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Creation of High Value-Added Mold Surface through Learning from Nature

Yuichi Furukawa

Synopsis

Cold chamber die casting process has widely spread owing to its high productivity. Because of the formation of rapidly
solidified chill layers, molten metal is required to fill up a mold cavity as quickly as possible to maintain the high casting quality.
In order to relieve the effect of chill layers on castings, heat insulating mold material and/or a powder-typed parting agent have
been applied to a mold cavity and sleeve surfaces contacted with molten metal. However, it is difficult to construct an internal
mold cooling system for the achievement of heat management especially in complex shaped components. It is also hard to deposit
a parting agent uniformly on a heavily uneven mold surface. Coatings with poor wettability to molten aluminum alloys and with
good thermal conductivity on mold surface are expected to insulate thermally during the infusing step, and to turn into a good
heat transfer interface during the pressurization step. We have developed the carbon nanofiber coating mixed with fullerene

which securely endures in high pressure die casting. This coating has an action containing oil and is long life for the composition
like the mother-of-pearl of a shellfish.
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Fig. 1. Schematic drawings showing layer pearl state of
abalone.
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Fig. 2. Schematic drawing showing high-added mold
surface model.
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Fig. 3. Typical SEM micrographs showing cross-section

of carbon based coating.
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Fig.4 . Typical SEM micrographs cross-sections
C-Ka image of carbon based coating.

Note: (a) taken from CF coating before die casting, and
(b) after 100 times shots.
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(a) before die casting, (b) after 100 times shots.
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Table 1. Preparation of mold surface in gravity casting

and die casting.

Surface coating Lubricant Symbol
No No SKD
No Oil bas(e(;:iI II_L;bricant SKD+OIL
No POWdT; Iltlj)bricant SKD+BN

| o

Ccir:tci):g;b(zslze)d QOil bas(ti;jI II_L;brlcant CF4OIL

BERIFICBI L CIXERTOBATE LD EEL
BERTIERT Y4 FF 4 F (BN), BARIIBNT
M PEEERIA] (OIL) & L7:. BN ORE X EMEERT
WX BUERERTH L. IWEBERFNCE L CIE, S5
il D RS L D 01 g &AL, A — KRR
(CF) I\ X B RBB R ITz. BN R OB R E
BEORA L L TEIDPERCEDFHERICBI 58 nE
¥R RS, IMEREOBYRGERBIE S A 7 A b DOFEFA
AL TRDBEZ EE LT

B O EBRSEE Fig. 6 13 ADCI12 % - (935K)
AEAFICLVEFL252002, BEETELTLD
DT R, FEHREAZESEL000— N, WiEd
R BAF L7 v 7R EY R SR 2 SRR S T
W5, FHZ SKD61 (SKD) % w7z, EiGHD ) »
TRINOEY B L ORNOIREERE % 51l L 8
B L. A H A MEEROF ¥ T 1 KHiYEDS
VIR T BT TRL -0, Fig. 70&M% H
Wiz AN — TS BT B g & P S 5 72, A
V=T7BLO Ty —F v T himxh— KR EE
AREL, SHICBNAZ®A LA WEF v T 1 DA
BN % &4 L7z, BUmZ % 5Hll3 5 7201 5RIL L 7234
ExrE2EFTty hTC&ELYE VR, EUYEBIZIEE
XdammOtIIvr80) vy CTH-7-. EVIZHEY
LEEMF v T A HICHES 6mmDLT Iy 78O
WiEhs — b (BzEE# 0,13 W/mK (873K)) %k 7-.
F v T 4 N ADCI2 O JE % 5Hll 3 2 2B X H
IR RPHERA 22 LIXEH L T AhnwEoo,
vav b tiay POHIETS. &HoFEB
JOMEHT 3 v MIfTHT, 1 v 3y bEHD> S EEEE

P> BIR D b 2 S| lifl 2 SR ERHORK 25

IR L7z, EBRBMGR B X OS54 T R B R T
EHWCERIREREZ IR L 320 K UNIC2 % T
HLTrORY gy MeFERLA. GG S #ERISE
T E CTOMOEGRE & SRS D2l % % e R K
VR L S AT G- 0 B AR A L 7
BULERBZ R L4 H % Fig. 8 12/ 7.

DC
GC

DC
GC

DC
GC

DC
GC

DC
GC

CF+OIL

SKD+OIL

SKD

0 5000 10000 15000
Heat transfer coefficient / kW/m*K

Fig. 8. Heat transfer coefficient on different mold
surfaces at gravity casting (GC) and die casting
(DC).
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Fig. 9. Typical SEM micrographs of cross-sections
carbon based coating.

Note: (a) coated after 100shots of die casting. (b) coated
after 55000 shots of die casting.
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