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A 3 ol2 (DFT ) Al &EdolALE We( 0001)/ Co( 111) AHo] Wco A (AT
Zlo] 2.542.8 A + 0.1 A) T} CCo AT (AT oA 4 eV+0.2 V) S Zaf 73
AstS FAEH, AW oyX+= 0.5 J/m* £ 0.05 J/m? S HoFuUrth Co 9 3d
eHlg2 W 9 pd eMgy EAstET, "k olse °F 0.2 e/atomt0.02
e/atomo]lal A% A& 2.5 /m* + 0.1 J/m* = WONi AW (2.0 J/m® ) Ht} Z5Uc} .
Cr(0.5%1%) < F7}ste] WerCo dolEs FAsHH AHAUAE= 0.4 J/m* = FHAshaL
AL 2.7 J/mE FItet , AL 10 MPaem! /2 £ 0.585 Zgoh
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s BAsteE Aoz ERIFHAFUY. HAsE AWs
9 AFAES 1E AAH(150m/min) oA 30% + 5% A on,
15 AlZF + 1 AIZF o =Syt o Cr BA0.5% 1% 2 Crp0,
=S FAA9eH, 2 87 (pH 2, HS0, ) oA Cr & s 274 T F4
=< THol 3dS =PS54

Mo (0.5%) & H7}shd H ) /m 2 F7Veal AW S8 o] 10%

Aaddyck. Ni 7|9F AW Ast olwol o Aa(0.15 e/atom) WAAe]l H

HolgUth(FAE <0.02 mm/d). dE E°], MoE FF3 =AH3AT thole 12

Z~¥S(600° C) oA AH &=8e <150 MPa + 10 MPa ©o]al < WAELS 20%

23Ul DFT AlE# o)Al E Ta(0.5% 2 F7ishd g &80 % 429
(]

J/m ) d g upal dSek |, ol Addder HITHA S

(e
—
oy

A o] At g2 2dL e SA4dE e MY
Elx 2 +

ofZ Aol e A AdHH el FEE AstE Bl

Cr 3 AT 7= Hebg & (Ti6A14V) S A2rst 49 AW 288 1%
njgtoln], Ft £ 25% AAFEUT 1 thsdk 87 (40° ¢, 5% 90%) ol A=
Aol wlAl B2 (FA A 0.1 mg/em® ) o] AT = AT, Ni 7)F AW

H kA AUT (Al 4 <0.05 mg/em® ) .

2.3.2 71, d4€ 2 uFERY I WAJUE

o oft

AT 7lE, o, AARSS 49T Aol dF= VA= 7o Agew,
Az &4, 985 54, Il E9sty zdo B dzggeR A
gl ol A3 53] 1gE Ee 3 SAA AEHE AR ALk,
1, uimbRAd, aElan wiRAAgel AEd d¥Fe mAUY vge2 gde 29
G4 MAUSE, VA B4, 2da el A= Gl i AAE 249U

71% 34 WAUE

A:
dEge BEAF 249 Fa Ao, ol Uuxom B g Abele
ey, 0 57 S WEHA @AY, PATE LA QA o] T ol

=dgelM SRR SR EHA 271 > 20 wm ) AW F71EA A (o
( 77 &F2g& > 0.1%) 2AA 7h2=7F 2 s

A 2x7F FESIA EAUKI300° €) A AlZFo] YF FowW (30 H), UAH
A3 FAE R ¢ka 7]Fo] @A Ut (S vAFS AY, 2024).

Uy 3719 AHE Fhalo]= (A} <0.2 um ) = =2 gW oYX Ol J/m ) =
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ZHA AL Slol dAF Atelo] Tk FH &S FHATIAL VIEES STHARUEITIA
2024).

A £4

pm ) 9 7]EES dubE o R <0.1%%0.02% WHA, Yimg AWE Fhulo] = (A}
471 0.2 um 9] 7IFES YA o S 52U S50 RE QA %2074 S 5
A5 YISO 3326:2013).

FARAA Y G (SEN) w4 A 71 7] 107100nmE10nm ©] AL, B T
T8 EE H9¥ely, AAYHA Tt ZUER ExHo v o=

el w5 Ut (Journal of Materials Science 2025).

W ulg) FbE 89 PEOE ololXu J1F FWe] L 500°600Pa o
F gem, @9 @y AFel o 150s FAF 5

bl

Ut (F | 434587, 202419).

o, . N
oy 1 ol

A G
taAoe] 0.1% =718 winlotk B = (TRS) = ¢F 3%-5% ZHATUtLh & E9
4000MPa ©l| 4] 3800-3900MPa = ZFA3Fu T} (ASTM B406 B ~E 7]5).

TERZ Q3 H¥ ZEE 3500MPa + 100MPa =
L rAasta AEE ¢k 50-80HV wFE 7FATHUTH(ITIA 2024).

gede Ane] AEE fAaAA WS AUtk dE Z5F @AM
&% oF 10715% S 7FFYTh(0. 05mm/ iAol A1 0. 05570. 0575mm/:d ©. &, ASTM G31)

]
b A 7Y 43 (HIP, 200 MPa, 1350° O) 2 =<

2 dEY 2=E T 7F
HAE S8t 7] FES 0.05%+0.01%%2 =<4 5 Ao HXE+= 100-120 HV+20 HV
Z7F Y o (Journal of Materials Science 2025)
nFA =E"E (R > 2000 8]/3) oA HIP A 274 =2 vES] F4 AP
oF 20%25% WAFE I AME TS 250-280 AlZF £ 20 ARt =dE S
AEHUT(E= B HT553]%], 2024 ).
7k=E vEl wESy] s enlad @A (800710007 €, 1A1ZHE FUetH VT ES

=
©

ok (0. 02%°0. 03%7}A] =4 4= 91%14E}<IT1A 2024).

d JA WAUE

TS T2 Wk Coo &8 =dA= e AU We o] I3 Aee
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5.2X10 ~¢ /K<l ®WFH Co o &% A+ 12X10 ¢ /K= oF 24 Apo|7} v,
o2 9la] A2Z2 W7z} HAA d&Ho|] WA} (Journal of Materials Science
2025).

T& Y287 £5 > 100° O/s) S E3 2
£&o] 3007400MPa o @& £ Qi WA
2024) .

ZIAA SH(d: 4F F BEadd o™ > 50MPa) oy A2 I by L= (4 A4k
<2 > 200MPa) & < A7+ olojd 4= A5FYT(ITIA 2024).

A4 A7) 7D MgEe] dFe uAYUL 0.5un Hwe] LAY 2P
W A WA (AA F3]e 40750% ), o e 4g BT, ela o 1049
448 A5 Z71E B AY Tt (Journal of Materials Science 2025).
u) A

HAAEM G (TEM ) 24 A3 mAEE 3715 0.5 2umk0.2um = AWHE o=
ARGAE o &3, 4F 39 SHAEATEK DE °F 273Paen' / 22
Aoz YetsUY (T HEaS5A49 2024).
Co 49 (AYE B% £ 0.5% = WP AstsE &l AU dF& S5t ¢
AoE AT 7 JoH, 53] Co Tl =& Asolr] TZFYTH(ITIA 2024)

Agtao #d Zloj= WA o R 10 pmEt2 um B, ¥& Co
d o]l F7kE7] wjiol 6% CoE et AR (Hd
Zo] >15 pm*3 pm) BT} 9 It} ( Journal of Materials Science 2025).

s 9
*E Zol7b s5um 7S W vtk AEE oF 5%8% HAAFUT odE 59
4000MPa ol 4] 3700-3800MPa = 7+A 3] T} (ASTM B406).

T =2 3y AdS S7/PARIYY W 845 (107 3], 500 MPa) ShellA <
4 S oF 20725% SUFUYH(E S RIS EEE A, 2024).

I ARl E (5007 C, 1000 &) F<F #Ae d IR AT FAae £HE oF 15720%
S AU TH(ITIA 2024).

A3 Wy

TaC (1%-2%) == NbC (0.5%-1%) & FH7bstd AAHA =7k Fdea, 24 HA
Ast oA 7F 1.0 J/molA 1.2-1.3 J/m*=E =78t |, 4 AFAEo] 15%+3%
ZF =3t} (Journal of Materials Science 2025).
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10pm oA 6-7Tum = ¢F 30-40% =¥ T AF5YT (T vlH=55HA], 2024 ) .

TaC & H7}3F Z7Atlole] dAalo]ZE= (500°C, 1000 3)) oA #+<¥ Zolx <5 um*l
pm ol |, 5 o] <k 30%-35%+5% S AHUTH(ITIA 2024).

H A 94 AAUS

o] o]

= .

H A AL 1L 24 (01500° €) 5 Hx e 3gfo] FE3IF uf (5.8 wt %)
PAEH, ol FE W & T EAUS g4 ko Qs 454 ngAs)
o E AUt} (Journal of Materials Science 2025)

32 (>1500° C) ol A= WC 7F W, TE W B FEy i, IUEAS I(3|dx
>0.5%) Ho] HAA o R BrAVE FHA| XAl v A dS AU TTIA 2024).

A gefo] B (<B.8 wt %ot WC7F A7 FxRE AT ¢ gloen dF g Ho]
Hgd dej2 w3y 55 AAHA AN 225U (T M eSS Ad
2024)

A2A 719 AFA(00.1% HErxE  FE(00.05%) 2 eAet whEEle]  C0/C0,=
AT, BAE AESHH v AgE Aol dAS ZFEstut (ITIA 2024).

AT 57
X A AXRD)S Wt AA FJd Ayt gle dAZAE o He I3
EA (20 =~35° +0.5° )= HFU T (Journal of Materials Science 2025).

SA3% vAANe] FAE 5 10mmtlnm 2 HE A HA} ZHES
o= oF 275%E A FUTHEHHAFTESA G 2024).

AAAe] Arx: 3] 35U TH(F HV 200-250 + 30). ©]& WC(HV 2200-2500) 2]
SR R Yol FRAH o7 A3FEUTH(ITIA 2024).

T= ok 50780 HV ¥HE 7FAa3U )

g4 el Ry FE&o] 1% S/ wwid A
7F 23t} (Journal of Materials Science

dE S0, HV 1800 o] 4] HV 172071750 &=
2025).

o1 oF 5%-10% AAsEa 34 (KIC) 10MPa +m' / 2904 9-9.5MPa *m' /
22 G HYTH(ITIA 2024).

HAAANS YntRAdS 7HAA7)aL v S-S ¢F 10%-15% S7FA1Z 0. 06 mn® /N « m ol A]
0.066-0. 069 mm® /N » m & Z7}FA] 71tk (ASTM G65).
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=3t Y

VC (0. 2%-0.5%) B CrsC,(0.3%0.8% = #H7}std g
ok
o}

H] & & <2%+0. 5%= =k ol S
AU (T d 345383 #], 2024).

2 2% (1350-1450° CO) ¢} +917] (BFA& <0.05%) &
=7F 9k 15%-20% 74U T (ITIA 2024).

B b

A% AAQm/min A Ve B A 27

o

o
A&

10%—12%

zAFozA MAAY

SO R L

el
PN

] T
H34
ol

KQ0pm*+2umol™ |, 9 o] 25%-30%+3% A FHYUtl(Journal of Materials Science

2025).

A% %8 9

44 24
AZTEE HF 400 ¢, FE 90 Ve HAE
FHE AEAR d i, WY e

h=]
SR Hr &2 uE 21 Co A

= (WC-Ni) = Ni el 2t WA (FAE
| F

rEAYT 7E

ol: 5 7% 7L

<0. 03mm/*d) 7}
ST (ITIA 2024).

Ao,

=2 2slE

FEe Az
F s

i
o=

s}
(

3 s

I 2ksk 37 (800° C, 37] w) A HABANE THEE &

S8 9F 10%-15%(0. 1 mg/cm® A 0. 11-0. 115 mg/cm® , ASTM G54) Z7}& T},
s HA 3}

Bha 3 (6. 0%0.2%) S HAH et HIP 34 Agshd

71 5E <0.05%, T Zo] <5 um, HABA A HE Q%R =Y

HIHEE A, 2024).

12% Co & SH3k AWl

(m
Y
jur]
=
o
iy

FHUTH(ITIA 2024).

Abo] = (500° C, 1000 3]) % 312 th5dk 374 (40° ¢, F%
2 L oF 15%-20% TEAF

AME FwtolEd A4 o

Materials Science 2025).

AR A e, s ge Ausl was w
agyn. tee dm @, ¥4 HA4m, A% =

=& HIP 2] (200 MPa,
71 &S 0.04%0.05%% FAastil F4 R oF 30%-35% S 7Fske] 260-290 Al

=
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et T

AR

?
2ol
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i)
i
(]
o
B

Aasbslal Qs Aess A7) A FAA] wddy ek

1. x4 Fg

I 98 A9

AFEE WC EE (% > 99.9%, AFSHE < 0.02%) % Co HZ (5 > 99.8%) = AR&3tH
AbshEel] o7k ©A ARE Folu HIBAY FAHES F 10%-15%7HA =Y
A5 Y (Journal of Materials Science 2025).

FHRE ] EAS AojEaL (= > 99.9% PA A7) < 10 um ) 7]E o]uf HIAA
Fe FEEE BEEGE 2 A 3)S F3H VIFTES F 0.02wHA =Y
AU TH(ITIA 2024).

5 gAA A7}

VC(0.2%-0.5%), CrsC,(0.3%0.8%) B TaC(0.5% 1% = H7lstd ZAAY 4G 2

Bl 3to] AdAH D, AAY AA AE7F 10%-15% =7k, v A o] v

<1.5%% AAFUTHET v dT45 Ad, 2024).

TaC = AAEA Z2F JdUAES Z7HAZ12 (1.0 J/molA 1.2-1.3 J/m=Z ) #44
A

=3 7Y
BAY B DS Abgsle] &3 (16724 AZF, 4007600rpm) S A A BFe] ¥ BXE HAUL
0.056 =% %7/} HE%F sta 71FES 9F 0.03% 0.05% FaAlZAFYY (Journal of
Materials Science 2025).
EAEA (ol ;- "ok 24 0. 1%0. 3%) oF Z3 F4F 7S ARgStH We EE SRS
olal #UAS 10%-15% FFAZ 4= AFUTHATIA 2024).

2 AFE Fo] e npf (¢ g4 IFE o] 0.03% v|WHl PEG Hi
PVA)E  AdEstd 7t BAS WAt V| ES oF 0.02wHA =Y
AFHTH(EH HHTE Ad, 2024).

(N A

ol

=3
A Feow ek $¥ HTS Iyl Hsl 7hhE (507100MPa) & U
g HHES F 10715% A% =Y = YTHUATIA 2024).

b b (200-300 MPa) & 28 Hlt]e] WL E o]lu 7|EES 9F 0.05% =o]=
b AU S 78 Ad 2025).

3. 23 ¥4 343

7] Aoi:

AFA2A(FETE <10 - 3 Pa)S 2FA <0.05% S8 <0.03%= Aoljsta ©Ah AHs=E
WA st B A AFES oF 15%20% AR UT (S BHASE AE” 2024).
B B971(d: Ar = Hy/ Ar) & AFE3Fe] E3bE, Hy < 2% 2 &4 YdA S
0.8-1.0 0% A|o]3tH et} @ gek &= 7) oF 10% 7FATFUTHITIA 2024).
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<= ¥4 37

AA SE+E 135071450° C(£5° 02 ZAH 1, FA A7 171527002 A7}
A3 FAbEa thEA] o] <0.05%7F HEE B AU TH(ISO 3326:2013).

d5ES Fo17] Al W £55 10720° ¢/s 2 Aot < Zol= 10umolA 5
" 6um =954t (Journal of Materials Science 2025).

2
A A WZE(1450° C oAl 1000° C7FA] 20° C/s, 1000° CollA AL7tA] 5° ¢/s)S
AMenstd d SHo] oF 20%-30% 7FASUTH(ITIA 2024).

HIP T2 A2

A7F S S (HIP, 150-200 MPa, 1350-1400° €)= WAl 7135 A7 &AL
71°5ES 0.04%0.05%% Zo|v 73 FEZ 5%-8% S 7FAF] U th(3800 MPa ol 4 4000
4100 MPa =, ASTM B406).

HIP & AXE 100-120HV Z7}sla v Ade oF 15%-20% =7} ol (ASTM G65).

4, H2E ¥ mz=w)

AolM HBHE Abgste] 2F E97)(o, €0, , H,0 =) = EUEH Fta
718 AAte R At 7FEY vAE A 4 £RE F 10%-15%7HA] =Y
T AFYTHITIA 2024).

iZji JerﬂH MH“”‘ A2 918 5 UE 7lwo] AFgESer, 449 74H

SEM, TEM, XRD A& Agste] 7l¥ =7](10-100 nm), #F Zo](5-10 wm ) %
HAA A vl&K2n) S wA8td AdshEol oF 15%20% AU th(Journal of
Materials Science 2025).

A W AD HA@D S Asde AAUA 9 2xE pAgen], I
pNATE HAgste] AFHA 8 AAE £50MPa oJUlZ Ao PFYTH(ITIA

S HX2E

A71H oz #F3 7% (ASTM B406), ZAXE(ISO 6507) L ul=A (ASTM G65) Al &S

AAlstal, AE-AT dolHuo|~E F535ta, IAS HAFUT (T vEaS
ul

x4 A9
Awl= W 71$T+ A7 (FA 0.01-0.03mm) S A AZFL, TWH AR
Ra<0.2umE gAst |, WAA o] oF 10%-15% FAFE U THASTM G31).

PVD TiAIN BEf CrN FEHFA 25 wm ) 2 X AE(+200 HV)<} kst
A& (1200° CAlA Absl 5 S7F <0.1 mg/em?® ) & 73t Z¥ H2E o] 15%
20% - Th(ASTM C633).
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A9

Xii o] (6007800° C, 1A1ZH & 7 L dasta #4 ZolE 10umolA 7
“8um & 2F 20730% =YY TF (Journal of Materials Science 2025).

AL A3H(5007600° €, 2AZHE EW AL SFA7a B 2n= oF 154

ZHAA A YT (ASTM G31).

6. &4 Hs4 HH3}

FgE YA

Co 7IRF midy 2 oial Ni 7|9k wlely AF(WC-Ni) & Abggo =M, ale

7 (40° €, FE 90 oA 9] A= At b sl Al 1 5%-2%= FrAashal, H-2

<0. 03mm/* A T} (ITIA 2024).

Cr(0.5%1%) < ZH7}8te] Cr0; HEsS FAshd Aol oF 20% A=

- S o] F24 7} 0.025-0. 03mm/ i 22 FHAFHH TE(ASTM 631).

& oAA:

TiC Hi= TaC (5%-10%) & H7Fska Absh A &@/de] &&= al, 1000° CollA AHsh T
=

4 S

frt >

e rot

o
Me

Z7}= 0.08mg/cm® M| Who] il ATFES oF 10%-15% 7HAFTH(ITIA 2024).

SUE AEEE HAASFA 0.1-0.5 um ) o] L2oA IUE FLES of
0.5%1% FFAaA7]aL , ¥ABAY IA4ES o 15% AXAAH (TR EFHAE
2024) .

7. A5q TZA X Ao

Al HH 3}

AFAS AD S ARgste] Z3F 4 mjpHEE H A stslH Yol 10%-15%

Eap]
A 3 7)FELS oF 0.03%-0.05% 7FA3 4 Q5 UTHITIA 2024).
HAl e Ast A (d: 7E, 7D dFste] ZATdES oF 20725%7HA]
=Yt} (Journal of Materials Science, 2025).

2 A8 FUEHH (AEBE +5 MPa) &
JaoaM A4 F AdEo] oF 15720% A FHFUTHITIA 2024).

3 zt £8S oF 20730% FFAA7) #d
PAES oF 15% AaAPUT(ET vdaE Ad, 2024).

371 s FEll, AWE Fhatol=e] 7]FES 0.04%0.05%= AaELl, E
Zoli= <5 um , HAA A HES AvE TA HY, AA AgES 20%730%
AU TH(ITIA 2024).

Aol AA MAEAJEFYT. w38 =7t 5%-10%(4000-4200MPa) =7}3FaL, A =7}
100-150HV =7Fglom, YwmlrAdo]l 15%-20% S7Fs5UCF(ASTM G65). WE3F ARg
FHol 2ok 30%-40% 4% S5 YT (Journal of Materials Science 2025).
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e FAME > 2000 3/ Ha 3 34 (40° C, &% 90%) oA FHZstd
WE Fhufol=o] YFAA T AFAL oF 25%-35% SAHAUTHEE v HF4383] ),
-

ol

ME shutelso wla Fzsh 3 FUE RHE JE
S|
4

sto} £ A& AL
2.4.1 SEM, TEM % EBSD 9] $-&

FAPAAER A (SEM , 3% <dnm & AFESF] We 9AH0. 110 wm) 9}
A9 (630nm+2nm) & FEjelt FEXE FAFY T SARFEAF(BSE) oA = &3l
W ok Co & THEET 5 AFUTh Co 7F 10% FTHEE AT AR ddEE
>95%+2%°] 3L, 71EES <0.1%+0. 02%Y Yt} SEM 2 F<E(0.52um)
7]°8(107100nm) &= A g 4= 4 HAghe 7Nke AT o E 5o, HIP
e I 7)FEL 0.05%= 7HAsta AL 5%+1% 27 ok

Fob Az dw A (TEM, #38l5 <0.2 nm) & A} EYX]7F <2%+0. 2% WC( 0001) /
Co( 111) Aol Axk F+x5 HojFa, MAeld Hx 34 (SAED )2 WC 2l d 0001
ZFAe] 2.837 A £ 0.005 AJS FHAFULE r & FHT 2AFEFS or AX (=
0. 5%1%+0. 2%) & UrEMM Cro0; & B8kl WAdS 30%+5% FHAHYTL
TEM -2 F3 v Ad (77 510 nm) & ¥Aska ga ?J 101<5 8%6. 24) & il e
T dFyth s o, TEM2 Mo = (A3 24 2.8 J/m* )
o IFel~s HAststol &5 TS 15%E2% ﬁ%ﬂ%

A 8 a8 EBSD )& ARESke] AW WY oF ZEE

HlH A E@}%( Slum< F29) WIS wWel Wi, YA ©@skE (510um
<0001> $-A g (HE >2mrd+0.2mrd) S HAFUT . EBSD &
<200MPat10MPa & I om, ol= ojdd

HadEUh Ta s 9 e
ST 15%+3% % ?‘;A—Q—H ds E°l, 12%
Kic 14MPa * m' /2+ 5

F 8ol
(500° C, 2 /\]71})3 Z3] 10%+2%
Ag3el kS
Q14

A S8 Fokoll A= SEM, TEM, EBSD 7} mlAlT-E EAe] 7 AlgHUth
E0], 10% Co & st =74 &7+ SEMOZ 3Rl% L.5unmt0.2une] ZAY A7
TEM o2 3elel  15mm+2mm ¢ Co =& 7FAW, EBSD & =H3 S8
<150MPa+10MPa &, A2} A% 7]Z(HA% HV 1800430, K, ¢ 12MPa~m'/ 2)
U .

Ll

[}

o

2.4.2 XA 3-AXRD) Z X
-4 3" XRD )& AT A =AY AAH FERE

A

dgtst=
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AU We o] 8 F33E 20=31.5° ¢ 35.6° +0.
HAE 0.110umPUTE JF 8oz gt 37 o
$9 (<200 MPa) & WFIIYLE TiCE 73 24852
0.2° +0.05° o]%3}3, n A (20~40° +0.5° )< 7] Y3 w©x FEFS
AlojaoF Y Th(5. 8%6.2%). XRD = HIAHA A (W2 A 20=35° £0.5° )&=
A7 UdFYT Ve E S 2AREY vAgAd vES 2%10.5%0] 3L
AEE 5%+1% Z743

1° o #1Asta, YA A7)
=2 <0.1° 10.02" 2 24
(W, Ti) C a2gA v=7}

=
vy
N
Job
il
)y
g
e (m
= =
( HE
%

5 (EDS) A) 94 BEE AAYFUS 10% CoE FFHT
= A= B%E0.5%A3L, Cr A FE 0.5%1%+0. 265U T
A BAGH 3, HCDOlA  12% Ni 2 dger 2AdEe HaA Zns
0
T

(

. 005mm/ 1 0] 2} Mﬂ EDS A& Ni 3¢ #Q9%7}F >95%+2%0 S Sl g5y th
13l 53 &4 (40 ° €, FXE 90%) > Co AME F2E 4 o (HAks Sht1%=
kls .%73?;%%—3- o SHE A U T AL <2%).

XRD ¢} EDS A& 3 "AZxAS 4HsHA H7ME 4 AdFU oE 59, XRD &
10% Co & 53t 2

AerEe 24Y A717F L5umt0.2umola n Aol EAFHA

S A¥E Co F77} 15nm+2nm ©]3L, Cr HAlo] 1%+0. 2%0] ™,
% HV 1800£30, Kic 12MPa +m' /240.5)S =TS
LA TiCE it 24w 589 1-81]= XRD £ EDS
A(Ti/W=0. 140. 02)E 3 HASHA oW, uUrtRALS 20% FEEJL, FHS
6,000 A] 7F£500 A7+ o] Aol 15U Th.

Jojet Fool = 16 /M7

tlo
AL
o

H
wn sEdE gAse] glom, wATEs e x4
[e}

Exner, HE (1979). ZZA&F9 =224 % 3}8% E5AX. International Metals Reviews , 24(1),
149173. https://doi. org/10.1179/imtr. 1979. 24. 1. 149

Exner, HE (1979). Z7ZAd+9 &E¢|4 % 3}s+4 EA. International Metals Reviews, 24(1),
149173.

Gurland , J. (1988 ). =789 uz<l é. Journal of Metals, 40(7), 1923 .

Lassner, E., & Schubert, WD (1999). &4 g9 5y, Fe, Jlw, o ¥ FEE .
e ]

Prakash, L] (2014). A+< . %, EA 2 A%, VK Sarin(#H), £¢ & A& (Comprehensive
hard materials) (A 1 @, 2954 Z&). =+ &AM =: Elsevier.

Prakash, L (2014). 2A4§a: 72, 54 % A%. VK Sarin(#A), 24 A8 AP A A, 2954 %).
A 224 E: Elsevier Publishing.

Upadhyaya, GS (1998). Z7A%w " 2Hl Flulol=: A4k, EA | 81 HAE., =8%, F<:
499 A=F FIAL

Wang, H., & Fang, Z7Z (2019). =3 ZAdoA Ao 94 % 7144 EA. International
Journal of Refractory Metals and Hard Materials, 82, 7685.

Zhang, L., & Chen, S. (2017). AFA4 oA AT ¥4 A%. Corrosion Science, 125,
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8795 .
Chen, X., & Zhang, Y. (2022). Z7Z%= Wl WcCo Aol tid+ DFT A+ . HakAlw s, 201,
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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A= We 49 =HARH A
g AdH sE SHShs oY WFER U= ¢ dsynh tee We 9A
719 AR ek S e & AW Ut

N
V
1
=

=]

1
rE
a2
o

2 5-20 um, ISO 513).

dxAE 54

W A% 9% 27 7 o A, dAUA 7 o How, Aol
27 BEHo] 3, AR WAl WA Lol AAs uES oF 5 10%0]
kil

o)
atUt (Journal of Materials Science 2025). ©o]= QI3 =S WE=ZAA}
Aol U PPE

= HV 120071500 o2 Hlw A xnk 58] ZFE (TRS) = 220072500 MPa = H] 4]
o, 37 QA (KIC)2 15720 MPa+m' / 2 JUT} (F= vlE=£383]#], 2024 ).

HE o

YrtrAde vux Agsty, wESS °F 0.08-0.10 mm*/Nem (ASTM  G65
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%74 HFAANE e AFS BAHY, A FA} A5
s
q

S

a2 QPgAdol §shH, 800° CollA] AX FAEo] oF 85%90%= 5« AL Ay
ZAo Asra o (ITIA 2024).

Z9Y 273%FY vAF=x

TAAAFA W 7 (SEM) 4 A¥, we A H-2 vZtdela, AAY Alole mEt
T o 13umoln] |, AAYA ARAEE o 1

el td ( Journal of Materials Science 2025).

A4 =N 24E a4 AA vlnedel @ Aol weld 4 ouAds

H
soshal #d kS Eole= d =] Huyth

Y 23979 A

Y 24 ES 72 FA I, =g vE) HE"d AY 2 gy 25 ol
AbgEYT Yol dFde A5 AP Pol =2 F4 skeol TheliAE
g7 ol A3yt (IS0 513)

=g HE $9& 1,50072,000m0] 23 5 olon, 53] whket b
2N E =L 39 AgAHS HJYTUTIA 2024).

T AR S43 vRE A" e =] WEl oy BE T4
E ditd o ARgHYH (T W ETE5e3] %], 2024 ).

294 23%=Y Az
71Ee] B ofF AL AEFUY. dEE S W B2 (G720 wm ) dYnt .
23 5, A8E ALY 272 2 dukzo® 140071450° € o)W, #A
AZHE 172 AlZE Y
HAGAR AR Y A3s WAy fall &2 38 T 2LE 4 EEE Alofslof
ok dwbH oz 4o TaC (0.5 1% 5 718t A4 H A4S AAFUTH(ITIA
2024)

H?A SHoR Q3 wAFde]l wAstE AS WA

2. 544 ©3s&
1z} Z7]: 1-5 um (ISO 513).

T 2R 24%s 9 54
W2 2dde2 A9stal, 2AHA AAo] MA Fylo] AAeh= HlE2 oF 15%-
20%% d=ok QI e £ #He ol F L AFsUT (RS AE 2025).

bt

X+ HV 1500-1800, w3 X+ 2000-2300 MPa, I3 A2 10-15 MPae<m' /
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2ol (3 nAFE A 2024).

ZHZASTF R YelrAdo] ok 10715% =3, vlR-ES ¢k 0.0670. 08mm® /N * m (ASTM
5 Ald

665 A1) ol
=2 A 1 HAAS BF 233 9loem, 600° ColA HAE FA&ol oF
90%-95%= S H-oF R T 7he ol AU TH(ITIA 2024).

473 9 HAFZE Fhufe|l=

We 2ZAHE Aopzrgola, AAY Alole] IWEANS] F7+= 2F 0.51 um °]H
AXRRA A% A== 1.271.5 J/m* YUY (Journal of Materials Science 2025).
ARWA b FAE # A% Aok A% wgaA Ane @@ Aol

>

PPEU BAC, 8% 249 A/e o ¥ JES mggoh
F 2% 2398 9 4%

W A FE(Y AY, HY BT 5, 299 dol, T L Urtusy FEd
9ol AbgRUt. F9a%, #3 wE A% 222050 513) 7hgol
S

1.572
Ao A -3 WA é‘s% AU T (A 5 A E 2025)

T3 AEA FEE 29 dolo e T3 AW FPS ARsE d Hsiy
PN
T

F3) %), 2024 ).

o

719 We (-5 um ) & ARESte]l @A B T (300-400 r/min HEE 12-
16 AZE) ol A Egste] #d4dS BAAAFU

27A LEX 135071400C 2 A, 92 AR 1715 A 7oy, AAY AL
Aolat7] e AA-AH AAA (CraC, 0.3% 0. 5% = H7HgyT).
A %5 A7 A5eE 7R HIP, 100-120 MPa, 1350° €& Ag3td 7| 3E8S O

24 %
=d F AH5UTH(K0.02% IS0 3326:2013).

3. UEA} A E Flulo]l=
Az} =7]: 0.5-1 wm (ISO 513).

WAY AME Futol=

N 2AREFS 9A A7k A3, AAWA WAl WA H3e oF 20N
2R GdU . AR EA 5 ARY A= WntRAS A A YT (Journal
of Materials Science 2025).

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved Bi%/TEL: 0086 592 512 9696
FRAE R AS CTIAQCD-MA-E/P 2024 CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com
%22 78]



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

ALZE WV 1800-2000, =3 X 1800-2200 MPa, I3 1AL 8-12 MPa+m' /
29Ut (T vjdaS A 2024).

WrtR e vz 274 H et oF 20%30% =1L, PRS2 2F 0.04-0.06 mm® /N *m
(ASTM G65 A] &) .

AL Bt FAEHAINE 12 AdFol 8k, 800CAA AR fFAES OF 88%-
92%% 1A 7harol] Ayt (ITIA 2024).

P2} AJHE 2AZZJF9] vATE :

SEM 2 TR A (TEM) &4 23, We YAE A 93 =& o o943
BoFolda, dAF 3+ IIEALS] FAE oF 0.270.5 wmow | dx AA
A= 1.071.3 J/m 954t (Journal of Materials Science 2025).

WA SlAE A9RA vnddel g¥ A3HE wolm Ane vrhei
A ARE o] WHAE Tt AdE S7HAIZI YL

o

oA g A|HE Flujol=

e oA BT (A4 T, U A B, A0 3Y 2L dvkey PE

H 3T
T
gy A7, A3 (HV 40-50 HRC) B=¥ 1 7+% (IS0 513) 7} A3kshy o)

2EE a7t Aad o (200m/min) FTFEL 273 Azt gE 4 glon, 53
AL&-A Al %453 FHZEE (Ra0.4pm) S YERIATE ( Journal of Materials Science,
2025)

| = 52 g
stolof ERQ) tolE Alxdh= Ul AHSHUTH (T W H w53 H], 2024 d).

FAE ARE Jhetol &

Tl We %E<o. 5-1 um ) & ARS8l , aeuA] & " (16-24 Al7E, 3 &

400-600 r/min)& AL, A} AAA (Crs C; 0.3%-0.5% Hi= VC 0.1%-0.3%) =

= 7}sk o},

27 2EE 135071380° ¢ 2 A3, dAFS Fer] g8 fAAe
A7kl .

i?é F HIP(120-150 MPa, 1350° O)& AR&shd vlA 78S AAT $ Jod

718 E2 <0.015% Y YT (IS0 3326:2013).

4, VY 2A¥S
Qlz} =7]: 0.2-0.5 wm (ISO 513).

2uY AME sl B4
UYL AF ded, AAYA wAe WA ¥AA % i
22 1g Yt AAHA @yt Ao vAE d¥dS gL FYu (Journal of
Materials Science 2025).
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AEZE HV 1900-2200, #3d ZFEE 1700-2000 MPa, ¥} 21X & 7-10 MPasm' /
2AUTH (T v AFS A 2024).

rR A2 vgx 243 EY oF 15%20% © =3, "PEES 2F 0.03-0.05
mm® /N «m JUt} (ASTM G65 AlE).
]

a2 Aol B FFEo] 10000 ColA AR FAEC] oF 85%90%= -l H
312 7hol A ee ol (ITIA 2024).

¥ wpgdo] 35kl UMy - FAES ¥ AZE7]= Ra 0.2-0.3 pm o =@
AEYY (= v-da583]%], 2024 ).

20| g AHE Flujol= w| A FX:

, e AAYHE A9 ddola, AAY Atolo] mEEA FAE 9F 0.1-0.3 um
ol | AAHA A A=+ 0.8-1.2 J/mYYTt (Journal of Materials Science
2025) .

AARAZ 9% wot 9 A% AR O FsAR Wkl vs F4HAL,
Qo] Hagel et F4 Aol v ol guin.

Zv¥ =
Heby @

, 1 299 mi= 487 (HV 50-60 HRC) ] 249 7hF = (d):
PCB =8, wlo]gz UE

=34
AH), A& =+ L L%% 7] (1S0 513).

HEHr S A9 of (150m /min) &7 0] 374 AIZke] @3 ¢ qlow, 53
IAD ThFolA 953 X< aAAS HAFUT (Journal of Materials Science,
2025)
w4 RE 4F 2AY 27 AFEE 0F 0.0mE FHaA) 99
3248 ofolo] =g tho] ¥ wlo]la2 BEE A Xt dH AHEHEYT(FE vE
=4 3], 2024 )
209 ARE sl

&5

Zug WCEZ(0.27 0.5um ) S AMEStaL , Iy 2w (24736 AlZE, 31A
5007800r/min) = A At YAFEAA (el : VC 0. 1%70. 3%) = F 7)o}

A 2Ev 132071350° ¢ B 2AEEHI, §A AR A AFE Fshr] 8
0.5 1 A ZFY Y.

A7F A A4A (HIP, 150 MPa, 1350° C) i 233 Z2k=w) 424 (SPS, 1300° C,
50 MPa) & AF&3lH, A} 7)== 0.2-0.5 um = ZUEA AojFHYt (ITIA 2024).

5. U 3 2AEF
o1z} Z7]: 0.05-0.2 um (ISO 513).
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Usg 24879 54
Uiy 243w W gAe vxe=2AlY A7]d ol2w, fJA WAL dA H39
45750%¢] @ Uk A &= oS Fste AE UmEAS T4

BEAF Al 7 U T} (Journal of Materials Science 2025).

AE+E HV 2000-2400, 53 FE+ 1600-1900 MPa, 33 <9lA L 6-9 MPasm' /
QUL (EE M AT AY 2024).

Zn Y ZATFEY UrtEAol 9F 107165% i, vEREES 2F 0.0270. 04mm’ /N e m
(ASTM G65 A] &) o]t}

Ux ade a2 HEAS FAIA 10000 € oA AT 90% o] frAE AL
1200° C ol 4] HV 7} 1800-2000 & -GA] -} (ITIA 2024).

79 vy 7 AT o =3, ZAE9 W ARAY|E Ra 0.1-0.2um ol
waeh 5l (S EFEE A 2024).

TiAIN ) oy} IZHYAE FZ(ITIA 2024) & 3] 5SS 7fAs)or ) .

Be2AY AME b= wATE:
TEM 2 x5 dAnd AFM) 4] 23, We A= A9 ol fJA 1F IEE
e F7E 0.05°0.1 wm o E3eH . fJA AA A A= 0.7 L0
J/m* 54Uttt (Journal of Materials Science 2025).

A EFely AZe w9 ol UniAel A4 FEAW, AFEA ¢
Ao Qd #9 A A9 /M

Yed 2482 ¢4 2ok

=AY AP 28 7 B), mlolaw 2E 9 AR RE 1E 1AL A8
(HV 60-70 HRC) H+= HIH 5 (¢F77 &+ &) 7F (IS0 513) o] A3yt
nlo]l A8 =¥ 7} (HA &% 100m/min) A, AH]A FHES 475 A7k @dF £
Qom, 53 mAW Iz JBEeB)S Jted o e 2 A5 NS

R AYTH(Journal of Materials Science 2025).

JX‘A

Tk wlolaE o VY AR (8 23F <0.002mm) E T3 2E
=i
P

1.3
om A7l W) AzdE ASHUT(EF AT EeEA,

=2AD 2BETE A
UresAld W 22(0.05-0. 1um) S AR&stal , Al oy ERY (24-48 A7
3] A 45 600-1000r/min) & AAIEaL, PAFA A (VC 0. 1%0.3% %= Crs Cp 0. 2%-
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0.4%) & 7}

A4 (130071350° C) ©]
1300° C, 50°80MPa)S A}-&3}

O
=
ol
e
N
P
iih)
N,
ithy
‘2
[>
15
u

g
kY
IN
_F_‘
P
iib)
5

AL (el ZmElofEAL 0.1%-0.3%) o 25 At lEe ARSste] £ oHe
A G 10%-15% FAAZIUTHITIA 2024).

L
°
=
el

A F P TIAN ZE A 23 un ) & Afaie] s AR Unuge
MAE 4= 995Ut (Journal of Materials Science 2025).

[

12 7] vheksk 4 A7) (4 0.2um 2 S5um S Adsle] HAF e o]F B
= I

B3 A AJHE shvlol= 54
A% (HV 1800-2000) 2 14 (KIC 10-15 MPasm' / 2) o] A ¥, Uul=R Aol 10%-
20% SFAE Y tl(Journal of Materials Science 2025).

YA E FxE= gdd uAe A40.270.5um 3 Wz AX ZAAHG 10um )
o] A3ty Fx=Z ®W UntRAo]l st R T4 Aol FEIYTUTIA

2024 ) .

3 Aol Woluhal, 1000° CollA A% frAlfo] oF 85%-90%= Bt 2hel o
AFFUG(FF DTS A, 2024).

=% 4A AHE JhulolE WA T2

SEM 4 A3 31 AA e #a 2R Y AAe 286, Wiy 2R HEES o A4,
SuE Ao FAL of 1gun o |, Ad Fx = B

A5 Yt (Journal of Materials Science 2025).

AN FRE BY AT SEE 22A713 E AL o 15 FAANUHATIA
2024) .

53 4A AME Fhhle|l= &8 EoF:

s =l FEeT aA) 2 5 28, 5% a4 Be 12 e
7} (180 513).

gaidF Sdads A9 w1sm/w), T TR 374 ARkl g% ¢
AFUTH(F TR A F4835]4], 2024 ).

23y AHE Jpufol=o] A Z:
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SAZY A 7)ES AbgstEdY, EdZFdE Zv9E We ¥20.27 0.5um ) =
{3k, WErZdE =gt we 225 10um ) & AFEEY T

2F 2EE 1400C, FA AR 1 AgRoleH, YA E Fo FA=
Z Z]

o=

%x} 2] 4 A wRE B 2AsY GWACE 052 wn YU

=38 4R AHE Flulo|=2o] E4:

TiC & H7}8o =M | TaC T3 NbC (5%-10%) = A& 3}
AoyEzm Aksl Aagdo] sAEUT(1200° C oA Aksk
7= HV 1700-1900 YY T (= HHFH A 2024).
WA oF  10%-15%  FAEaA,  dR w5 MY A Hie
<0. 04mm/ I Y o} (ASTM G31).

2L ZFx7F gakE o] 1000° CollA H3 ZFE7F oF 80%-85% A4 U tF(ITIA 2024).

AA =717 0.52um =
7} <0. Img/cm® )

ol -
o|N

=38 A AHE shulol=9] w4 Fz:
TiC & ) 7F 328A & & 4R JH=z FEHA W YA A4S JAst
oz AA HEE oF 5710% Z7HA 7= Ro2 VeSS UY (Journal of Materials

Science 2025).

53 il mUE Ao FUAS paAvn ne bdAe S TATIA
2024).

=99 7 AAE sjrlol=g) Hg:

se Aok Bl FEEE AQ AA 4E) D WA RE@: W4 8E (150

a2 g (250m/min) = é%% o FE FHEe 273 A7 g $
VRE]

JFHT( T=1]d 555384,

=349 QA AHE Flulo]| =9 Az
TiC = TaC (B%-10%) & =4 F =33 A=5E dFeta, &4 25+ 1350-
1400° C, A A7 0.5-1 A1ZFY Yt}
FHREY AkstE WASy] fE AFE Al RS 297 A TP E
ARSI TH(ITIA 2024).

7. ] HAE

M
WE,

150 513:2012: AIRIE shupol o] B % S8 Fok A A9k K4 slwow
AR et S8 ool W el 4 A

GB/T 20707-2006: =733 Tz

ASTM E112-13: 4} =A7]
GRE HE A AAL

| Y] 2 A "k Ao,
AP AANS Agetel o4
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IS0 4499-2:2020: A|WIE Jlujol=9o] mA|+x% H7}, UYx} 3% 9 39UE A £/

ZA}

ASTM G65-00(2010) : 7AZ =)/

Fhalol = o] wlE A S *7%7}?}%145}

AE W

FARAA A 7 (SEW) 2 T3 AR A (TEM) & X A1 311 (XRD) # ZA st 22 9]

5% Hlwto 2 AxF A7|e} BEE G SAHE 4 A5 (Journal of Materials

Science 2025).

A} &k Ak 314 (BBSD) & AA WA wWeky &

eAbe 20 ollE AlHUT(F Bl ES Ad, 2024).

dold 4z A7l BAVIE W v 4 AV BEE FSASY 2¢ F4&
S o (ITIA 2024).

m

PR AIE, TR Ak ATE gk AWE

8. Mt &3

Usg 23859 34 34
20249 T Yy 274 A2 AA Q] 15720%E5 AR gloH, 2025 W&
) s

EE!
F2 oAa % FEsF Bok e Z/lm s 2530%] wwd zow

sl 24 gEe] MAZEE (56 B 27 Ty 5) EokellA] AbA| sk HFo] oF
20% S7F8hdar, 7bE AEEE £0.00lmm o E=EERGUT(CEaHdaEEAg”
2024)

5% 4&A 2 FA 7= i

FE-F wok(d: "Rl Edol= Jhe T oA AAF 72 24 E A8 HES
°F 10715% S/t en, AbE T2 °F 20730% AFHUAFY b

(A 528t Ad 2025).
Bl

WA REES AHRGORA BF YA AME Fhuto] o)

e A v Q1A F ol
°F 15% &=l v Am 7heel AFAUTHITIA 2024).

=4 Az 7ed £

A A 2F Tzl ses)o] HAH v Vs A3 oW, KA ARb

2 A A 10720 o2 WSE AL, ol x| A7 o 20730% e, €0, Bl & ol

oF 25% FragHvh(ITIA 2024).

ALE 7wl BRoR T 24T ALEES 2024 00 35740%0 =efar,
25 el = 45% =2 A dld=m, ofd &3 R A HE s T

=kl BUEY Ve (@d 29719 49l 28 EUEY 9= d8ste] A
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A7] Aels AAERa, dA A7) B £0.1umolA £0.05um 2 AT
(== " ATSE A 2024).

=4 PN

AFAT AN £F 2 22 WANRE HAAsse] 2AHL oF 107156 FAA7] 2
AES oF 20% ZHAAZIUT(ITIA 2024).

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved

8%/ TEL: 0086 592 512 9696
FRAE R AS CTIAQCD-MA-E/P 2024 CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn

sales@chinatungsten.com

%29 T # 78 W


https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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A A AT NCE S HA @600 0% AL QAW 900" € ol ol

=3 29 Uo® 3 wiHEe xﬂ%@ﬂtﬁ(ﬁ MAIF o2 oF 430 7 E,
Bakdd 70%) 7FZe] WEay
S%: NbC & grbd oz Fb F3jo], ynlRAd HF5 2 dAd 3 d: 45
to]olE= YN8 ) ol AFEH

2.4 AYA

=% F7t
ElA , TaC & NbC+= A%, WutRA, 22ja A4 AEs AUXA] G232 4A17]7]
Al FF 23] AFEHYTH(el: TiC 5% + TaC 3% + NbC 2%). oS 9], Sandvik
GC2030 Q1M Eo|E TiC-TaC-NbC E&A4 7} HA7}Eo] ZAE7F V1500 o] =8 0] 30%
Agg U

agA 73}
El# , BB, NbC 9 WCE (W, Ti, Ta, Nb)C AE&AES FAsta, Ax wgo=
Aok My Aol FEEUT(@E A=7F 205 D).

aYPYAE F=
TiC / TaC / NbC ¢ & =
AAL 277 a0l Ao, UsAAde] 25% dE YTt

ofy
L
2
‘O,
2,
-
i
rlo

3. HxEgE9 e vlu

e ¥+ TiC 9 Ay 288 vuwgdyc . ASTM 665 2 IS0 5133 L T+
HAE HolHE 7|Wte® g AlWE Fhufo] =9 TaC 9 NbC :
dE 14 (Kie, 4 ARk Q)
BE Sl UmEAg (ASTM 2] A1
A% WV (g/ MPa “m A (@ M (USD/kg) &-&
Fhupo) = (GHO) A 665, mm® ) A= 0)
em* ) " (1/2)) 25 = 2
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mg/cm® )
a1 A
ore
o 2800-3200 3160 4.9 8710 A 1020 Al <900  0.2-0.3 30750 A T
a4 33 1
e
B4 1800 1472000 \d 3880 14.3 1071241  15-25 <1000  0.1-0.2 1007150 =1,
a7 vz
CRE
2000 gl = N =3 o]
QAR 3600 7.8 12-15 15 - 25 <900  <0.1 50780 A
2400 3 F2) 1A
=3
o Al :
e Mg AR@AL A= H), G A48 K o), WA (ASTM 665
R EA) AN JRE@EES A% §4 £5), WAY (RS B Y % g,
TiC ¢ E4% 7|¥ko2 | TaC 9 NbC & F& A Ave s vyday

Hlo]8] &4 Sandvik, Kennametal, Zhuzhou Diamond Technology ®BA{, ASTM G65, ISO

513 AlY s =

4 RE B2 7, B 2L A9 97

4.1 33 9 a9

4 B4

A AX7r 7V wa, dRVF PG wew, JPHAL g dae] AHeiw, Abs)
Aol sraHh

Al QIAdol AL, We Bt v]go] Wo] 5a1, H7b=eol ®ol HA H7h Aoy
Hrt

2k

A ANAE =T} =4 2 AFel o Aol Ask, e H

L
QL
[
k4

WA v go] Wol 53, AE F7E Al@Aelm, wlg el o] ATk
hje

AR AAD QA AR WA, 5S4 2 uh vhe] dig A,
WA A4 AEsk REsa, Uod Aol $E5u, /A wEel A

& At (38 ¢FvE #qE, 433 )
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TiC = Ax¢ Wisids 7= d 7P A 29y derE <l
SHO2E K313 (TiC 10%) ] UF
1L 7 (UA 7 e, € @
A Aol WEFAANS HAFJetH™ TaCE AusiAla . dubHd SHo2+s
GC2030 ( TaC 5%)°] 54Ut

B e 74 A A () 335 59)

NbC = A YA S A7 d dagyrh ARkl 322+ YN8 (NbC
3% o] AFHTH

THHA AT
TiC-TaC-NbC ¢ %S A=

S iR FEell AR U T

B 8o ®7g Ayl

TaC ¢} NbC ¢ H7FS %4 (B%)star Tic o ¥ZF 3te] H]

==

o

< 10-20% A7gycy.
A% 2 A T

A 8%

2025 1 AT AA FRE SF 180 o "o o= A
2 A 18 m%w%»ﬂﬂ@-ﬁgi.ﬂﬁﬁq
AHE-=H (60%), Ml C
AFA U T .

= Oﬂ}b e, HZ
7F 7 g
7} 7474 15%2F 10%E

ofo
)
2
40,
2
(o3
2
o
fru
‘0,
o
H
Q
(@)
o
Z,
o

g Ed=

Yixghalo]| =

U271 TiC / NbC (K0.5um)E AES HV160071800 &8 =o]al QA4S 20%7}H4]
o] 2027 WollE= A FY 15%2 AFA & Ao R oAyt

=54 Az
TiC / TaC / NbC & A &-&3tA (ANLE&E > 80% Bl-Eo] 15% E7& a1 gt WA=
25% 7+~

A& A
Al = 27 &S HAH3eta(a} 2% 37 A 30% FHA UL o5 59,
A=de 2024 do) Al XY T AAE AT AAI YL

Mz & T2
A A (38 BNl G 7he 9), AR (HAE = vE) 3 A =2 (54 B
) Zokell A TiC / TaC / NbC 7k 9A%F 10%# Ad7dstar sy

6. 48

BA , 2AgTdA TaC ¢ NbC = Ax , WwtRA, A4 X, ik
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hgel AFshv, NeC & viA ARk MAgoR Y 2 set Aol A
Phga ngAl A0E Aol 45 0% AFseAn, gt Yol 7ol
Bogh Fow tusbilels , A8 A% A% AL 24D L AL
e AN nE BtEe] 43¢ H1T AU nE USRS A9 1
TiC & HHe] e Ry AAE TaC % N7k Hel 27, B 2T A
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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of
n

273w 2FAES T 7%

e
=0 AT (140072200 HY), WulRA, 33 ZAE=(1.52.5 GPa ) & zt&F 2HIFE
Ax F 58, A I 240 HAFUT 2AEEY e FAES(d
Wo) 2 AstAlgel AlYA] adelA vEEYT AT TAEA” 2 T/FY”
AsHS st A dAE ddsta A, WAA, 7 5SS Fodynh 19234
SUAA ATl dEE olF, AAGS dd IHREA YA H FUWE-
U g so2 SAHSYT Hd e U AgAY, oA (4 CotMot
Ni) %2 Z® FHAE 3 AFol AA FHEAFUY. B =olAe AFAde
T, 7%, WA xR, AE v, 39 daE, HAg Wl 2 A8 Fors
= (o: GB/T 3849, 1SO 4499) ¥} 3+7 Abs 1t}
2. A% 9A 9 73
2.1 FE (Co)
EA. 90% o)A, = 620%, FCC T+%, &87F <10° , =7 1495° C.
EA. AX 13001500 HV, KIC 812 MPa * m' / 2 938 7% 22.5 GPa
g Fok: AA T (Y66), =3 (YG15), %’&(YGS).
FHY gHd: o A, &4 <0.01% SHAINF F2 &% 0.0lmm/d, H]-&o]
5 UTH($3040/kg) .
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2.2 YA (Ni)

E4: WA, &= 515% Ha2 T15°, 554 1455° C.

s F2 &% <0.005 mm/\d, X T1350 HV, KIC 1012 MPa *m' / 2.

|5 F24 Ar 37, 88 58, A9 =

AT G Aol g vlEo] AP (ke 1,520E), AP BE7F oz
kg

2.3 A (Fe)

£ AEE 717, =k 510% a7 T20° , R 1538° ¢, n A A fol.
A% A% T1300 HY, w3 A% 1.82.2 GPa, F2 £X 0.02 mm/\.

S5 AEs AflE =

e vE2 20% WAV A5 10% Wyt

2.4 IYE-YA FZF (Co + Ni )

Uz o] WiAde Agrete] dFol 615k0]H HE2 =d 7t
Al &% 0,007 mm/d, KIC 1012 MPa e m' / 2.

l'}
&% §F B, 39 39
AR aH ARAY e AN e ARstslor Fuiv

EA: Mo WHEA(2623° €), Cut WA (1085° C) o] glow, ke 5%yt
As: 7%= 120071300 HY, w3 A= 1.52 GPa .

Aok a2E T (Mo), AF-3H-F (Cu).

A s CotMotNi  WdAdo]l  20% F7Fekdlal, YH=sEE <14do]  10%

i
miN
o
o
Luﬁ
=

7 CHd, A2 dyx "2 )/ m® .
29 . dEFAE 46 GPa, 7]FE <0.01% oNUHA AFF 10%.

WEow #9 e AU
3 = 50% 7o, & L= 25%
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3.3 A= =&

MAUE: Agdel AEot v, Gl woW AAl Awsh gaginh
a3 6% Co(1500 HV), 15% Co (1300 HV).

3.4 YA FE

HAUE: YA 55355 AT
s 2% <0.005mm/d, FELEHTE 50% -3

=
= -
 FHE 71k A% 599, 9% FEF 1520%.

3.6 3t= A%t 43 A&

HAYSE: ZYHE W 23 Ay "2 J/ m?, Cr3c2 & YA S AT
A% YxeagE Aol 10% s7HEFH

4.1 ARTZ

FHFE: FCC(ZAA) + FE HCP(ZAE), 349 ZHA] FCC §4], QA4 o] 10% Z7}.
YA FCC & b ststa 1 2do] -3t

A: BCC, AAde] Wi n Aol P HdHUh

SEM/TEM:  FLEAFS A48 0.52umelar , YA A2 HlwFd g5yt

4.2 AEH o~ 7=

SATE NWC: A9 AdA 2 J/w, =Y FEIF 15% 7RSS U
yAwe: Ag elvA L5 /e, BE7F 5106 A

AWe: n 4 Aol Fa A=) 1015% FAad

HAZ: cr3c2 & A3 AEE 10% =714

=) =
4.3 ¥ EX

5 3T 5 =) 2=
e Fx: 7d Aol 20% F7HAEFYTH
IYE = 77t 1015% FAES YT
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SEM: YG6 ¥4 X% >95%, YG15 IWE F 510%
A3 B0 ¢ ooace, LAl 15% SRS

4.4 " A A%

e THEA > 0.1% BT} 20% ghagh

n /g AE7F 510% fHAaeh

Afreka: 27 106 FAPEUch

TEM : o e A5 um) , frEEa FesE 40.52 un) Juth .

HA 3} HIP Z%7} 15% Z71asych

ER 72
AR A2 GA Zd= 7= HY) ( Pa) A4 (KIC)  F2 FXE (/) ofEgAlA
a
Y66 ZHE 6% 1500 2.0 8 0.01 2 F=¢
Y68 ZLE 8% 1450 2.2 9 0.01 PAF =
Y615 ILE 15% 1300 2.5 12 0.01 2wy ool
YN10 Y& 10% 1350 2.0 10 <0. 005 &4 Ao
YNC8 =+ 2 8% 1400 2.3 11 0. 007 }FT =
= +
YF10 10% 1300 1.9 8 0.02 AHs =4
FUE

6. v ZH Y FEFE
6.1 =¥ 3
200072500 HV, jo}mAd.
18002200 HV, 214,
A1203: 7 2000 HV, WA >1000° C.
8. TiN+A12034TiCN, =374 ¢l A%5o] 94t}
6.2 F32-& HWAYE

WA ZLE JIk + TiN F2Eo] 20% S7Mskar, YA 76k + CrN 4= 0] 50%
7

A AEE 4TINS RS 15% S7HARI YT
shsha Qb gdAd: YA 71Nk + CrN H-4] &= <0.003 mm/'d.

6.3 &3
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Wrk R A Y66+TIN & S 3 8] Z7hA14 Ut
WAA D YNIOHCrN 2 MBjA S 7 w2 S3HYS
WAA: YNC8+A1203 At &% >1000° C

vRQlY A A IRERIAY), UAMAA), CotNi (F3h).
Ei E 6%(Z), ZLE 15%(F38).

JRAE B Cr3c2 1A +5%.

HAAsE 24 HIP 2% +15%

FH : CrN AA +2 v).

8. A& AH|

YG6 & A% 1500 HV, = 2 AJZH(+ TiN 6 AlZH).

Y615 38 : 934 %E 2.5 GPa , =9 120, 000 3.

YNIO 238 : FAEE <0.005 mm/Yd, % 13 CrN 2d).
YNC8 3: 74X 1400 HV, =7 3 Al7F(+A1203 4 Al ZH).

9. ¥&F

GB/T 3849: IWE =}7] A]9.
IS0 4499: W] A+
ASTM B406: 3
ASTM G31: W21 A,

ASTM C€633: =8 M4,
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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ol
R

2A¥F T TAAA Y vy FTF 2L J& HAA

1. 18

2R3 3 TAHAAE AAARWC), ATAN(Co) F HIAES H2 B w1
A2 &3ksle] =3tstal , ASAE Hrbsle BF Az, s 2 4ES 9%
Tds &8 E AxPgUd. AIAE dA 2FES Asteta (A A= >5 WPa),
frede MAAsa (<30 s/50 g), YA FEE #AJ3FaL (D50 50200 um ) , &4 Fo
EaEUc (7 A <0.1%). dubdel AstAlre Zgjddd 28 (PEG),
Zu)d 452 (PVA), et (PW), Y- (SBR/BR) 7} AUtk &g EA, ¥4 2
{2 gt AgAS AEsor )

2.1 Z g A== F (PEG)

3184 5A4: HO(CH 2CH2 0) nH , ¥AF=F 200-20, 000, &/l &kl 8
250-400° C, ZHF B4 <0. 05%.

282 EA: A% 100500 mPa+ s, 18 7% 510 MPa, 574 <25 s/50 g.
A Galdol Far, Fa7F AR, vlEo] AHIFY (1015 <t/ kg).
A BEA, g A 10w A

A 12%2 HUbska 12 A1ZF Fob wuksk 5 3007400° € oA Ea g

o
:(u)l—‘_'4
o
:(|>L_'4
rfo
it

2.2 ZYn| 9L L (PVA)

A EA: (C2H4 0)n , A= 20,000-200, 000, &4, H3] =% 200-350° C,
<0. 1%.
A H% 2001000 mPa s s, 1H 7= 812 MPa, %54 <28 s/50 g.
A BETE smol HAkeh Bkl A gyt
collgRE St WA, & ulgo] 1015% %7}6h4u}
5L 5%E H7FSEaL 23 AlRF St mwkgk & 2507350° C ol 4] wEE Tk

of L o i o
o m m ok
)

glsbd EA. G344, B 3001000, =% 5070° €, E3] =% 200500° C,
B 0. 10. 2%.
E4d EA: A% 1060 mPa+ s, 1% Z+X 48 MPa, 54 <30 s/50 g.
FH: 7HAo] A (ke 510 913D, &84 S5
WA AREO] wa 7] §uivk Fagch
FA - A7MF 23%, 7FER% 6080°C, > 400500°C.
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2.4 315 (SBR/BR)

s}ekA 54 A 50, 000-500, 000, <3l =% 300-600° C, ZHF ¥4 0.2-0. 3%.
287 EA: HX 5002000 mPa s s, A % 610 MPa, 54 <30 s/50 g.
+: e Eol %_—%1, 9 Aol 15% F7FHHY T

A bR eAVE Bar B]8o] Wol Eth(kg F 2030 H1%H).

T . HIFEE 129, }%%E 5070°C, &% 400600°C.

buri)

PMMA: E3] 2% 300-450° C, FHfF A <0.1%, A Z=T-o A3lsth.
CMC : E32% 2507350°C, #FHFEbA <0.05% A7) A ghsh

, B A AFE <0.03%, S=A 15% =7}

Zda: 13dE 3=k 60-80%, oS PEG/PW %—8— PVA/CMC Ut}
T F4 &3 45 pva, 14 ‘?}7394
%_‘E' Xé*ﬁ FF-o| = PEG/PVA £, oﬂt SBR S, H]%OI AHeE FAgoE= PNE

7}73. PW(kg 510 ¥J¢b), PEG(kg & 1015 ¢J<h).
3.2 3§ 7153 AUl

PEG: YG6/YG8 %=, D50 80150 u m, 54 <25 s/50 g.
PVA: 2V ¥z} 33, A % 812MPa.

PW: YG8 A& Z=, 7FAo] 20% 13HE A5

SBR: YG15 58, ¥ AFAde] 15% F7FhFHt
PMMA/CMC: 38 %=7-2] R&D, D50 5080 ubm .

3.3 A4 #73

SheF: 12% (PEG/PVA), 23%(PW/SBR).
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i)

I 3 70% A 200 mPa e

: S .
: 500-1000rpn &2 12 A7} 9_} warsh o),

o By o )
o iy o &

. AF, 350-400° C, €A FHE <0. 1%
SH5E <40%, 2% 2030° C.
5. A3t 53
Hlolt] M€l PEG/PVA (L}o] ), SBR(EX

ol g 54 Z% 512 MPa.

HAAstd zele): 1PE e 7075%.
e T YHE & 2Hom FdAol 1% H FEAFUH
HAsE 24 HIP, 713E <0.01%.

6. %<& A=

YG6 =: 1.5% PEG, 54 23 s/50 g, 4% 1500 HV.
Zu YA} & PVA 1%, 19 7% 10 MPa, 74 %= 2000 HV.
YG8 FAF = 2.5% PW, w3¥ A% 2.2 GPa .

YG15 &9 : SBR 1.5% <" 120, 000 3].

7. 48
273 &3 AR E vRRIdE s ZEdEd 228 F (PEG), ZEM|d a2 (PVA),
et &~ (PW), 35 (SBR/BR) 2 Z]E}F(PMMA, CMC £)7F 95Ut PEG &= &4 o]
S8kl (<25 Z/50g) W& Fol AFPUCE PVA = xS W ZEBIP) S
ZFAaL Qo) xw Y el AsYTh. PW o= 7HEo]l AdHske]  #FAE T
Ayt SBR 2> WFEAol sk oy 8o AE3drh &9
EAQ YR 60780%), &4 27, AL AU ¥ vES 1Hsie HRRIgE
Aol Ut HASE T FeAHE 20% I FEE 20% HAEE 5%
P 7IaL vlE-S 20% AR ¢ JdFUoh do® A yx vReligel o)F
el As A 2 8 HE 5392 7HAE AYgyn
ZA%E ¥y 54 2 AT HIR
Bt gr =4 5E
CIES
A%A setd 54 eE  RRE Y A~ Es A% Fa ¢4 Bo}
] ot/kg
C % a5} s/50g
540
HO( CH2CH20 ) nH EShA -E—?SH7]- —’,‘—-“&_—%—’,‘—
A 9EE (Y66,
= %Z}%‘t 20020, 000, 250400 <0.05 510 <25 1015 WH%\IE}EE] i-‘f:z}%k
YG8), =3 (YG15)
2/0ee S84 H]g-o] BaRRE
A}
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e A3 dig
(C2H40 )n , EAF BAER Sl=7t  =nHA zy
3]\ o] o] 200350 <0.1 812 <28 1520
20, 0007200, 000, =84 EA 9 Ax I, 538 59
Fdol A3t w8l
=5
AF 27}
3k, A=
w2 AEgk 74, @ol % =T (68),
3001000, 7] &wjo] 200500 0.10.2 48 <30 510
e 2 &2 /71897 A7 29
43
233
e
= O
5 A .
A 5gol
2 50, 0007500, 000, 357 dE =3 (Y615),

SBR/BR 300600  0.20.3 610 <30 2030 w®al

§7)1ulol &3 75 B 2 P =T
H]g-o]
A4 ol ol
°o] &
H]g-o]
A,
2= 50, 000100, 000, =3
PMMA 300450 <0.1 812 <28 750 A EF A IR = gk
7] ol &3 75 g8 =st
A5E
ue
840
PEERPN S5, 1 BaA=A 2 A84 A7 2
A A 250350 <0.05 46 <25 2025
84 720 we A, BT =T
=S
el =k &2 Tl &S vAH, <400° C7F JF 2Zel ¥ APt
B AFE: 0.1% 228 7] FE <0.1%2 2gdh
= R 55 MPa B 9F &7 AMES FFeka, 812 MPa = BRI mYd
Ay o
G=A: <30 %/50g, BF 1A% QT AFSF(GB/T 1482) o F-33ht)

ok Al S flEiA = PEG/PVA, AHIES fsiAe PN, oY HERS

H

5

&1 PW7F 7Hd A A olv PMA 7F 7HE HI U Tk
2

¢}

41 SBR & AR&RUTH

8. &
GB/T 3849: =WE x}7] AlE. IS0 4499: WA F%.
GB/T 1482: %4, IS0 3326:2013: t}&A.
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1. 718

AT Yz Jpel=(o)E AAdem, IUE(C) T YAN)S
Ao w st BAEdUY. 1 AeS B e AYEE Aol AAl
Z9-FAYrch we o] o]ZHel wAa TS 6.13 T %o]v, A A= 6.08-
6.18 TF % AR Alofsor FUTt (FxulHFE33] ], 2024 ). A HEF
Az g8 = Mg Ao = ojojd & glon, ofe AR mAxA I} 54
A d3%s PRHYUY. 2R B4 o] REgE AHE delw, o2 23
We 7t EAFAY HA n A (CosWsC X CogWeC ) S FA dto] Axeot H=v}h
Aoy, HJee Aedt g4 S weiH, o2 dd fE gA (STt
AR YetEAdy 38 HF2AH JFS v HAUL. 2 =5 T3 F37hET (GB/T
3849), =FA|E = (IS0 4499) A gL

) )

L WC(6.13 =H%) o FerFEnjHct Uk % ) =2 28] We 7t
A ( Cosls 0 O] }\6] ‘4‘:]' . CogWg C ) .

v A FZ
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n ARS A = Qiatolw, H7|E 5725 um , AXE = °F HV 180072000,
QG (KIC)2 476 MPa-m' / *%, Z24%T A o 8715 WPan' /> BT} EX
31Ut} (Journal of Materials Science 2025). n 2] FHAL 449 AxE st
Azl A A Y

getisl 95k

AEE 5%-10% ZFATUth(d: HV 1800 ol 4] HV 1620-1710 ©.&, ITIA 2024).

B 7L (TRS) & 10%15% ZFA T TH(2200MPa o] 4] 1870-1980MPa =, ASTM B406 H A E
W2l del ZAasta F2 HE7F 15720% S7FEU (AT B oA 2
5= 0,05mm/do A 0.0670.07mm/ 3.2 =7}, ASTM G31).

o & HAb 1 Q200m/ ) oA e 2 T UntRAS TAA7] dat
TS oF 20730% GEAIIYUCT (T v H 5383 #], 2024).

2.2 A&k

A9

2739 ¥4 g5 seEnHY =a, fEleA (A 7 AAE Y

um A718 S e Zdola FEE EA , AR = vl ST (KHY
100). T2 ILE A EE= AARDA o X349 7FES I/HAHYUG(ET

H A =55k X, 2024).

AEE 3%-5% AU THHY 1800 ol A HV 1710-1740 ©. &, ITIA 2024).
A7} == 8%-10% 7233 T (2200MPa o] A 1980-2020MPa ).
A g'Aae Ae57s 57}*17%<5° oA 15° -25° =) =® AHIHES 15-20%

A Z Y Th(ASTM €633 B 2~

of . 2¥Isg tho] A& A, 73%% =7 tolo x¥ AAVIE F7HAIIALRa &
0.2umolA 0.3-0.4um 2 =7} ) , ZY 2SS 2F 15% =7HA171H, tho] +FH &
10-15% ZFAA1Z Yt (Journal of Materials Science 2025).

3. 29 R gk €9l
3.1 2e423}

HALA 8.4

A o] FSFUTHK6. 10 wt %). & o] W el ©4 FEFo] o] &3k (6. 13
wt %) BT} wEUTh

AoE & F£F9 AFE (o W03 =X Co0; ) (0.03%0. 1%) 0] F &= o] 9lown,
ol A Fol 't WhEste] C0/C0,E A ©AE ARIFYT(Journal of
Materials Science, 2025).

FHEEH] FHL EdAst ETE(E, AR S)ol EFEo o] oF 0.05%
0.1%2] €A &2lo] WAFHTH(ITIA 2024).

.

7] 821
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24 9719 AkAa %%—8— >0.1%=, o2 ol&] B4 2kslzl dojiu} €0/C0,7F
A=A g So] oF 10%15% 7o

TAaM, ) FZFol UF oW 0% Tt whgolo] CHE FdstiA e d4vt
AAFDYTHITIA 2024).

7] S H0 ) 32 >0.05%= w9l REgshe] €0 ¢F H,& AAdste] g8s g%
ASIAUTH (T HH TS Ad, 2024).

KX o _g_?_’!:

AALE D1450° C, WCE Wt =& n Aoz Eafgyt (WS 2WC + Co — CosWsC +

2% WS (£10° OF A& IHFAQ dwte] WAl n A A FE7F 10715%
7Y (T HEEE AE 2024).

Alzkol YF AW @ AIZE o) ®A 3ol Sojup dekast o] ofF 8%
Ut} (Journal of Materials Science 2025).

2w ot

o
oo
i
)

&2
Rl

TH B BX HA7F 0.1 TF % oo R A9FH

i)
au)
o
Yo
N

(

2% ](JJraM PW B+ SBR &)° &F ©4aE2 0.1% ofdelH, &4 Z7]
ol A 3] HalE A kol v ol FeFS wHUTHITIA 2024).

% H] (Htﬂ ‘:)t SA(HE S)Ho] 2EES S oF 0.0270. 05%] EFAS
A Ad, 2024d).

B oot @ o nZ rlob rlor o} (L of
I Eg_iﬁm;m;+m8
el
2 E_E

ot
L
E
ofy
_HJ
E

nN'
!

AR A L5

wr goel U¥
wt %).

Baue A4 Db FUHA LelOloun ) FHRA o= B @i
HEAZ TH(ITIA 2024).

A8 Fo d3=0C ) dA7F UF vAIK. 1 wm ) o] FWH &4 o] F1
g7 =54 S2E o] Ut (Journal of Materials Science 2025).

7] 8¢

274 91719 CHy FF01% S '©A FJdo=z ojojxa gsl &£%7F ¢F 10%15%
Zohg o,

Agol FHFHCI0 2 Pa) A $o] AAHI Hol U= Af{F Tt

)%

yr06.15 wt %). & E°l, #=F 7hE=# H7H00.5

it
i
£
-
—
—
=
[N}
o
[N}
N
N—

T B FHuElde]l YR mow(o: @A HEdE > 1.2), ¥4 9xe A=
o8 FAtH o FAdS HA
3%-

T7F 1350° € wRkd A9 A wkgo] &RFHXA i Hol e Af '@Aiv)

u:‘ﬂ
L
XL

o B rlo B 2 o
nrﬁm&kﬂrﬂirzi

£E WBH(EI10° O FRA BHE ool Af waol ¥3 AREE 5108
Mg G nAFEeeA, 2024 9.

o
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Yzh 7 UE =250 o/F) WA AN gt JdEa g b of
5% =7FgY ) (Journal of Materials Science 2025).

1“>

ol
-

“L% = ﬁ}a}ﬂﬂﬂpw)ur SBR 9] ZHFEFASLS 0.15% 0.3%°]™, E3
=3 Al{hﬂ %%8 A] %2133_«10 AIZh) EA
8712% =7} Tl (ITIA 2024).

=3 A Tl L EFo] FHHAGH dA > 20 wm ) FHA o2 B}
A7 HAF UG (S HHTE Ad, 2024).

A wHAYE:

getago| A n & We-Co AW A AUAE 7‘**1 1‘7(1 2 J/w oA 0.8-1.0
JmE ) a4d A AFgS ST

7} mex 2w wR gshgo] of

iz
b

k3l o] A EAE AS ZAnE F7RAI7]a(5° oA 15° -25° &), wcoﬂ o) st
ILES FASAHE Z.%iﬂf’]tﬁ, % Az ol S v YT (ITIA 2024).

B ShEkol ZFe |AH(£0.1 % %7 A7 AE o] oF 10%-15% Z7}5}ke]
nl Al dgro] g% AstEUtH (T vETS AY 2024).

4.1 vAF=x

123N
A WC-Co AHE FHsta, IUE Fo Hys 5% 10% S7Fstal, YA
H A o2 ST 0.5um oA 1-2um 2 ) .

-

o34 Z7F 0.05%0. 1% (IS0 3326:2013).
AW S2o] oF 10% S/l njAFdo] wAE gEo] 15720% 571yt (Journal
of Materials Science 2025).

S 0.1%70. 15% Z=7FA 7).

E o] W, IRH AL 10%-15% Ak,
HA FEe oF 5% AAFUT (T HHTS Ad 2024).

froBa dAE 8 1S fEsty M1 94 AFE oF s SIMIAYTHATIA

4.2 B%
BE:
EELA3l: 5%-10% ZH24 (HV 1800 ol 4] HV 1620-1710 2. &).
B AXE 3%-5% 7F4 (HV 1800 o] A HV 1710-1740).
3]
g2e3l: 13 ZFE=7F 10%15% (2200MPa o] A 1870-1980MPa) 74T}
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AHE ¢ 8%-10% 7FA (2200MPa o] 4] 1980-2020MPa & 7+2A).
A
gk 93l (KIC) o] 20%-25% Z+Aguth(1oMPa «m' / 24 7.5-8MPa < m' /
2=2) .

ekl ¢ 5%-8% ¢F7F F7F(10MPa e m' / 29]A] 10.5-10.8MPa em' / 2% )

52 AP

gk F2a 5T 15%20% 5 7FrH (0. 05mm/i A 0. 06-0. 07mm/ A S 2, ASTM
G31).

g3} B2 £ oF 5%(0. 05mm/ ol A 0.0525mm/d) S7FgU T}

2
L

1 15%20% 7Z+2A3Ft} (50MPa ol A 40-42. 5MPa &=, ASTM C633).
dx-= o] oF 5% AT Th(50MPa ol 4] 47. 5MPa).

v
e
5
o O

HebAaEl o upREol 10%-15% =7 th(0. 06mm® /N em oA 0. 066-0. 069mm® /N *

T WrtRAd S AstAl7lar A S 20730% EEAIIYLE CdE &
A2F(200m/min) ol A= I FHEol 2 AZFA 1.471.6 ARPo R
HUTH(Fond 5533 %], 2024).

T 31y 98-S 15720% 7713 S 10715% ATk (Journal of

)

[e]

e F8o] WEAAHS AsAZI FHES 1520 TEFAIUY. o E 59,
2~Es) o]l e 120, 000 3 oA 96,0007102, 000 3] 2 T U}

A d 3H AAVE Z7MA7]2Ra e 0.2umolA 0.3-0.4um = =7} )

™

[e)

ger4slE o8] i 9Fo] oF 25730% =7FgUTh dE B9, Ay #FF A
A =g HESY L 2000m oA 140071500m 2 Zo] 5UTHITIA 2024).
gagae grltEAdSE o 10715%  fAaAZl =¥ HE S 10712%
A2AAYUG (T v 545383 %], 2024 ).

5. A=<t

5.1 AAA &
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S 6.10-6.15 T % (+0.05 T %) 2 AZ3HA AHAo, A% W
(&4 3=F 6.12-6.14 % %, Abst= <0.02%) o] AR&S A4 T

CrsC, (0.3 % —-0.8%) I VC(0.1%0.5%) <} 722 dA AAAS H7Eskd n Ao
Aol JAlEar n Aol F-3] Hl&o] 8%-12% 7HAFUTH(ITIA 2024) .

I JHEED(EE > 99.9% S AESt A ek ot EsE(d: 3
Ab) o] 7HAS Folal B £AES 0.01%0.03%2 AU TH(FIa d 483 A,
2024).

LU
2 b

&
E

B Abgate]l £ (12718 A1%E, 3007500rpm) M F A3 0] 10715% b L

X AAE €0.05 TF YU Th

(Gha 278 <0.03%) o 28 Ags 7 wRldE AREske] V& ek ghs
A BFE 0.1%0.2% E dAFZU .

L

2 d= wjA (e ZE B diAl we 2 E HAsstd H o 9dS Folal v©A AHE
°F 0.02% =9 4 A5Y Y (Journal of Materials Science, 2025).

EAHA (Z=H ok 24 T, 0.170.3%) & H7bstd 7HEES SRS Folal HUAdS 578%
FAAL F AFUT (T v TS A, 2024).

AEades AYFFE 10 2 pPa)stal, W7l & AtAE <0.05% H, <2%, H,0
<0.03%% A|ojslo] ek Ab3} = kS WAy

A7 &% 138071420° C(£5° O ZAH A, FA A& W Eay 8] g
s BAE7] 8 1715 AP YT

W7t &Xe 57100 ¢/we® AlojEo]  Af 'A FJH el ok 5%
7+ =3t} (Journal of Materials Science 2025).

A7+ S k= (HIP, 100-150 MPa, 1350-1400° C)& 7135 A|AStY 73 &S
0.01% ™ RFo & vFE1TH(IS0 3326:2013).

7] ZUHE A =E(C0/CH, el AAZE 7HA] ) & AREste] A ZEIE)
<1.0°] Hx2 BA3tA ealso] oF 10% AT THITIA 2024).

5.4 A ¥=uy

SIE 27 Al (GB/T 3849) ¥hA &F WA (£0.05 wt %) E At n A3}
fre] ©aE gt Aot d ARSEH YT

X A 3HEXRD) Y FAPEAER A (SEM) S Ajtste]  mAlFRE A Ao,
n g/ frEleka AEEC] 15720% 7S U

2
AW (EDS) & AMEElY] A BEE
AolH AgEL 10715% #AAAFUTHE 1A
B mUEge Fdste] 24

A&y, HAzFE 40.03 T 9=
& Ad, 2024).
7149 co/co, TS FHA|kaL

HE nu HE
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2AAro 2 IR AAE A ASHES oF 8%7HA] YUY THITIA 2024).
5.5 ¥4 A

A EEA2S (R 0.01-0. 03 mm) 2> AvkE 3] AlAHANSH, BH AE7] Rave 0.2
pm RAFHG .

PVD TiN & A}-&3te] | TiAIN B+ CeN ZE (57 2-5 um ) S 319 ZE HzgHol
15%-20% kA5 Y Th(ASTM C633).

Zajavh Qe wRol Wol At WA AZes o AHgEv, 2w el of
10% A= Yt} (Journal of Materials Science 2025).

A A3t Az (5007600° O)= FW AEES oF 5% Z7FA7|a UAAS 10715%
Z7P\]ZJ‘4‘4(ASTM G31).

g3 ArEAe] FIu a2 10%-16% FHAF T

T} 5%-8% 7 <Yt (HV 1710 4 HV 1800-1850 ©.&).

FEE 10%15% S 7F Y oF(1980MPa o Al 2200-2300MPa =) .

RAde] 15720% FAF L, F L FF el 20730% Ay .

FLE Fa FT(WC-6%Co) : X842 (1400° €, X% 10 = * Pa)S A 0.5% Cr
s C o & F7kstd n Aol 10%-12% skl AX7F HV 1850 o =edH
a7t (200m/min) & A o ol L5 ARRlA 182 Alte®
ZFaU o (T=vld =534, 2024 Q).

AFUE  AHE  Fhblol= 3 (WC-15%Co) 1  ErASEES AWUE A Ao (6. 12
= %)t dntsle] FEEAS 10%-15% TAA 73, FAREE 2.4-2.56Pa ©
TEA e 2Es F¥e] $£HS 10 v oujolA 11 9w 5 H-12 7 uwjE
7MY TH(ITIA 2024)

Ni 718k A3 23 (WC-10%Ni) : HIP(150MPa, 1400° C) % CrN ZEE ALE
7188 o] <0.01% HA %7} <0.005mm/dolH, dk dx|yo]ly REol Z=umo)
|

0.8 A 1.171.2 3o 2 =73t} (Journal of Materials Science 2025).
ZrY 2AEFTWC JAAZ7] 0.2um ) : Y= -WC FEES AFESHAL Al0; (3) o=
I3 uom ) AEE HV 1950-2000 o] =2Etn 12 I (250 m/min) S A3 uj
Frgo] 3 A A 3.8-4 Ao 2 FUMUT (Frn|E 5483 K], 2024).
7. &
GB/T 3849-2015: 24w IALE A7|4 Ao tigh Ald Wy, wa =F dJA}
HE.
IS0 4499-2:2020: 2743w vATFx H7} oebd 2 Fajes B4,
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ASTM G31-21: &< A=) A4

ASTM C633-13(2021): =& H &2 A
IS0 3326:2013: %74
ASTM G65-00(2010) : 71

o
o
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CTIA GROUP LTD
30 Years of Cemented Carbide Customization Experts

Core Advantages

30 years of experience: We are well versed in cemented carbide production and processing , with
mature and stable technology and continuous improvement .

Precision customization: Supports special performance and complex design , and focuses on
customer + Al collaborative design .

Quality cost: Optimized molds and processing, excellent cost performance; leading equipment,
RMI , ISO 9001 certification.

Serving Customers
The products cover cutting, tooling, aviation, energy, electronics and other fields, and have served
more than 100,000 customers.

Service Commitment
1+ billion visits, 1+ million web pages, 100,000+ customers, and 0 complaints in 30 years!

Contact Us

Email : sales@chinatungsten.com

Tel : +86 592 5129696

Official website : www.ctia.com.cn
WeChat : Follow "China Tungsten Online™
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