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APPENDICES



A P P E N D I X  A

The Knowledge of M aterials Properties



T a b l e  A - l  C ase-harden ing  that can  be used  universally .

AIS1 type German C(xie Material no.
P4 X 6 CrM o 4 1.2341

~ P 2  . 21 M nCr 5 1.2162

P6 15 NiCr 14 1.2735

~  P21 X 19 NiCrM o 4 1.2764

Source : S toekhert, K [9]

Table A-2 Common steel for maximum loading capacity

A1SI type German code Material no. Max. specific 
Surface pressure 
(N/rmrO

Working
hardness,
HRC

~T F 5 55 NiCr 10 1.2718 2000 56-58

L6 X 75 NiCrMo 5 3 3 1.2773 2800 60-62
D2 X 155 CrVMo 12 l 1.2379 3000 60-62
Source ะ S toekhert, K [9]

Table A-3 Quenched and tempered tool steels with a low sullur content

AIS1-SAE type German code Material no.
P20 40 CrM nM o 7 1.2311
GF2 54 NiCrM o V 6 1.2711
SAE 4150 47 CrM o4 1.2332
Source ะ Stoekhert, K [9]



T a b l e  A - 4  S teels w ith an increased  su lfu r con ten t

AlSI type German code Material no.
P20+S 40 CrM nM oS 8 6 1.2312
GF2+S. 54 NiCrMoS 6 1.2708
H13+S X 40 CrMoVS 5 1 1.2347
Source ะ S lockhcrl, K [9]

T a b le  A - 5 Fully hardening steels grades

A1S1 type German Code Material no.
- X 45 NiCrM o 4 1.2767
HI 1 X 38 CrM o V 5 1 1.2343
02 100 M nCrW  4 1.2510
D2 X 155 CrVM o 12 1 1.2379
D3 X 210 C r 12 1.2080
Source : Stockhert 1 K 19 ]



T a b l e  A - 6  S um m ary  o f  the m ost com m on ly  used m old steels

AIS1/SAE Germ an code M ate ria l D escrip tion

type no.
P4 X 6 CrMo 4 r.2341 Case-hardening steel for hobbed cavities

~ P 2 21 M nCr 5 1.2162 Case-hardening steel lor machined cavities

~ P 2 X 19 NiCrM o 4 1.2764 Case-hardening steel for machined cavities

- 14 CrMo V 6 9 1.7735 Nitriding steel, preferably for extruder barrels

- 34 CrAlM o 5 1.8507 Nitriding steel, preferably for extruder screws up to 70 in dia.

- 34 CrAINi 7 1.8550 Nitriding steel, preferably for extruder barrels up to 250 in dia.

- 31 CrM o V 9 1.8519
Nitriding steel, preferably for extruder screws

P20 40 CrM nM o 7 1.2311 Heart-treated steel for photoetched cavities

P20+S 40 CrM nM o ร 8 6 1.2312 Heart-treated steel w ith improved machining properties

H13+S X 40CrM o VS 5 1 1.2347 Heart-treated steel w ith improved machining properties at

Elevated working strength

- X 45 N iCrM o 7 1.2767 Through-hardening steel with high touglmess

HI 1 X 38 CrM o V 5 1 1.2343 Through-hardening steel with high retention to tempering for

Nitnding

01 100 MnCrW  4 1.2510 Meduum-alloyed mold steel with high close tolerance

D2 X 155 CrV M o 12 1 1.2379 Ledebuntic highly wear-resistant mold steel

D3 X 210 Cr 12 1.2080 Ledebuntic highly wear-resistant mold steel

420 X 42 C r 13 1.2083 Corosion-resistant mold steel for normal corrosion attack

- X 36 CrM o 17 1.2316 Corosion-resistant mold steel for high corrosion attack

18 MAR X 3 NiCoM oTi 18 9 5 1.2709 Maraging steel, low distortion, suitable for nitriding

300

PM steel Special steel with highest wear-resistance properties

Source : S toekhert, K. [9]



T a b l e  A - 7  C hem ical p roperties o f  m old Steel
63

Typical

AISI/SA Germai] code Material Chemical composition Hardness Tensie

E (HB)in strength

- condition (N/ttmO in

as supplied condition as

supplied

C Si Mu ร Cr Mo Ni V Co Tl

P4 X 6 CrMo 4 1.2341 0.07 3.8 0.5 max. 120 max.360

~P2 21 MaCr 5 1.2162 0.21 1.3 1.2 max.210 max.710

~P2 X 19 NiCrMo 4 1.2764 0.19 1.3 0.2 4.1 max.250 max.850

' 14 CrMo V 6 9 1.7735 0.15 1.0 1.4 0.9 0.3

A l

280-325 950-11๓

- 34 C rAIM o 5 1.8507 0.34 0.7 1.2 0.2 1.0 240-300 8 ๓ -1 0 ๓

A l

- 34 C rA IN i 7 1.8550 0.34 0.5 1.7 0.2 1.0 1.0 240-3๓ 8 ๓ -1 0 ๓

- 31 CrMo V 9 1.8519 0.31 0.6 2.4 0.2 0.2 265-325 9 ๓ -1 0 ๓

P20 40 CrMuMo 7 1.2311 0.40 1.5 1.9 0.2 265-325 9 ๓ -1 0 ๓

P20+S 40 CrMuMo ร 8 6 1.2312 0.40 1.5 0.1 2.0 0.2 265-325 9 ๓ -1 1 ๓

H13+S X 40CrMo VS 5 1 1.2347 0.40 1.0 0.1 5.2 1.3 1.0 360-420 1200-14๓

- X 45 N iCrM o 7 1.2767 0.45 1.4 0.3 4.0 max. 250 max. 850

H I 1 X 38 CrMo V 5 1 1.2343 0.38 1.0 5.3 1.3 0.4 max. 240 max. 810

01 100 MnCrW  4 1.2510 0.90 2.0 0.3 0.1 max. 220 max. 740

D2 X 155 CrVM o 12 1 1.2379 1.55 12.0 0.7 1.0 max. 250 max. 850

D3 X 210C r 12 1.2080 2.00 12.0 max. 250 max. 850

420 X 4 2 C r 13 1.2083 0.40 13.0 max. 230 max. 780

- X 36 CrMo 17 1.2316 0.36 16.5 1.2 max. 230 max. 780

18 MAR X 3 NiCoMoTi 18 9 1.2709< 0.03 0.5 18.0 9.0 1.0 max. 320 max. 1080

300 5

PM Steel 0.06 3.0 3.0 Cu Fe Tic max.4 ๓ max. 1355

.5 33.0 1

Source : S toekhert, K [9]



Fable A-8 C-'nsc-hiirdcniny. sleds

AISI 
type

German
Code

Mai. No. Carbuizing

(°C)

lnicr-
mediaic
annealing

(°C)

Hardening

(°C)

เท Surface
hardness
alter
quenching
approx,
HRC

Tempering

(°C )
Case-hardening sleds

IM X 6 CrMo 4 1.2341 870-900 620-650 870-900 oil or hoi bath 62 °c 100 200 300 400
180-22 0 °c HRC 62 60 57 54

~  P2 21 MnCr 5 1.2162 870-900 620-650 810-840 oil or hoi bath 62 °c 100 200 300 400
180-220 ๐c HRC 62 60 57 54

~ I’2I X 19 NiCrMo 4 1.2764 860-890 600-630 780-810 oil or hoi baili 62 ๐c 100 200 300 400
180-220 °C After oil queueing 62 61 59 56

800-830 Air 56 After air quenching 56 55 53 51

Source : Stoekhert , K. [9]



T a b l e  A - 9  รน m m ary

A 1 S / S A L

ty p e

G e r m a n

c o d e

M a t.

N o .

H a r d e n i n g

( ° c  )

In H a r d n e s s

a f t e r

q u e n c h i n g

a p p r o x .

H R C

T e m p e r i n g

° c

H e a t - t r e a t e d  s t e e l s

P20 40 C rM nM o 7 1 .2 3  11 8 4 0 - 8 7 0 O il  o r  h o t  bath 51 ° c  400 500 600 700

180-220 ° c H R C  4 6  4 2  3 6  2 8

P 2 0 - S 4 0  C r M n M o S  8 6 1 . 2 3 1 2 8 4 0 - 8 7 0 O il  o r  h o t  bath 51 ° c  400 500 600 700

1 8 0 - 2 2 0  ๐ c H R C  4 6  4 2  3 6  2 8  .

X  4 0  C r M o V S  5 1 1 . 2 3 4 7 1 0 2 0 - 1 0 5 0 A ir  , O i l  o r  h o t  bath 5 5 ๐c  400 500 600 700

H I 3 + S 500-550 ° c H R C  5 5  5 0  5 0  3 2

F u l l - h a r d e n in g  s t e e l s

- X  4 5  N i C r M o  4 1 . 2 7 6 7 8 4 0 - 8 7 0 A i r , O i l  o r  h o t  bath 5 6 ° c  100 200 300 400 500

1 8 0 - 2 2 0  ๐c H R C  5 6  5 4  51 4 8  4 2

H 11 X  3 8  C r M o V  5 1 1 .2 3 4 3 1 0 0 0 - 1 0 5 0 A i r  , O i l  o r  h o t  bath 5 5 ° c  400 450 500 550 600 650 700

500-550 ° c H R C  5 5  5 5  5 5 , 5  5 5  5 0  4 0  3 2

0 1 1 0 0  M n C r W  4 1.2510 7 9 0 - 8 2 0 O i l  o r  h o t  bath 6 4 ° c  100 200 300 400 500

1 8 0 - 2 2 0  ° c H R C  6 4  61 5 6  5 0  4 5



F a b l e  A - 9  ( C o n f )  Sum m ary

D 2 X  155  C r V M o  12 1 1.2379 1000-1030 O il  , A i r  o r  h o t  bath 63 ๐c 100 200 300 400 500 525 550 600

500-550 ° c H R C 64 61 58 58 59 60 58 50

S p e c i a l  h e a t  t r e a tm e n t 1040-1070 O i l , A i r  o r  h o t  bath 61 ๐c 100 200 300 400 500 525 550 600

500-550 ° c H R C 61 6 0 5 8 59 62 62 58 51

D 3 X  2 1 0  C r  12 1.2080 940-970 O il  1 A i r  o r  h o t  bath 64 ° c 100 200 300 400

500-550 ° c H R C 63 62 6 0 58

Corrosion-resistant

steels

4 2 0 X  4 2  C r  13 1.2083 1020-1050 O il  o r  h o t  bath 58 ° c 100 200 300 400 500 525 550 600

180-220 ๐c H R C 58 5 7 5 4 53 53 54 52 39

- X  3 6  C r M o  17 1.2316 1020-1050 O il  o r  h o t  bath 50 ๐c 100 200 300 400 500 525 550 600

1 8 0 - 2 2 0  ° c H R C 50 47 46 46 47 47 42 32

P M  s te e l 960-980 O il  o r  h o t  bath 70 ๐c 100 200 300 400

C/1 o ๐ o H R C 70 6 9 6 8 62

S o u r c e  : S t o e k h e r t , K  [9]

a



T a b l e  A - 1 0  C om m on M ethods o f  su rface  trea tm ent.

M e t h o d T r e a t m e n t  t e m p .

( °c)
R e q u ir e d  p r o p e r t i e s  o f  th e  t o o l  s t e e l s T h i c k n e s s  o f  l a y e r S u r f a c e  h a r d n e s s  ( H V )

C a r b u r iz in g 9 0 0 - 1 0 0 0 L o w  c c o n ta n t ,  i n s e n s i t i v i t y  to  

o v e r h e a t i n g

U p  to  2 m m m a x .  9 0 0

O x i d i z i n g

1
3 0 0 - 5 5 0 R e t e n t i o n  o f  t e m p e r i n g ,  d e g r e a s e d  

s u r f a c e

U p  to  0 .0 1  m m -

N i t r id in g 4 7 0 - 5 7 0 G o o d  t e m p e r i n g  p r o p e r t i e s  

h a r d e n  re sp .  t e m p e r e d  c o n d i t i o n  

( d e p a s s i v a t e d  s u r f a c e )

บ  p to  1 m m m a x .  1 2 0 0

B o r o n i z i n g 8 0 0 - 1 0 5 0 I n s e n s i t i v i t y  to  o v e r h e a t i n g ,  

S i - c o n t e n t  a s  l o w  as  p o s s i b l e

U p  to  0 . 4  m m . m a x .  2 0 0 0

T I C  o r  T i N  c o a t i n g s >  9 0 0 I n s e n s i t i v i t y  to o v e r h e a t i n g ,  m e t a l i c  

b r ig h t  s u r f a c e

6 - 9  JLXm m a x .  4 8 0 0

S p a r k  d e p o s i t i o n P r o b a b ly  s e v e r a l  

th o u s a n d

N o n e U p  to 0.1  m m a p p r o x .  9 5 0

H a rd  c h r o m i u m  p la t in g  

a n d  n ic k e l  p la t in g

5 0 - 7 0 C r  c o n t e n t  a s  l o w  a s  p o s s i b l e  , 

d e p a s s i v a t e d  s u r f a c e

U p  to  1 m m 1 0 0 0 - 1 2 0 0

S o u r c e  : S t o e k h e r t , K  [9]



Til hie A-l I Summary
Coeffic ient o f  t h e r m a l  expansion

1 0  เท

Thermal Conductivity  

J
111 X ๐c: c m  X  ร X  ๐ C'

S t e e l  g r a d e  , 

A  IS I ty p e

G e r m a n  c o d e M a t  N o . 2 0 - 1 0 0 2 0 - 2 0 0 2 0 - 3 0 0 2 0 - 4 0 0  °c: 2 0 3 5 0 7 0 0  ° c

P4 X 6  C r M o  4 1 .2 3 4 1 1 2 .0 12.3 12 .7 13 .2 0 . 3 9 2 0 . 3 6 5 0 . 3 3 5

— 1*2 21 M il Or 5 1 .2 1 6 2 12.2 12 .9 13.5 1 3 .9 0 . 3 9 5 0 . 3 6 5 0 , 3 3 5

~ P 2 1 X  19 N i C r M o  4 1 . 2 7 6 4 1 0 .4 1 1 .4 1 2 .2 1 2 .7 0 . 3 3 5 0 . 3 2 2 0 . 3 2 0

- 14 C r M o V  6  9 1 .7 7 3 5 1 1.2 1 1 .8 12 .5 1 3 .0 0 .3 7 1 0 . 3 6 5 0 . 3 4 2

- 3 1 C r M o V  9 1 . 8 5 1 9 1 1 .8 1 2 .5 1 2 .9 1 3 .4 0 . 3 6 4 0 . 3 3 7 0 . 3 1 7

P 2 0 4 0  C r M n M u  7 1 .23  1 1 11.1 1 2 .9 13 .4 1 3 .8 0 . 3 5 7 0 . 3 3 4 0 . 3 2 0

P 2 0 - S 4 0  C r M n M o s  8 6 1 .2 3 1 2 11.1 1 2 .9 1 3 .4 1 3 .8 0 . 3 7 5 0 . 3 3 4 0 . 3 2 0

H 1 2 - ร X  4 0  C r M o V S  51 1 . 2 3 4 7 10.1 10 .3 1 0 .6 1 1.2 0 . 2 4 5 0 . 2 7 2 0 . 2 9 2

- X  4 5  N i C r M o  4 1 .2 7 6 7 12 .3 13.1 1 3 .3 1 3 .8 0 . 2 8 8 0 . 2 9 8 0 . 3 0 5

H 11 X 3 8  C r M o V  5 1 1 .2 3 4 3 1 0 .0 10 .2 1 0 .5 11.1 ก .2 5 3 0 . 2 7 2 0 . 3 0 5

0 2 9 0  M n C r V  8 1 .2 8 4 2 1 0 .4 12 .2 1 3 .0 1 3 .6 0 . 3 4 2 0 . 3 3 0 0 . 3 1 8

โ.)2 X 155  C r V M o  12 1 1 .2 3 7 9 1 0 .5 11.5 1 1.9 12 .2 0 . 1 6 7 0 . 2 0 5 0 . 2 4 2

1)3 X 2 1 0  Cr 12 1 .2 0 8 0 1 0 .4 11 .6 1 2 .4 12 .6 0 . 1 6 7 0 . 2 0 S 0 . 2 4 5

4 2 0 X 4 2  C r  13 1 .2 0 8 3 10 .5 11 .0 1 1.0 1 1.5 0 . 2 0 0 0 . 2 3 0 0 . 2 6 2

- X 3() C r M o  1 7 1 .23  16 10 .5 1 1 .0 1 1.0 1 2 .0 ก. 1 7 2 0 . 2 1 0 0 . 2 4 7

IS M A R X 3 N iC 'o M o T i  18 9 5 1 2 . 7 0 9 1 0 .2 1 0 .2 10 .5 1 0 .9 0 . 0 4 8 0 . 0 5 7 0 . 0 7 6

P M  s te e l 3 0 0 1 0 .0 1 0 .2 10 .5 1 0 .9 0 . 0 4 8 0 . 0 5 7 0 . 0 7 6

S o u r c e  : S t o e k h e r t , K [9]
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T a b l e  A - I 2  T e c h n ic a l  d a t a  o f  b e r y l l iu m - c o p p e r  a l lo y s

D e s i g n a t i o n c  17 200 c  17 300 c  17 000 C 17510 c  17  500

C o m p o s i t i o n B e B e B e B e B e

- 1.80-2.00% , 1.80-2.00% , 1.60-1.79%, 0.20-0.60% , 0.40-0 .75% ,

C o / N i C o / N i C o / N i N i C o

0 . 2 %  m i l l . , 0 . 2 %  m in . , 0 .2 %  m in . , 1.40-2.20% 2.40-2.70% ,

C o / N i / F e C o / N i / F e C o / N i / F e C u  b a la n c e C u  b a l a n c e

0 . 6 %  m a x . , 0 . 6 %  m a x . , 0 .6 %  m a x . .

C u  b a l a n c e P b C u b a la n c e

0.20-0.60%

C u  b a l a n c e

D e n s i t y  K g /ทท1 8250 8415 8610 8775

T h e r m . c o n d u c t i v i t y

พ  /  (m.K) 130 130 260 260

T h e r m . e x p a n s i o n

K f 6 K 1 17.5 17.5 17.6 18

S p e c i f i c  h ea t  c a p a c i t y

J/ (kg.K) 420 420 420 420

E le c t r i c  r e s i s t iv i ty

10  s £ X m 7 .7 7 .7 3.8 3.8

M o d u l u s  e l a s t i c i t y  G P a 131 128 138 138

T e n s i l e  s tr e n g th  [ M p a ] I 4 1 5 - 5 8 5 I 415-585 I 240-380

11 620-895 II  620-895 I I  450-550

111 1140-1310 I I I  1035-1310 I I I  690-830

IV  1275-1480 IV  1170-1450 IV  760-900

Y i e l d  s tr e n g th  [ M P a ] I 140-415 I 140-205 I 140-310

II 515-725 II 515-725 11 340-515

I I I  1000-1200 I I I  860-1070 II I  550-690

IV  1140-1380 IV  930-1140 IV  690-830
]__
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T a b l e  A - 1 2  ( C o n n  T e c h n ic a l  d a ta  o f  b e r y l l iu m -c o p p e r  a l lo y s

Elongation 1%1 I 35-60
II 10-20
III 1000-1200
IV 1140-1380

I 35-60
II 10-20
III 4-10
IV 2-5

I 20-35
II 10-15
III 10-25
IV 10-20

Rockwell hardness I B45-80 I B45-85 I B25-50
II B88-103 II B91-103 II B60-75
III C36-41 III C32-39 III B92-100
IV C39-44 IV C35-41 IV B95-102

Notes ะ I : Solution heart treated
II : Cold drawn
III : Solution heat treated and age hardened
IV : Cold drawn and age hardened 

Source : Menges, G , M ohren, p. [7]

Table A-13 Aluminum Alloys for injection molds

A.A. No. 7075-T6 7029-T6
Composition Al, Zn, Mg, Cu, Cr Al, Zn, Mg, Cu
Treatment Solution treated Solution treated.

Artificially aged Artificially aged
Density kg / dm3 2.80 2.74
Coefficient o f  thermal expansion 2.33 X  10^ 24.7 X 10'6
Thermal conductivity พ  / (kg.m) 140 126
Ultimate tensile strength MPa 572 537
Yield strength MPa 503 469
Brinell hardness BHN 150 125
Source : Menges, G , Mohren, P. 171



T a b l e  A - 1 4  S teels for in jection  M olds

Steel A1S1 Application
P20 Suitable for all types and sizes o f  machine-cut molds. Usually used in 

tire prehardened condition Rockwell “C” 32 to 35. This should be 
carburized and hardened for low viscosity or glass filled plastics and for 
usage in excess o f  100,000 pcs per cavity

H13 Used for large and small molds when toughness and strength is required. 
Good dimensional stability during hardening. Hardens up to Rockwell 
“C” 52 but is tougher at “C” 48

A2 For small and medium size molds when higher hardness is required as 
for molding abrasive materials.

D2 For small molds when abrasion becomes a problem. Also for molds 
operating at temperatures up to 750 °F

Type 420 Stainless For small and large molds for molding corrosive resins, such as PVC 
and Delrin. Also used when rusting is problem because o f  “sweating” o f 
mold surface. Heat treat precautions: after hardening, double tem per at 
750 ° F  for highest toughness and best corrosion resistance. Hardness 
will be Rockwell “C” 48 to 52

SAE 4140 Usually used for holders and shoes. Can be used for molds where a high 
finish is not necessary. Usually used in the prehardened condition 
Rockwell “C” 28 to 32

M2 High Speed Steel Use if  operating temperatures are above 1000 ๐ F, but not higher than 
1150 °F , and the mold hardness must be higher than 60 Rc.

Source : DuBias, J.H. & Pribblc, พ . I, VAN NOSTRAND company 1978 . [16]



rab le  A-15 B eryllium  C opper A lloys P roperties and A pplications.

C o m p o s i t i o n B e r y l c o  C o p p e r  

A l l o y  

I ng ot

D e n s i t y  , 

L b  /  e u  in.

T h e r m a l  C o n d .  

B T U / s q  ท / ๒ . /  

h r / 0 F ( 6 8 ° F)

R o c k w e l l

Hardness ' '

P o u r i n g  

R a n g e ,  ° F

C h a r a c t e r i s t i c s

a n d

A p p l i c a t i o n s

B e  0 . 4 5 - 0 . 7 5 1 0C 0 . 3 1 1 1 4 0 0 - 1 6 0 0 B  4 0  ; 2 0 5 0 - 2 2 5 0 H i g h  t h e r m a l  an d e l e c t r i c a l  c o n d u c t i v i t y ,  g o o d  s t r e n g t h  an d

1 C o  2 . 3 5 - 2 . 7 0 B 9 6 g o o d  h i g h  t e m p e r a t u r e  p r o p e r t i e s .  Ideal  for  h i g h

t e m p e r a t u r e ,  l o w e r  p r e s s u r e s ,  an d m a x i m u m  c o o l i n g  or

h e a t i n g  p r o p e r t i e s .

B e  1 . 6 5 - 1 . 7 5 1 65 c 0 . 2 9 8 7 9 0 - 9 0 0 B 59; 1 9 0 0 - 2 0 5 0 H i g h  s t r e n g t h  a n d  h a r d n e s s ,  w i t h  g o o d  r e s i s t a n c e  to

C o  0 . 2 0 - 0 . 3 0 c 38 c o r r o s i o n .  R e c o m m e n d e d  lor  sai l  w a t e r  i m m e r s e d

a p p l i c a t i o n s .

B e  1 . 9 0 - 2 . 1 5 2 0 C 0 . 2 9 2 6 5 0 - 8 0 0 B 63 1 8 5 0 - 2 0 5 0 H i g h  s t r e n g t h ,  h a r d n e s s  an d e x c e l l e n t  f lu id i ty .  Ideal  for

C o  0 . 3 5 - 0 . 6 5 c  43 i n v e s t m e n t ,  s a n d  a n d  c e r a m i c  c a s t i n g s .  G o o d  t h e rm a l

Si  0 . 2 0 - 0 . 3 5 p r o p e r t i e s  ( 2 - 3  t i m e s  s t e e l )

B e  2 . 2 5 - 2 . 4 5 2 4 5 C 0 . 2 9 2 6 0 0 - 7 5 0 B 75; 1 8 5 0 - 2 0 0 0 H i g h  s t r e n g t h ,  h a r d n e s s  a n d  w e a r  r e s i s t a n c e  w i t h  g o o d

C o  0 . 3 5 - 0 . 6 5 c 45 t h e r m a l  c o n d u c t i v i t y .  A p p l i c a b l e  t o  p r e s s u r e  c a s t i n g ,  s a n d

Si  0 . 2 0 - 0 . 3 5 a n d  c e r a m i c  c a s t i n g s ,  v e r y  h i g h  f lu id i ty .

l i e  2 . 5 0 - 2 . 7 5 2 7 5 C 0 . 2 9 2 6 0 0 - 7 5 0 B  85; 1 8 5 0 - 1 9 7 5 V e r y  h i g h  c a s t a b i l i t y ,  o r  f lu id i t y ,  h a r d n e s s  a n d  w e a r

C o  0 . 3 5 - 0 . 6 5 c  46 r e s i s t a n c e  w i t h  g o o d  t h e r m a l  c o n d u c t i v i t y .  F o r  p r e s s u r e  c a s t

Si  0 . 2 0 - 0 . 3 5 ■ m o l d s ,  s a n d  a n d  c e r a m i c  c a s t i n g .

■' V a l u e s  for s o l u t i o n  h ea t  t rea te d  b e f o r e  s e m i c o l o n ;  s o l u t i o n  h e a t  t r ea te d  a n d  a g e d  al ter .  

. Source  : D u B i a s ,  J.l-I. &  P ri bb le .  พ . I, V A N  N O S T R A N D  c o m p a n y  1 9 7 8  . [ l b ]
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T a b l e  A - 1 6  T h rough-harden ing  steels

Abbreviation Materials No. Strength N /m nf or Remark
Hardness Rockwell c

X38CrMoV5 1 1.2343 1450 standard hot work steel
X45NiCrMo4 1.2767 50-54 Very good polishability, high toughness
90MnCrV8 1.2842 56-62 Normal w ear resistance
X155CrVm0121 1.2379 58 Good w ear resistance, good toughness
X210 C rl2 1.2080 60-62 High w ear resistance
X165CrMoV12 1.2601 63 Highly w ear resistance Steel
Source : Menges, G , M ohrcn, p. 17]

Table A-17 Through-hardening steels

Abbreviation Materials No. Strength N/mm: or Remark
Hardness Rockwell c

X42CH3 1.2083 54-56 Corrosion-resistance only when polished
X 36CrM ol7 1.2316 50 M achining after heat treatment, high

corrosion resistance
X105CrM ol7 1.4125 57-60 Rust-and acid-resistance, wear-resistance



A p p e n d i x  B

Example of Interview Test Question

1. What 'ร type of steel used to make injection mold for PVC pipe?
Answer.....................  true........ .'false

2. Please tell me the type of steel or some steel grade used to make injection mold. 
Answer.....................  true......... false........

3. What information do AISI -SAE, German code, Materials No. provide ? 
Answer.....................  true......... false

4. Please tell me how can we increase hardness of steel ?
Answer..................... true......... false

5. What is the benefit of high thermal conductivity materials in mold making? 
Answer.....................  true......... false

6. What is RC, V unit in metal table ?
Answer. true false
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A p p e n d i x  c

Table C-1 Physical Properties of HPDE
Physical Properties

Specific gravity (g/cm3) 0.96
Thermal conductivity (Btu / ft2/ hr/(°F/ ft) 0.19

Coefficient of thermal expansion (in/in/°Fx10’3) 7

Specific heat (Btu/lb/°F) 0.54

Water absorption (24 hr) 1 (%) 0.02

Flammability Burns

Mechanical Properties
Tensile strength (1000 Psi) 3.5-5.0

Compressive strength (1000 Psi) -

Flexural strength (1000 Psi) ~

Impact strength (ft-lb/in) 8-10

Modules of elasticity in tension (10s Psi) 0.9-1.2

Hardness-Rockwell R30-56

Elongation (%) 100-400

Source : Mo Zhen [4]
Table C-2 Chemical Properties of HDPE

Polymer Melt Temp. 
(๐C)

Specific
Heat

(Kj/Kg/OC)

Latent heat 
(Kj/Kg)

Crystallity
(%)

Heat
Required
(Kj/Kg)

LDPE 190-220 2.30 150 50 489
HDPE 210-240 2.30 209 80 627

Source : Mo Zhen [4]
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