

(1) rupturing along the interface between YG30 and 

weld，(2)originating from the interfaces and then sprea— 

ding to YG30，and(3)destroying in weld． 

SEM backscattered electron images of fracture surface 

are shown in Fig．5．Coarse-q phases are seen in the frac— 

ture surface of sample No．1 in Fig．5a．The existence of 

coarsely granular -q phases at the boundaries between 

YG30 and the weld has lowered the bending strength of the 

welded joint remarkably．When the crack is in the YG30， 

which microstructure is WC and 一Co solid solutions，the 

fracture surface is fine as showed in Fig．5b． 

3 Conclusions 

(1)The formation of-q phases could be reduced or 

restrained by increasing the content of C and Ni in the fil1． 

ing alloys properly． 

(2)When C and Ni content are 0．61wt％ and 

55．29 wt％ in the filling alloy，respectively，no-q phase 

is observed．The bending strength of the welded joint is 

the highest，1．352 GPa．When C is free and Ni content is 

55．38wt％ ，the-q phases form at the boundary of the ce— 

mented carbide YG30 and the weld．Th e thickness of-q 

phases layer is about 70—100 m which makes the ben— 

ding strength of the welded joints decrease． ● 

(3)If coarse-q phases exist at the boundaries of the 

YG30 and the weld， the rupture ooculTed along the 

boundary at bending test，and these are the main factor 

that decreases the bending strength of the welded joint se— 

riously． 
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