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Abstract: The advance in functionally graded cemented carbide containing nitrogen with cubic carbide free layer
(CCFL), which is used as coating substrate, was reviewed. Some aspects of CCFL were introduced in detail, including the
thermodynamic foundation, the gradient structure features, formation mechanism and kinetic progress, mechanical
properties and cutting performance. The effects of content of C, N and components on CCFL were commented. Focus on
real thermodynamic phase diagrams and kinetic data in alloy system in the future research was proposed.
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Table 1  Avance in CCFL formation and expression

BALl, RS R SR 4 A )

4 CCFL F R B2 [E &=

41 BRETZHEM

Bh R Be gl it i) ¢ %F CCFL J5 ¥ (x) ¥ 5% Wi B 46
Suzuki 2P EIRF A BT E, DU ST R
FH &3] 7 2 7 R AT T00 o Bt Joe 45 I T] 1) S
K, CCFL J2 238 n, Ly be gt a] ¢ (-7 Jr i E L,
B woer?, RIMMILKLR.

BERE AL E T FHi, CCFL JERGEE . £ L
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Gustafson %52 1¢E CCFL [ 5 1 2E W50 i F v 45
PR TR S B LGS 6 CCFL (52 . Bl
FHR G EIIEI, AW S BB s n, B

P t
resentet Mechanism Original expression Advance
age
Suzuki, Nitroeen diffusion control x2= 2af Dy ([N]b _[N]s) : Diffusion control process
1981 & c(N) established™”
2
Schwarzkopf, Reverse.nltrc.)gen and titanium Y2o9 kyd, T, (N)[e(A) = c(S)] c(Ti) ; Tltamurr} diffusion ;ﬁefﬁment
1988 diffusion control Dy c¢(N) introduced
Gustanfson, Reverse.nitr(.)gen and titanium Y, = DTik1T 2f, VTJ’ N xTAa(N)t Concentratic.)n. re};laced with
1994 diffusion control r1iXTi fON activity!®’)
imulati .
Ekroth, Reverse nitrogen and titanium c ter simulati Simu atlor.lﬂ\;v s good tal
mputer simulation agreement with experimenta
2000 diffusion control Ompulet siuiatlo greeme experime

results??”!

X: Thickness of CCFL; f;: Volume fraction of binder; Dy: Diffusion coefficient of nitrogen in liquid binder; [N], and [N], represent

the concentration of nitrogen in the boundary of CCFL and in liquid phase on the surface of sample, respectively; #: Sintering time;

c¢(N): Nitrogen concentration in bulk; k,: Composition dependent constant; 4,: Minimal cobalt concentration; c(Ti)/c(N):

Concentration ratio of Ti to N; Dy;: Diffusion coefficient of titanium in liquid binder; c(A): Nitrogen concentration in bulk; Other

variables as the same as Suzuki’s; Yg: Thickness of CCFL; f; : Volume fraction of liquid phase; V;,,: Mole volume of liquid phase; a(i):

Activity of component; y;: Activity coefficient of component; Aa(N): Activity gradient of nitrogen
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