SICHUAN SHENGONG
CARBIDE KNIVES CO.LTD

m9)l1# T2 ABRAT

What is [ @ E & &?
H2 Bl EE

*Sichuan Shen Gong carbide knives Co. Ltd. All rights reserved



CEMENTED CARBIDES?... l@fi&4?
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=What do we know about them?



Agenda:
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What is a cemented carbide?
el i &4 ?

Why do we use cemented carbide in PM?
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What advancements have been made for PM tooling
applications in:
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-carbide processing and manufacturing?
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-carbide failure analysis
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What is Cemented Carbide?

o R i 4 ?
Definition:
& X :
Cemented Carbide is a composite material of a
soft binder metal usually either Cobalt (Co) or
Nickel (Ni) or Iron (Fe) or a mixture thereof and
hard carbides like WC (Tungsten Carbide), Mo2C
(Molybdenum Carbide), TaC (Tantalum Carbide),
Cr3C2 (Chromium Carbide), VC (Vanadium
Carbide), TiC (Titanium Carbide), etc. or their
mixes.
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Nano 44K ki <0.2
Ultrafine #EHWCHE 0.2-0.5
Submicron Wk 0.5-0.8
Fine &K% 0.8-1.3
Medium 7 1.3-2.5
Coarse ¥ ki 2.5-6.0
Extracoarse #2¥H ki >6.0
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Carbides: Selected Mechanical Properties

Carhide Vickers (HV) Hardness @ Various Fockwell Hardness Ultimate Compressive Transverse Modulus of
Formula Temperatures, °C (°F) @ Room Strength, Rupture Strength, Elasticity,
Temperature, MPa (ksi) MPa (ksi) L GPa(l0%ksi) |
20°C (78 °F) 730°C (1350 °F) HRa

TiC* 2930 640 93 1330-3900 (193-522) 280-400 (40.6-38.0) 370 (52.9)
HIC* 2860 : 84 :
VC* 2800 250 53 620 (89.9) 70 (10.1) 360 (51.4)
Nb(C 2400 350 83 1400 (203) < 270 (38.5)
TaC* 1570 800 §2 - - 470 (68,2)
Crt['..* - 5 81 100 (14.5) 170-380 ((24.7-35.1) 280 (40.0)
Mo.C™ i = 74 2700 (392) 50(7.3) 375 (53.6)
W(C* 2400 2580 81 2700-3600 (392-521) 530-560 (76.9-81.2) 665 (95)

*NOTE: TiC-Titanium Carbide; HfC-Hafnium Carbide; VC-Vanadium Carbide; NDC-Niobium Carbide;
TaC-Tantalum Carbide: (.‘1‘1(.‘, - Chromium Carbide; Mo,C - Molyvbhdenum Carbide; “r'TC-Tungiteu Carbide.




Why Do We Need and Use Cemented Carbide?
N ABRNFEF EEHER G

.. because of its unique combination of superior physical and mechanical
properties including:
BIYESG & BRI BRI R FES & AT
-Wear Resistance: Cemented carbide can outlast high-speed steel grades by a factor up to
100 to 1
BN TR T RED, BB B EREERLNGH T Al LR H100£F.
-Deflection Resistance: Cemented Carbide has a Modulus of Elasticity three times
that of steel which translates into one third of deflection when compared to the steel
bars of the same geometry and loading
THIEE: BREEH = THHEMEEE, UMW EFFIGE T, [FFMEER G 2ENE
R BEHH =202 —
-Tensile Strength: Tensile Strength is varied from 1,100 to 2,100 MPa
PAAZESE: BN &0 11002/2100 MPa
-Compressive Strength: Compressive Strength is over 4,150 MPa
TERESE: B EEHIP/E#E R 4150 MPa
-High Temperature Wear Resistance: Good wear resistance up to 540 C.
Bl LU T HIMEEE: B8 & <2 A LITE R 4540 ° CHIEIR T HR7F Rl 1
...thus, Cemented Carbide is often the best material choice for particularly
tough applications providing the most cost-effective solution to a
challenging problem...
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Karl Schroter Patents

RIRHEZ LR

1925
« Comp/E#i]. — WC + 3 -10 Co, WC (4 —10 %C)
» Sinter245; - 1500 — 16000C
« AtmosphereE4555% — H,, N,, A, CH,, CO or Mixture
« Binder}4#57 — Co, Ni, Fe
1929
« Comp/Effil. 10 -20%
- CH, Carburized W Powder (Closer to 6.13%C) Just like Almond Chocolate!
- Sinter24; - < 1400°C with 10 — 20 % Binder AL AR T BTG T — R

1930 — with Hans Wolff — Krupp 3. B2 1H
» Manufacture of Complex Shapes
IR
* Press — presinter — machine - sinter
JE ] -FUR-HLIn -2 45
» With or without binders
BIMIASTIN REHEE

Patent Acquisitions&F| i i%:
* Krupp (Germany) 1925 — Widia

B (EE) 1925F ISR A4
* GE (United States) 1925 — Carboloy

EEEH 1925F- i SR &4
* Thomson-Houston (UK) 1925 — Ardoloy

WA (EE) 19254-Ardoloy &4




PROPERTIES OF SOME SELECTED

WC-Co CEMENTED CARBIDE GRADES
— BB R & SR AE

Composition Hardness Abrasion Transverse Ultimate Ultimate Modulus Thermal
|5 %052 & IRRE Resistance Rupture Compression | Tensile of Expansion
BB Strength Strength Strength | Elasticity | @750C-4000C
HERE WRPUERE | KIRHF | BEEE b9 41 QR

wt.% 1E] 1/vol.loss MPa MPa SR Ton/cm2 | Cal/(s*oC*cm)
cm? MPa

WC-6%Co 92.8 35-60 2310 5930 1100 6470 2.9
WC-9%Co 89.5 10-13 2930 4550 - 3120 2.7
WC-13%Co 88.2 4-8 3450 4140 - 5695 3.0

Other Materials (for comparison & consideration) H At — 4 Rl FIFH S PERE (5 Fxt L)

(Tr%jﬁg% (66?45RC) 2 3970 4140 _ 2390 6.5
Carbon Steel 79

(A%lé%gs) e 1 i i 2070 2110 ;
Cast Ironf% 4k - 2 725 - - 1055- 9.2

2110
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Room & Hot Hardness of WC-Co Cemented
Carbide vs. High Speed TooI Steel
ek

8 A E R W AE =R &R IR T R EEXT Eb

Hardness (HRc)
Properties @Various Working Temperatures

———f
H

12 FEAF TARRE T K% KEEE HRc

Materials @20°C @760°C @1093°C
1kl (78°F) (1400¢°F) (2000¢°F)
Cemented Carbide
D= 77-79 27-29 21-23
[WC+6%Co]
High Speed Steel
AlSIT4 Grade 63-65 17-19 N/A TG

AN AISI T4/8 =
[0.8%C+18%W+4%Cr+1%V+5%Co]
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Manufacturing Process of Cemented Carbides
J‘)jﬁéﬁm/_-‘jﬁzlg WC(Tungsten Carbld
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@ Raw Virgin Materials
(WC, Co, VC, Cr3C,, etc.)
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@ Weigh Each Raw Virgin Materials
According to Recipe Sheet
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Manufacturing Process of Cemented Carbides

ﬁ)ﬁ éﬁ B(J,:{FZ: JT Rotating direction of mill

—

EEHL EEAR_———p

@ Ball-Mill All Raw Virgin Materials HREEHL B
40-70 Hours -
Add Paraffin Wax &
. B )& AR
BR B 50 BURI40-70 N, HnA o
i
] Grinding medium
BEEE BRE

}}}}}

Ball-Milling Machines
BREEAL
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Manufacturing Process of Cemented Carbides

R AT

Ai

@ Agglomeration
Spray Dryer or Heat Batch
55 55 5 T 15k

® Grade Powder
(RTP, Ready to Press Powder)

RAEE (Rp il 5 Eb

LFP
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Manufacturing Process of Cemented Carbides

B & RE TR
= § NE

Ai

® Formingfi i Top Punch sk Cidii T‘
g [
| s ﬂ‘:|
S| | I -‘ ‘ ; o5 L |
[y ]

Bottom Punch Tk E

E- N

. ERS-EEE

Mechanical

Press
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Cold Isostatic Press Machine /445 Bl




Manufacturing Process of Cemented Carbides
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@ Sintering (+Dewaxing)
fegh CRLE Mg )

Cooling
Water

B Vacuum Slnterlng Furnace

Sinter-HIP Advantage:

BHIKH

Water
IN
i ‘/"‘ﬂﬂ(iﬁm
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Cooling —F—u )
G055 LGS S ! Carbon

Water
Cooled
+ Electrode

TKYA HL K

Graphite
N Ve Heater
A 5 Nk

Insulation

28R Bl
Products 7= /i

Sinter-HIP processing combines both Sintering and HIP into ONE single
processing operation at the last consolldatlon stage while the whole operation is

performed in one furnace.
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R AN IF 21— N AT
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Sinter-HIP Furnace

TR fegd
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What is Vacuum? {14 2EZE?

An approximation to such vacuum is a region with a gaseous pressure

much less than atmospheric pressure.

Physicists often discuss ideal test results that would occur in a perfect vacuum,
which they sometimes simply call "vacuum" or free space,

and use the term partial vacuum to refer to an actual imperfect vacuum

as one might have in a laboratory or in space.

In engineering and applied physics on the other hand,

vacuum refers to any space in which

the pressure is lower than atmospheric pressure.

LT XN ES, £ MRS MEZE), B35 X8,
PIEL A AT PP S TE LA H RS T H B BEAR I 45 2R,

AT TAT B ] B S “ 5 Ha” ROy “H” B “H AT
RIRH BRI B RN SEIRE DL RS0 S BRI AN e 4 5 S
F—JiHL AR RSO F

FA 1R B B2 R A RS R SRR 25 A .




What is Vacuum? 114 =&

Pressure Unit Pascal (Pa)
L F L r L4 F
102 10™ 10" 10° 10® 107 10® 10° 10® 10° 107 100 1 100 10® 108 10" 10°
| | | | | | | | | | | | | |
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Housing
2) Rotar
3] Vane
4] Inlet/Outlat

5] Working chambar
6] OCutlet valve
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600 m

How big is 6.0 Mega Pascal?

N Y R —..

I (6.0MPa)ke 4t 1
60kg

301

22



“Cobalt-Lake” defects that can be found in

the process of routine Vacuum Slnterlng
FERE 7 e gt 2 H B B Bl L R '

During routine sintering of WC-Co
cemented carbides, Cobalt (Co) or
Co-based liquid eutectic substances
frequently generate a defect of the
structure known as a “Cobalt Pool”

or “Cobalt Lake”. It is a condition
where Co is squeezed into a macrovoid
that might occur within the

material at the liquid stage of the
sintering operation.

ERULE-EER G eREEET, HREHN
BELRARLEF BRI RES .

X BRFE RTE RS RN BRI, B
FEEFHENE AL G RED SR,

“Cobalt Lake” defects&hiihi g
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“Cobalt Lake” Defects and Techniques
to Eliminate Them:

TR R R R T 5

* Once a “Co-Lake” defect occurs, it is very difficult to get any amount of
WC particles into the affected areas.

— B oREE B, B RORAR IR M B Bl 2 A R ) [X 3

 Sinter-HIP techniques have been developed and applied to achieve better
homogeneity of the cemented carbide structure, thereby improving
mechanical properties.

MERELARCE KRN, FHHNHBIRSE HENNHARBERGEARPRK.
AR & SRV RE -

* Both processes are performed in special pressure-tight vessels through

the simultaneous application of heat and pressure for a pre-determined time.
FE—BRS E I I TR B B
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Potential for Defects from Sintering
GELIT BT e RIS e crpmages

Due to the fact, that Sintering

process is performed at the solid phase
diffusion temperature, there

is a risk of intensive grain growth

Of WC- particles within the sintered
body that could affect the

mechanical properties of the final
product.
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Diversified QC &Test Equipment
(Powder Characteristics)
B Ph S B R B Sl v CRyoRpi)

Powder Distribution Device ¥} 7 ki B 43 FifX

Water Contents Tester 7K 43X

Slurry Viscosity Tester & & 46l Powder Flow Tester ¥ A 7 2 MRS

Bulk Density Tester #4355 2% 5 4 il
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Diversified QC &Test Equipment
(Sintered Physical Characteristics)

AP SRR R B LA 5 E (REBHRMERE)

Magnetic Saturation Device Metallurgical Vickers Transverse
T AR IS 2% Microscope 4 &/ Hardness Rupture
Testerd [Af 1 Strength

= !/ Tester 125 5 B A

Rockwell
Hardness

Tester 7% FCH FE




Typical Defects and Failures of Cemented
Carbide Products / Applications
BB 5 5 <5 e 2B 7 o SR FR R R/ R

By its origin, most frequently encountered defects/failures of cemented

carbide products can be divided into 4 main groups:

BRI, K55 5 IR & il LT HI M F FT LU 2y 4 K3

* Processing defects ( Eta-Phase occurrence, large grain cluster formations,
powder shaping cracks);

FRELGREEG (ETAFRHHEL, KRBUNEEERL, R EHIRLO

 Fabrication defects (braze cracks, thermal cracks);

N LaRPE REREL RRL0

 Environmental failures from corrosion, erosion, etc.;

WEES (&, RMsEESE

* Mechanical failures caused by brittle fracturing, wear, fatigue, etc.

PSR BlanfetientE, B, BRI5THRRE.



Observed Processing Defects that can occur in

Cemented Carbide 75 & B 7] DLW £ 3 1) it B B G
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POROSITY (@ 500x CARBON (g 500x BURNOUT i@ 100x POOLING @ 1500X
FLIF 5002750k BTk 500fZ 50K g 1004275k Ak, 15004% 0k
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Possible Defect seen in Carbide Processing

PR BB R Fe
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Eta-Phase in Cemented Carbide Materials

fi o & < HLHUETAAH



Possible Processing Defects seen in
Carbide Products Chipping

M ST RV LI A T SR G0

' .ll
s o S

AN St
Lgearbide grns cluster formation Chiping crack resulting from green
S IRACES R URL B TE A carbide shaping operation
T il 1 A% o 3 B & AR T
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Fabrication Defects 11 T4

EDM Crack £ V)&% 4L Brazing Crack 1223440

L o = T e
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Environmental Corrosion & Pitting Defects

BB A YT SR

Observable Pitting Corrosive attack on binder material

F AL F R TUTRE R R Th
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Environmental Failures SR EE#

Electrolytic Attack”
R o 52

e

.{‘.h-.' i ‘rﬂ_.' - X - 15

The selective dissolution (“Ieahig”) *Test conducted in wire EDM tank for 100 hours.
of the binder from the cemented A4 AE 26 ) E i H i E 100 /N st
carbide microstructure

MV 5 & < AT RS AR GRATD




