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Pre-mixed Partially Alloyed Steel Powder for Warm Compaction "KIP Clean Mix HW

Series"
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Synopsis :

Kawasaki Steel has developed Japan's first iron powder pre-mix "Clean Mix HW Series"
specially designed for warm compaction by incorporating "KW-wax", a lubricant with
high performance during warm compaction process. KW-wax realized the powder
characteristics—flow rate and apparent density—stable in the wide temperature range
from room temperature to 423K. Because of this stability, HW Series does not require
the rigid control of the powder temperature in the compacting process of mass
production. It was also found by the study about compacting process that KW-wax
promoted particles rearrangement during compaction and gave green density higher
than 7.3Mg/m3, having pore structures homogeneous in size and shape. The
homogeneous structure of green compacts resulted in the improvement of mechanical

strength of sintered and heat-treated compacts.
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Pre-mixed Partially Alloyed Steel Powder for Warm Compaction

“KIP Clean Mix HW Series”
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Kawasaki Steel has developed Japan's first iron powder pre-mix “Clean Mix HW Series” specially designed for warm
compaction by incorperating “KW-wax”, a lubricant with high performance during warm compaction process. KW-wax
realized the powder characteristics—flow rate and apparent density—stabie in the wide temperature range from room
temperature to 423 K. Because of this stability, HW Series does not require the rigid control of the powder temperature in
the compacting process of mass production. It was also found by the study about compacting process that KW-wax pro-
moted particles rearrangement during compaction and gave green density higher than 7.3 Mg/m?3, having pore structures
homogeneous in size and shape. The homogeneous structure of green compacts resulted in the improvement of mechan-

ical strength of sintered and heattreated compacts.
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Table 1 Compositions of tested iron powders pre-mixes

. Graphite .
Material Iron powder (mass%) Lubricant
A KIP SESSI Sh \LOY 0.3 0.6 mass% KW-wax
B KIp SESSS oY 0.3 0.75 mass% Zinc Stearate
C KIP SESSI Sh \LOY 0 0.8 mass% KW-wax
D KIP SESQASALOY 0 Non-lubricant

Table 2 Pressing and sintering conditions in the preparation of

specimens
Material Pressing condition Sintering condition
A Warm compaction Ny10vel26H,,
(403 K, 588 MPa) 1523 K, 3.6ks
A Warm compaction N,-10vol%H,,
(403 K, 686 MPa) 1523 K, 3.6ks
B Cold compaction N,10vol2H,,
(298 K, 490 MPa) 1523K, 3.6ks
B Cold compaction N,-10vol%H,,
(298 K, 490 MPa) 1523K 3.6ks
1st : Cold compaction 1st : AX gas,
B (298 K, 686 MPa) 1123K, 1.8ks
2nd: Cold compaction 2nd: N10vol%H,,
{298 K, 686 MPa) 1523K, 3.6ks

HORBDE 5 Ha THER L 7,
212 HElktreRERMS
BHASBIUTBICIDNT, KE - Hid%HE Table 2 (27577,
(B e, HgORB LURBIZHWTE, BEEE  warm
compaction & WC, #HEEH | cold compaction # CC &&¢.)
213 ®BamEEs
Table 2 D RGTHRO /- BEHEE 113K, v —FRrH7 v
v 09mass% T 9ks DM, X6, 11K H—HyHFF ¥
1t 0.7 mass% T 2.64ks OREBER L AT, 333K OMBiCEAR,
453K DT 3.6ks ORBE L 2477,

2.2 EFHES*&
2.2 ¥{EdEd
FHAZELPLDFIA A~ TR THEOREICMEL
TIS 7 2502 #5 L 1F, JIS Z 2504 [“ESW T, MBEL RIMEEL S
AFRHEL A, EREEEL, -4 -AROAE 113mm O
FL oy PRGBS RIAAEOREIIMAL, JhEAWCTEREL
EREOERLEEIDENL X,
222 BERERICEITAEEER
EEEI- L s BEERMOHRARLET I -0, Bt ERML
LA C b Hsbt e LT~R— 280 v 7714 4158 BeE (R
B D) OIBRRMERCI B BERELT p ISR CAEHE () OF
L% E L7, MUERRE, SKD SOEE Ulmm D% 7Ly I
F4 & 50t BEHHRBEELALTUTOFETT -7, 433K <
AR E s A A APEEICEBAIA BT L, 7o ICHFRLAR
ALK, 72X~y FEE 167 %10 m/s —EDEMFT,
FEMEFE D 490MPa £ TIEL =, & p TO LSy FOERNE L)
AR, MEROEREOBERIL 2 70 w73y o8 K
R THOEREONEERE S L NE LT, EREO KRR
B AV #ED i, 433K TOREBIZ 20T, BEIZIZ 433K T

OEBEOTHRERGTHETRETH 5, BE—ETORES
B o, FRTOBEEE VA, B THROEREOTER,
Rk, EREOERIEESLUVEE SV (oo - 81T
HAL, ThooiEd & L ICRBRTHROER 4kt Bl
L, AV(p) #WEA TEIHTRTOERBEERR V) 2HBAL
V), BLUREEEETHHBERE V) 2M0T, @) . @
HITEDHML =,

£(B) = (V) = V(o)1 /W () vvmmvmrimemneeennnnn (1)

BRI REIZ B B EELAERIE, Cooper ¥ & U Eaton DEF
A OBRBIZED, A TELENEILERIIRE LAY,

{e@) — e(p)}/e(0) = aexp(—b/p) + Aexp(—B/py---- @
Cop) = Cogfp) + Copp) - vremmerevmmemameeiiniie 3)

IZT,a,. b A B(=h)R3ERTHY, #1EHEHXRTHER, #
SHAMBEREOSSIIHIETAEH - FEIA LN TES, Kl
Clp) A EMERPELILILIITA, B e b A, Bid, £
BiEA @) RURAL, EEBEORD SR OEM LA, T
aBXUAOREIZLD, EEAFRACHET SRTOHEETL LU
WEBOREELHEE L.
223 EBRERE
32 10mm X £ X 35mm X B & 3mm OFARICHETE L ZERHERIC
DT, 3HTREB AT R AREL &,
224 BEFECIBLBEOMENEE, EELURLOGH
KREEEHIZOWT, 550, Y, WRE, Ty s LI
EERE LA, X600, EMBE - 85 - BBk, B LU DPDS
MEECDOWTE, BAEEREE 2HE LA, AER, BiE 60
mm, & 5mm OAFROREBRR &V 6 B E T il
BiEkbERBL, @) D LEH0, ~AvyIinieEH LY,

O = GE2ZE/DVB/E, + 1/E) 2 e ieaaes )

T, o, MEEOENE E (MPa)
P: FEERIR D AREE (N)
r: SREERIERD EE (m)
Ey: RBR{EROD v 2 2 B (MPa)
E, Wik O Y v 7 E (MPa)
F7-,

E, = —342000 + 69 200p
p: B OEE (Mg/mY)

THD, ploid, 7AFATFTAETHE LAFABRERENAL,
10V HOENELESRLABOALYIEhERAEREE L L.,

P L =B A BB AL, PImAMEL, Ty Fr s
ZLUTHRELAAREMMSHOBBG 4 IFEMICMD AL, T}
FAMT2MEEL, BETHIEAOMHBELE, LUEILOMAE
BEOER A EEE L 2, FESIEL, EANmEs REOEMK L
B AMOEE, OEEER, (FIL0RRE)Y (4 2ILITETE) 12
Eo2T, FhFhEHL,

3 BRLEZ

31 BEEMOREETY

WH A OmBE, AMER, & XU 686 MPa TOEMEEED
BERAME Fig. 1-3 0 ThThRd. &k A ORSE, i

NI Vol. 33 No. 4 2001



172 ERREASS S @BE)—Y 3022 [KIP2Y -y 3192 A HW &+ — X

18
16
= -
g
et
2
5]
z 12
2
[
10 L - +
250 300 350 400 450

Temperature (K}

Fig. 1 Temperature dependence of flow rate for powder pre-mix
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Fig. 2 Temperature dependence of apparent density for powder
pre-mix of material A
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Fig. 3 Temperature dependence of green density for material A
and green density of cold compacted material B
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Fig. 4 Compaction pressure dependences of reduction rate of
porosity, C.(¢), of powder pre-mix C and powder D during
warm compaction process
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Table 3 Physical properties of as-sintered samples A and B sintered at 1523 K for 3.6 ks in N,-10vol%H,

E . . Sintered density | Dimensional | Charpy impact | Hardness | Tensile strength . -
Material Compacting condition (Mg/m® change (%) | value (J/cm?) (HRB) (MPa) Elongation (%)
A Warm compaction, 588 MPa 7.35 —0.504 45 a8 1353 5.8
A Warm compaction, 686 MPa 7.43 -0.405 56 90 1445 6.9
B Cold compaction, 440 MPa 7.06 -0.812 28 82 579 31
B Cold compaction, 686 MPa 7.25 —-0.625 41 85 619 4.7
Table 4 Physical properties of heat treated samples A and B
. . Density | Charpy impact | Hardness | Tensile strength P Contact fatigue
Material | Warm compaction, 686 MPa Mg/m¥) | value (/cm?) (HRC) (MPa) Elongation (%) strength (MPa)
A Warm compaction, 588 MPa 7.35 35 44 1424 11 2691
A Compacting condition 7.43 38 45 1316 04 2913
B Double press, double sinter 7.48 50 47 1278 0.8 2942
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Phote 1 Microstructure near the surface of as-sintered
material A

Photo 2 Microstructure of the center part of as-sintered
material A
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Fig. 8 Hystgrams of circularity factors of pores in the center part
and near the surface of as-sintered material A
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