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Tool Steels for the M.I.M Tooling System
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Selected Mechanical Properties of PIM Metals and Alloys (HT=heat treated)

Material Composition,wt.% Density Yield UTS Elonga- Hardness LR
% Strength Mpa tion% IREE
Rp0.2
1020 steel Fe-0.2C 96 185 380 23 -
4140 Fe-1Cr-0.4C 97 390 580 15 18 HRC .
4140 (HT) Fe-1Cr-0.4C 93 1240 1380 2 40 HRC Eg%ﬁgg%
4340 steel(HT) Fe-2Cr-1Ni-1Mn-0.4C 96 430 620 6 20 HRC
4640 steel (HT) Fe-2Ni-1Mo-0.4C 97 1400 2000 3 30 HRC
gold,18 ct. 75Au-12.5A¢g-12.5Cu 75 108 147 1 66 HRB
hastelloy Ni-28Mo-2Fe 97 350 800 40 30 HRC
inconel 718 (HT) Ni-19Cr-18Fe-5Nb- 100 1130 1330 14 -
3Mo-1Ti-0.4Al
invar Fe-36Ni 98 240 425 40 65 HRB
iron Fe 96 105 220 35 50 HRF
iron-copper steel Fe-2Cu-0.8C 95 700 10 92 HRB
iron-chromium steel Fe-1Cr-0.5C 94 600 10 90 HRB L T
iron-molybdenum Fe-5Mo 08 210 410 34 66 HRB | HURZGEIR
iron-nickel Fe-2Ni 96 190 345 30 55 HRB
iron-nickel Fe-8Ni 96 255 440 24 75 HRB
iron-nickel Fe-50Ni 96 170 420 20 50 HRB
iron-nickel steel Fe-2Ni-0.5C 94 215 450 20 75 HRB
iron-nickel steel (HT) Fe-2Ni-0.5C 94 1230 1230 1 45 HRC
iron-nickel steel Fe-2Ni-0.9C 96 450 650 9 90 HRB
iron-nickel steel (HT) Fe-7Ni-0.5C 95 1420 1460 1 46 HRC
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Selected Mechanical Properties of PIM Metals and Alloys (HT=heat treated)

Material Composition,wt.% Density Yield UTS Elonga- Hardness T EL I3
% Strength Mpa tion% TREE
Rp0.2
iron-phosphorus Fe-0.6P 9 260 280 2 80 HRB
iron-sillcon Fe-3Si 99 345 520 25 85 HRB JEFEEFE
iron-sillion Fe-6.55i 9 375 0 37 HRC
kovar or F15 Fe-29Ni-17Co 98 350 520 42 60 HRB
nickel-iron Ni-20Fe 91 470 31 53 HRB
niobium superalloy Nb-10W-10Ta 98 315 440 25 20 HRC
stainless 17-4 PH Fe-16Cr-4Ni-4Cu 96 750 900 10 25 HRC
stainless 17-4 PH (HT) Fe-16Cr-4Ni-4Cu 96 965 1140 12 35 HRC
stainless 304L Fe-18Cr-8Ni 97 240 480 35 85 HRB TR
stainless 316L Fe-17Cr-12Ni-2Mo-2Mn 96 220 510 45 75 HRB ﬁ%}%{b
stainless 316L duplex Fe-21Cr-9Ni-3Mo-2Mn 95 230 540 43 80 HRB
stainless 410L (HT) Fe-11Cr-0.5C 95 410 650 5 20 HRC
stainless 420 (HT) Fe-13Cr-1Mn-1Si 92 690 1440 6 47 HRC
stainless 430 Fe-17Cr-1Mn-1Si-1Ni 93 230 390 25 68 HRB
stainless 440C (HT) Fe-17Cr-1Ni-1C 96 410 620 2 43 HRC
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Selected Mechanical Properties of PIM Metals and Alloys (HT=heat treated)

Material Composition,wt.% Density Yield UTS Elonga- Hardness TR EL 3
% Strength Mpa tion% LN
Rp0.2
stellite Co-28Cr-4W-3Ni-1C 99 - 1020 3 40 HRC
super invar Fe-32Ni-5Co 96 285 440 40 65 HRB
HhE R
titanium Ti 95 1100 1300 16 -
Ti-6-4 Ti-6Al-4V 98 800 880 12 35 HRC
tool steel Fe-6W-5Mo-4Cr-2V-1C 99 - 2000 0 66 HRC
tungsten heavy alloy W-8Mo-8Ni-2Fe 100 - 1115 20 -
tungsten heavy alloy W-5Ni-2Cu 98 900 1050 10 35 HRC [T B
tungsten heavy alloy ‘W-4Ni-1Fe 99 650 1000 20 50 HRA
tungsten heavy alloy W-5Ni-2Fe 100 660 930 30 25 HRC
udimt 700 4N/§11_§(T:i°'15cr'5M°' 100 910 1340 14 - HEE L
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Compressive strength Rp0.2% [MPa]

Compressive strength of tool steels in acc. to DIN 50106

Cylindrical sample with a Height/Diameter ratio of 1.5
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ca. 16 bis 17 % MC (V,W,Mo)
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~11 % M,C,(Cr) + ~ 1% MC(Nb)
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Fig. 5.1: Collection of MIM parts showing shape complexity
(Courtesy of BASF)
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Fig. 5.5: Gate location
(From 'Metal Powder Report’, November-1991)
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Fig. 5.6: Moulding external threads
(From 'Metal Powder Report', November 1991)
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MIMBIERT BHAFAE  BEAE  FREREEE e
<3mm +0.05mm 0.005-0.01lmm HRC:50~52 1.2344
3~0mm +0.06mm 0.005-0.01mm HRC:50~52 1.2344
6~15mm +0.07/5mm  0.008-0.01mm HRC:48~52 1.2344
15~30mm +0.15mm 0.008-0.01mm HRC:48~52 1.2344
30~60mm +0.25mm 0.008-0.02mm HRC:48~52 1.2344
>60mm iZOESZ;Ej“ 0.01-0.02mm  HRC:44~46 1.2344
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Fig. 8.7 Moldflow® simulation of mould filling with critical position of

Fig. 5.8: Optimized geometry with improved mould filling and
weld line ( Courtesy of IFAM) g P geomeiry p 9

uncritical position of weld line (Courtesy of IFAM)
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contact area are written as A and Ay respectively, so the RCA is given as:
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Figure 5.  Contact seam between two metallic parts under pressure.




e
Bz (B 8 o FUR 53 e 20 v i)

Casestudy A 8 ¢ & > = T HAERBIFFFL

s e BO hler ARHRC) #HBRRA L 4 4
K-390 60-62 ] ,
~ ' K 2 7 M
Aozt K-490 56-58 ZN%OmeOO ; nﬁ)‘; 7 ;:;— ,
K-890 54-56 3 ST
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b= s
B Buderus 50-52 1800N/mm2  ©

2344 1SO-B BORF SRR




e
Bz (B 8 o FUR 53 e 20 v i)

Case study B: -/ % %2, R oz L 2

R BO hler HAAEMHRC) #BRAE L -
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HE & 105088 4 18-20 i s o




e 4o 484 B G 3B

M.LM# * f58

% Ni, Ti, Al, Cu,Cr# 4
& 4456 &

7 Fe,Co,1 & 4k s,
34

-2 8 Y3

Kb F B AL DLC, (WC/C),CrN

e TiC, TiCN,
- 4 SIAION, TiAIN

FEE ]




Companson of coefﬂCIents of fnctlon and wear of dlfferent deposits A~ H&ﬁﬂ@@%@&i{ﬂ?%ﬁﬁ@ﬁﬁ@;ﬂ%bﬁﬁ

Deposit Process of Deposition o Coef Fnctuon '] Wear s mm“lN*mw9 Wear Resistance Indication
SES . mEm . EEE i B F
M2 Non-coated 62HBQ i 0.77 4250 1
DLC PACVD ‘ 0.12 179 2374
i-C g HFCVD ; 0.19 10 425 n
TiN-1 ~ PVD electron gun | 053 130 , 33
TiIN2 PVDE.CA. 0.69 130 33
~ TiN-3 PVD E.C.A. low temp. | 0.67 70 A 61
TiC-1 CVD 036 130 -
TiC-2 “PVD electron gun 035 | 142 | 30
VC Salt bath 0.72 - | -
Ti(C,N) PVD electron gun 046 70 j - 61
(Ti,Al) N-A PVD E.C.A. Ti/AI=83/17 0.54 | 555 7 EF
(Ti,Al) N-B_ PVD E.C.A. Ti/AI=75/25 | 0.68 824 52
(Ti,Al) N-C - PVD E.C.A TifAI=53/47 0.75 924 4.6
CrN Magnetron non-balance 039 | 393 10.8
CrxNy ‘Magnetron non-balance ~ 0.50 5 1410 , 3
Cr sol-sol Magnetron non-balance B 0.61 T 7 1060 | 4 -
Cr2n | Magnetron non-balance ofr 1490 29
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M.IM#s & 2 A HCE HAl2 E% & 28 0T 1 F 8 R

1. 7 B 4YV)6%~10%z2_ 1 Z 4% © ¥FF7 454k 2 kL% B4t 0 H &
HRC:54~62
Bohler:K-390,K-490,K-890

2. 7 CoW,Moz_ 1 & 4 $tHis|4F Br4e
Bohler:S-290,5-390,S-690 # & HRC:62~66

3 EHF R AZIAETFIMNEFIEL BiEnk
Bohler:W-360 Buderus:1.2344,1.2714
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