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iron-based foam with 3-D open cell structure
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ABSTRACT

The porous metal materials have been widely applied to chemical industry,
metallurgy, aviation, energy and many other fields for its favorable permeation
performance, high mechanical strength, preferable hot shock resisting capability, high
surface area and so on. Iron-based metal foam with 3-D open-cell network structure
and characteristics such as high melting point has wide application prospects in the
exhaust gas treatment of automobile, gas purification, metallurgical liquids filtration
and other fields. The preparation technology of iron-based foam with 3-D open-cell
network structure and its oxidation resistance performance of foam at high
temperature are mainly investigated, the improvement approach and correlative
improvement mechanismon the oxidation resistance performance of foam are
also discussed in this paper. Main research conclusions are as follows:

(1) The iron-based foam with 3-D and open-cell network structure can be
obtained by the following steps: (a) confecting slurry containing a given amount of
solid content by mixing the stainless steel powder and additive A; (b) preparing
precursor by pouring the slurry into the pretreated polyurethane sponge adopting
roller-pressing way; (c) preparing iron-based foam by sintering the precursors under
flowing argon.

(2) The pretreatment of the sponge is conducive to the uniform distribution of
the slurry in the sponge and the reduction of the jam of cells in the precursor. When
the ranges of additive concentration and solid content in the slurry are 9~13% and
52~75% by weight respectively and the relative distance and roller-pressing number
in the roller-pressing process of the impregnated sponge are 0.17 and 3~5
respectively, a precursor with moderate slurry loading and uniform slurry distribution
can be obtained. The iron-based foam with homogeneous cell distribution, consistent
cell wall, and good 3-D open-cell network structure can be made from this precursor.

(3) During the sintering process of precursor, the addition of 5%~10% MHy in
sintering filling can improve the oxidation resistance performance of foam metal
and allow the sintering process carrying through without super-pure gas for protection,
and, therefore, reduce the sintering cost. With the rise of the sintering temperature, the
linear shrinkage rate of the sintered products augments and the open porosity
decreases; the bending strength increases with the rise of the sintering temperature

from 1200°C to 1260°C, but decreases after the temperature exceeds 1260°C. With
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the soaked time prolonging, the linear shrinkage and the bending strength of the
sintered products augment and the open porosity decreases, but the influence degree is
markedly less than that of sintering temperature. The sintering temperature of 1260°C
and soaked time of 30min are considered to be optimum for the preparation of
stainless steel foam with excellent 3-D open-cell network structure

(4) With the increase of the slurry loading, the open porosity of the porous
iron-based foam decreases, but the bending strength increases. When the slurry
loading in the precursor is about 50g/100cm3, the foam material with high open
porosity and large bending strength can be attained.

(5) Though not very significant, the particle size of the stainless powders has an
impact on the open porosity of the sintered products. The particle size of the stainless
powders has great impact on the compact degree and the bending strength of the
products; the surface activation and sintering driving force of fine powders are greater,
so, the compact degree and bending strength of finished products are greater.

(6) The oxidation resistance performance of foam material was researched
by the means of weighing in constant-temperature oxidation. The results show that the
decrease of the particle size of the powders and the increase of the sintering
temperature are beneficial to the improvement of the anti-oxidation performance of
the products at high temperature; the anti-oxidation performance of the products made
from simplex 316L stainless powder is not very good.

(7) During the confecting process of slurry used to prepare the precursor, adding
some non-metallic additive containing Cr into the slurry is beneficial to the
improvement of the anti-oxidation performance of the products at high temperature.
With the increase of the additive containing Cr, the anti-oxidation performance of the
products at high temperature is improved, but not evident when the percent of the
additive exceeds 10%. The mechanism that the non-metallic additive containing Cr
can improve the anti-oxidation performance at high temperature is that: during the
sintering process, the additive is firstly oxidized and it can prevent the formation of Fe
and Ni oxide membranes whose anti-oxidation performance is not so strong, and it
also can delay the chromium depletion phenomena; when the products are oxidized at
high temperature, the additive containing Cr is firstly oxidized to be a compact Cr,O3
protection film with excellent stability, which can restrain the infiltration of oxygen
molecules in the sintered products and then reduces the oxidation speed of the

products.
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(8) The addition of the additive containing Cr affects the bending strength of the
sintered products. With the increase of the additive containing Cr, the bending
strength of the sintered products declined. The primary reason is that the self-diffusing
coefficient of the non-metallic additive containing Cr is much smaller than that of the
stainless steel and, therefore, it can baffle the neck growth between the powder grains
and block the densification of the material, which seriously affects the mechanical

performance of the products.

Key words iron-based foam, 3-D and open-cell structure, open porosity, bending

strength, anti-oxidation performance at high temperature
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AR IR PR /N R T SRAR TP R IR IR SR WA 3-7 P AR, JROBLEATHLIEIR
PR RN R B W HR RS AR g T 8K o SORHEAT HILTE IR B iR N R Bl A
RN FLITH A T AR AR 19 DT 8 O, i BN AR AR P L3 28 AR 19 R RS F 488 A v 9k
Ny DL, FOBHEA NI IR AL B SRRE N BB IR R B (RER A 4L
NI ppid 1A o SXABTER TR IR ST BOR AT HLIE IR AT L, S5k 3- R HR /)
HIA BRI A ZERATH R ) SRBRR N, I ZBCR AR /N R AR TR . DA% T
ANF BRI N IAT B IR AR UL, EERAG 5 FLAL D AT FLAG R 150 1) R HIR 22 FL R
TR, 2 AT L PR e T

709 1 sl A5 B 11%., )
65 ] }]/ée"]%; 26{:7\; ;) /
55 /

50- /

45-

FHHZANF g/100cm’

0O 10 20 30 40 50 60 70 80 90
ppi
A 3-7 MRS RAEANEZH 6 X &
CRMmF) A REH 11%,B4FH 66.7wt %, FTIREZEH 0.17)
3.5 FIOR{RIERLENE X RS RE B =200

351 ERBAEMNREH MBNEERITIE

A IR N ST 22 FLAR L K (1 3 WL 3 T AT e« 18] 3-8 9 ANIF]
R ERTIRAAL R 1260°C R 30min J& FT1S 2 L& B MR MEE, ME T ATLL
B AN N RN, 2 LSRR R B, MR A&
42.1g/100cm3 4N %] 67.5 g/100em’ B, Le4h il i (12003 FE I 0.87 g/em’ # K 5]
1.37 g/lem’,
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1.5
1.4

1.3 ////
1.21 -
1.1 /////
1.01
. 092,//////
og-——
40 45 50 55 60 65 70

KAHZNE g/100cm’

B 3-8 AFEELS RAZANEX R

% 2k 2 E N B Je/em®

352 ZRBEANENMTBESHILENEID

FRNZNEXAEHLBR 2 5 P08 B BRI . SRR N B, bedh
Ja A BT BB KA WANERE K, K5 2 FUARH) =4l ALY SLIRTE 30
FEARARIGTFFLER . AL A T ERR N EAE 40 g/100cm®~70 g/100cm’ 2
[ HTORAA, ik AN RIS T e 515 201 2 A LM BT FLE R 3-3)FIHT A i B (3R
3-4),

M 3-3. 3 3-4 af LUF HIF AL BE R RRE N R KT ks, s e
BB AN SRR G K, I B Rk S, A RIS N S T IR 45 1 2
(1) 2 FLARTFFLEE M, Hl P SRR . 2R G BRI 2 L4 8 75 A B 1L
PR AR I PUE B, € AR ERR AR 50 g/100em® i 47, 1260°C il i
FHENEAN A 52.3 ¢/100cm’ B FF LKL 81.2%, U sE N 51.6MPa.

£33 FHEZAEEFILELZ

RARNE FHLFE (%) RARNE FaLFE (%)
(g/100cm*) (1240°C x 30min ) (g/100cm*) (1260°C x 30min )

40.3 86 42.1 84.7
50 83.4 523 81.5
57.6 80.9 60.4 79.2
65.9 78.8 67.5 76.7

27



il -2/ 18 S S IR A A0S = i FL RSV IR P RS

% 3-4 FMHEZANETERTRAXEZ

RAEANE  WEEE (Mpa) RAEANE wWEEE (Mpa)
(g/100cm*) (1240°C x 30min ) (g/100cm*) (1260°C x 30min )

40.3 9.6 42.1 46.5

50 14.2 52.3 51.6
57.6 16.2 60.4 54.6
65.9 17.8 67.5 56.3

3.6 MARBLIZIRE T m It RERI RN

3.6.1 MARNENFIRALREREREHFE

TEME R ERRARR 50g/100cm® 2245 50 R, SRS APREAR 1 A i 4 1)
BTORARTE 1260°C Fe4t 30min , FTfSFEm i, JFFLRFPTE on s 5k
KRR Z BIFIR RN 3-5,

3-9 WOR TSI ALEE . DU BRI 5 RRAR Z A OC R . My LA
B HFE R I L2 B AR (980 N T sk S, 3202 B T 400 AR R I AR K, 3R 1 R
1 GRS IREN IR, KoK IR 4G R ECE , i AE 22 LRSS IR IR 1 ITFLFLBRBE VRN o

M 3-9 I v LAE i, B BURL R (90N, FF S T2 s e I i e Al
FARIORE ST 61um [RR R & VA S8, P sl 16.33Mpa, 41l ]
44pm (14 B RIS SR 3] 51.76MPa, SREFIAZ] 61um K A& Hl 4tk 1)
PR 3 4% FER IR LR AS: — 2 1 T BRI, £ ORI 5%
BHER BRI 22, AR TR AR NI RN A], U4l R MR i AL HAH

R 3-5 R AR ERRE R . TFILERRT IRE

A2 (um) LG R(%) FLRE (%) wE 5% Z (Mpa)
37 21.1 81.3 54.27
44 20.2 81.6 51.76
50 18.3 82.26 41.66
61 15.4 84.34 16.33
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A KAR/um
@39%$ﬁ@ﬁ%%%%$%haﬁﬁﬁﬂ
y P AN : - .I il -‘.‘_-7‘:‘-:‘4"";’ T
a' B LR 'P b ’ L A} b l
*' 'S f'."r,- h" “
J s ‘ I L '
Ly ¥ " o ¥
;’ I . " an al . ‘ -
; . i 2 e
4 r f -
3 '_.'i o..‘ P' ‘ 4 T ‘,*.‘:*I
- Fo. i v ek a2 o
= - ‘ - ] ‘,_,. -,‘-
()6l um (-250 B ) (b)44um (-3258)

A 3-10 RREEES KRRt 48R A

AA—, M T AR IR . o i TR AR ROR AR, SR T REAIK,
BeghiE N, I LA BUR MR ANy, AEdn A B HIVBORI AL, AT Bt
LR fERREK. B 3-9 e v LA H, B ARIRIAR] 44pm BUE, JFALE. $T
R 5 ORI TTAa & TP 2%, X2 R Uk R RAR /N T 44pm IR i e
SO R, R BILRKIIALI, FLBRARR /N S), I ARE S i I
FLA RIS 58 A 2 B = 2R LR AR 4L
E&mﬁ%ﬁmmﬁﬁﬁM@mH%X%%%@%%E%ﬂ%u@ﬁ%w
WA o AL 3-10 T RUFE HSR A 61pm BVERES I AR A 45 VR 4, FLEE 11
%ﬁﬁ%ﬁﬁﬁﬁ$ﬂ@,56Mm%*%%#mﬁw,m%4%mmﬁiﬁ%
A S JE, FLEE BFLIATE /N, 1 B A3 s], dkidn /s o AsEkIE, RS 5
BT, I . ERFEARE RN, R0 e E 2 ki AT, Sk
PRI ISR iy S B 30T ) AR FE AR 22 580/ AR T8 S0, REOOS S U 5 | 76 %) 2 3 B Fh /)
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DI, AE[FRESNINN )1, K AR AL ZERRBIT 5 R A I B R R A 48 R
HEARTE L2 LE AN i oRE SR A 22 o Nk IR g BRI, I BEAE BRI A
TN A BEAEANRR SRE A B AT, I8 A DB /)N, Je 58 P vy 1 St A
(90T, PRI 4t i o P YK < S BT S SRS TR, BN B v T VLA 4 e Ty A
AEo AR ACRLEE XS i AL B4 L5 075 9 1) 52 R 25 8 S Ko AR (1 ReAR [
7, ASZREH] 44um IERIIEAR AR Ik

3.6.2 MARRIZZNIH ER KR

S R S LA 43 1 K S R RORL TSR A7 A, ISR R0 b T —
AN REIRAS, B B AIE B A A BRI 0T, 5 ) 5T 5 1A A4l 40 A A AT L H
AR R MRE . Begh It F 2 H 1S IEPRL R G R4 i — A B0% 1 i A, 2
REMIRAS L . PRI 45 AT, R 3R 48 HAT Tk T 1 2 T Bk wsr, X AN i P gt A 7
Sy, EIRAETESERCOR . S —O7 I, Bedi e AN AR, I E
RE PR A AL I R AT 03RS J7 5 Bt LASESEURL 22 4 R840 1k R0 L AR 451 e 2 [T e
YR Ik R AR,

AT AT LU CAR 7 S 7 VR TR I BEIR BN 7, B e 4l A R R i
REN By, Bedli — B0 AL TG IR TREA B (1), 0SB B S BE 3 FE,
WIAAEIRS) J) AE vH (58 3-1) FIR:

AE=E, - E, (3-1)

s SRR BE R R W,, (g/mol) , [ KM v, (J/m®), ¥y AR LR S,
(em?g) BUAFAZEd (gem®) AN (K 3-1) N
23

AE = 7, [W,S, - 6(%)/ ] (3-2)

Ewwmsp»a(%)% L (R 32) AT

AE=y W.S (3-3)

sv' 'm™~p

(X, 3-2) 2K T Ogerodanikov H1 Zager®™ =, &r KB 1 1 FER
FUE S HO AR P RIRMTRE, 708 ARG b — M AR v K P A R AR, #i
SEALRm S, , B
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S, =— (3-4)
W

AP ANBREEM, W AREER.

A (GR3-3) IS (G 3-4) wl i, R ACORLEOBOH, BRI, AER
T RESK AN JT 0N RO, LUK, AL GEK AN st it
FERE A IR R Af AR Be 2 A A PR S, il BN, Mt e 25 o 5
Ko IXAHESLFrbE 4l A A LAY K 2y he i (1 B I

HAh, W T ARG B2 AR, SREEXFLIR AR AR, R SR Rk
R PRVRL L RS 98 Z IR M RARL K 95 o 70 B 1 AR (Kundsen) B H 98 % o 5 REJE D
FIALBREE O B i) S50 6 R 2,

o=kD*e™ (3-5)
Xk av b—&WHEL
AP, LRSS eI, A A5 0 S B AR R T BRI 0k R
RLJE— g I, 93 B L BSURE RIS I ing FEAG . i BRI A S5 18] 3-9 IS4 2R 2

—EUN, WY B ARLAR (9 n] 3 BRI RO SLAR I BEAR LL KA R TS
SRR3R o

3.7 KE/NG

ASTE AT X WL IR AR Y IR T 4% I iy SR A e 4 1l i PR RE RS2 M BEAT T AJF
G, EERDE T TR AT B R vh % L 2 S HO R IR AR SRR TS, AN A
U T (S EO e iR IES . SLBUR KA tEReM 2w, E RS g R R
(D) 4L AT B TR AR R I3 53 0 A, s D ALELS: s 34h, Ttk
BRI ARPR RN Ry TR AL BRI iR, X0 i AR
g I HLBRE BE AT A
(2) Ry YR A AR 5 R BEDRER PP S IR P R B R B, Bt G o [ 5
RIBE R TGN AN S0 2 e S IR 0 1%, SR I 5 208 67%
(3) SIS SUOS AR e 45 AR I RESE AR . AR XS ST 0.17 1,
fLEitfa %), ALESRB D HPTRREE 3 IRLUA, kAt
RIRERR AN AN, IF BB SRR P 1 0 LA A
(4) AT IR W IR E () 3 B ZAR S I AR R B Ve Bl s SRBHE A PR
IR B SROBRR N B B R IR RS (9 T K
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(5) Z ALK B FFFLER BB N BB KT8, TS sk B Prde
o LRE B 2 LE )R T A B s LB R AR YU s, 1
HRZ AT 50g/100cm’ 247

(6) By AR JsUBHRREAR AT Be 45 SO WAL AT 52, R AR, RIS 1
BOK, Beai RS o, BUs RS, LN, T o
FEBRR o ANRIRLE IR AR 4545 21 1) 2 LR IR AR T LR AR AL B DN,
M E AR EE K
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FMOE  REH E XA R

41 515§

i 5 B R T AT IR 5 SRR R RE R, $R B T A i R Ak
ML 2. Sihr b, Bediiilah i TERERR L g AR (1 il 2 B EAH G Ah, i gAA )
peai e — N EZ R SE M A 3R o AR E B BRI A R A T e g Bkt %
S E DRI IN TR) S SR AR ALIRTE S JTALA S HUES amBESE 1 5E

4.2 WREEHI E R E
4.2.1 BISE{ARY DSC-DTA 947

4-1 A ATYRAART) DSC-DTA WK # 2k . AR, 7E 129.20°C A — /MR g,
ME U F] 129.20°CHLE 2 [A1F 0.3488% 1 F At 2k, X 1] BE A& HH T A gk A4 o 1) /b
IS KA REG 7E 223.00°C A1 246.19°C %A — AR HUE, JF H M 223.00°C A
F| 315.87°CZ 14 7.281% [NEHFEMIK; 1E 336.35°C WA — LRI,
£ 503.34 A 7.344% N HE PR, X AT HER H T8 D075 RH 2R 2 R i 40 vk (1) 44
RATRITEL

105 a2
] NsEE I
OOOEESEmin
1 by n e =}
T

=5 =T :a
121w —
L1
g5 | LaE 2
— - i)
Z e z
= el E
E &
= 1=2re 1 2
ZAore E]
= 1M B EITE BTN 1.3'
50 | -1
¥ (=
E
a
3 . =

B5 --1.8

B e [ — T 1.2

-] 100 200 am L1=]=] 500 [ 1=]-] 100

Tempermtie o)
B 4-1 FIARARAE ATt 25
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4.2.2 1REEHIEHE

Z A B BRI SRS BAEL 05T o FRMTK I TR e g, ez s T ik
TR TR R4, 2 FLARR RS M2 AR B ), HJLT-B A Z 8 n (R
LR IR, A a0 RAEHU N BE 5 LB B R AL K00, UHOE A 2 LM
BEEATH 40 RN BE T, 8 A PS5 RE at  Z HEd 0.6-0.8T 4. 1%

TEFE P g HIRE S, B SRR o IR A WL S R R 40 1) 2%,
AR Y BEATHIR T2, Frdfise ke s LW WL 4-1, ArSRAAR G228 THi
£ 150°C Ff4E 150°C frilt 1h DLORIEN . Beft SERLDL AR S 7K 2 58 4 2
B P53l 7E 250°C 350°C AT TIURE S 1h LAHERR He il IS I e RS 25 55 7 i = 4) »
17 00 45 38 B 3 e, A S AR vk BE A JE bk BE R RS a4, T
3161 BkEI AR R LE M Hud F2 i F 76 1250°C DA AR, S T 45 3 ) B
AR AR, XA RN 2 U, ARSERREFA 1200°C~1300°C 2
() 2% S0 R 0] ol it 1k e T

IR FREZE I, Jr 7 DB/ DL R e K DR S 0e s il T m g B3
PR, PLORIESE R B AERR L B o A 2K HEBRS In A A4 A ML AR

B W B RORI G, AP BO R R, A .

k41 BLEHE

®E(C) BF 18] (min) W2 F(KW) A5G (L/min)
TiR-150 80 30 1.0
150-150 60 35 1.0
150-250 30 35 1.0
250-250 60 40 1.0
250-350 30 40 0.7
350-350 60 50 0.7
350-800 80 50 0.5

800-7% & i 100 55 0.5

1R 30 55
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43 &BR51HL
4.31 GEEERIRRES R M

ARSI 22 AU BT IR AR B B A RS A DA, DRI AR 5 I 1 SR A48 H K
SRR R D T, G SR AN S AA ) ] e PO A R ORE CDASCEE IR O
2 AR A 4 Jo 11 a6 o PS5 R W SIS A ), sl o A FL AR 46 704 i I
P I P A I o RO R T BT 1B N I T A AR P R A AR TR A L
A, R IUIIR . e ORI AT Bl The g e 52 A S48 DL R B Ik R ik 2
WA IORG 45 o — BT R T ABRE R I AR« AR L AT AR IR 24 hy et R0,

BREE R e BRI & S AR e g5 I R th AN S e 4k S e it R AR AT A 27
SNy RS B N BEARAN K AR HAT — € PR R /NAE, BRAR IR i i
R AR EEAD . FE R ER SR N RS IR . e 4 R AR AR N Y 1% 4R S A
WUIE AT SR — (K 2% B 1330 A 1 4 o ) ok s el oKt ™ AR S R4

FERE A it Th 5T RE T ORI S IR AR A A O I, AEAT SR FH AR R A ) o
IIATEACTISRIE RS IR B T, AR Tl b B 45 I R DR o N B &4k
G, ITTAEGESE I BE T 7 A8 AR S I Js T S A it gt s O 7 3 ek g £
REJs, AT AR BDRE T I AN A R OR A U i A BOK 28 SRE ) RS YEY)
PSRN 4 RN ey doe = il K i Ol i P2t/ v ) i o 7/ =S I A E B & 2 R R AT %]
1E T RS R I A .

ARSI R 8 T MR (M) A A Aok RAE e g kL, R4 s m 13-15
W GENEGYI AR (MH,y), HRVZREEAKRT 50 2K, EEAEEZ
) f5 L T Ak 0 )

X 42 WoR THREERT MHy By ARRRE S PERE R, SRR A
1260°C, LRIELESTE] A 30min.

R A2 BREA T MH, 3T R4 4] ob f e bt AL 69 F0h

) A 25 ) 5 LI E (%) L % Z (MPa)
45 245 12.5 40.5
[+ E A S 20.2 51.7

MRV, SRR T M H, R 1A A g BURL R B4 T 4515 21
RIl ty Aeie i R AL B T 20.2%, PUFS9RZIA S 51.7MPa, [0 2B R AR A 3
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BHRF, ol R0 12.5%, PUE N 40.5MPa. X2 i Tz & S 5P K
FERE SRR Pl TS AR Z (MR, IX R VA SRRt TR 4l IN (V0 T B v, AL AE
EBLSLIIMN v B, AT, BT LAREs il dh P s i 5 Ll e R Ay
PP K.

4.3.2 1R45 R E 5 PRiE AT (8] 3 15 45 aa fE BE RIS

ARSI FHER AT J5UR A 3161 BRI AR, W LLEAF S RIc R be4s, 1
JLARKEAT I T EEHLH YRR, e be 4 A DR IR 18] 1) 5 AR A A

P,

(a) (b) (c)

B 4-2 ekl Az b Ak A sLIR AR . R ) AR

SE T (Rhines) L] 4-2 B (RIS liad by oK 458 445 ef — 44k SR 122 i T
FFLBRAR . (a) R RBRL AR (b)) FoORTERIRELE 44, Wi
o7 2 11 S~ P4 BOR R 15K 7 B = A IR N g, A0 o ) 42k s i B, 3BT KA
Fefuhrn, SLBRAHRN G/ (o) Ronmilbbedsfa, Ffbmm ek, FLERGka4E /)
T ERIE.

BT Rl 4 SR R 4t AR AL W R, A B IAR RS 6 ) w2 vl e AR
PRI R LIRSS 7, % ) 2 [ Jee S5 5 1) T v i BRI o (EUR PEASG e &5 1 —
DIIPR 25 o B il P58 1) o v g S T (V09 55 T A ROASE [1) ) K 5 5 A A B 0l 135
MK, IXEEPHAG R R ARG (1D FOR R I A Al (2) BRI Mk
FEALIEE; (3D A2 S S B FE R I H ISR P28 (4D BOREAS B (R SR VR 7%

PICHRM R, A AR AR AR, RIBRE AR SE AP ) BBl ) 2%
P BE B AR IS . VRROTIDUR A 2 BB B R 2 R S HR S 2 (4%
45 1) A8 00 il B MU B Rl b AARRE R, JFiEH: Au—03,
Cu—0.35, Ni—0.4, Fe—0.4, Mn—0.45, W—0.4 %%, KEBEMEH SE, ath
AR A

SERRI e gk BE, HRE AL, W R A B e 45U R O, DR
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Rl N RN EIL G AR 2 R T R 58 1 ) o K ECAT DUAE B e R B4 R4y S = N
B B

() RETGE B (a<<0.25)  F T ASEEG R I I FARAL Ge it R il e 4 1%,
MR R ENR T 715, A=A Il Ak AR s N g, DRI B 22 i
AT B SARFIARK G3 BIHEE R, KRGS I o AR AT HERR S o b TR RIS, ROk A
S, I EIERDIHEER, ST E A SRR .

@) "PRTHEFT B (a<<0.4~0.55) FFG HILT45 it B S 2 e B0RL N, AR TR 1)
miRLAS AP, CSC2H Ok T dioRE s [ IS JORE S T e 45 3, A B P A P 38 o
WA LA 218

Q)i PR TE I B (a=0.5~0.85)  RE45ME R Cny fRmsh) 72
ST IR SE A, TE R AL, JRAREEAE /DN, AR FLBSRST FALBR S B3 A7
WD, B R RGN PR RS, B T RE LTk 2R E AN P
Ak, BEARIR N, KN TR A AT 2R AT LAKOK, e ke g R IR R g, BRAIG
PIVERIGE FE 1 o

WE BT UL e SR, SRR i bR AR e, B PRI I TR PR, — BRI
(1) 2/3~4/5, WRJEIREL a=0.67~0.8, FACPRES T R4 hhii B2, o BFR =2
ARG L2 E, T H AR 4h i 1) A I i 4

FRLh I (R Fe CRUR I (0], W — e i, BRAERT A, s Rtk RE R . (H
S IF) RS M AN L P K, AR e 45 ORI RT3, 5 B Bt I TR) AR A e o S 36
B, bedhiill BERETm SSCHTem M i, TR i [ L180LH A4 Rk
15 o DRIMAN SRR 5 ) [ A2l LA e A BU% 1, 1 HLAE KT R], 25 BRI AR P2 R0,
W22 RIS il 52, ISR e 4 R I TR) () T 2R AR AE = S R e o 4R 1 4
el s 5 AR A TR AR SR N HE

4.3.2.1 145 B E X RTERE R

AR S PR A5 SN BRI IR I B 35 A AR K AR, LKA, iR A AN
PR IAUIE RS IR R, S EGEIR e R I RIREE MR, B fLIT ok
W, AU A RIS SR A BRI b, R AR BB (I BRIR, A
FIFTREFE AL PPIRE R  ERE T HBRR ANl 50g/100em ® 2247 JEPERIAE N
-325 1 (44um) PRILFEIRB AR T, ARSI T HREhR A HI(E 1200~1300
"C 2 [B}J5E A5 5 X 1 ity P FE PR 5 o

&l 4-3 D AN T 75 2 KA i I Ze i i, IR R T UG HY Bt e 45t 1L
PN RN LV R 8 N e e PN DR Y et AU ke Bk i G VL P e
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FEM T, § BN, BroRE G, M S BSR4 R a8 K
M 4-3 R e LA, B IR a 5 M\ 1240°C 2 1260°C r=4: T LRI AR
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S
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B 4-3 Jrsk il AT KA R 09 %o
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1200 1220 1240 1260 1280
= JE/C
B 4-4 TR IRLEREIREH TFINEERT RE
W, XV REA AR MR gE R IR ] 1260°C Y, Begb AR b TG HBLRA, InEl T
FE & AR TE I HoAE F % vk ) & R 4 8 iU g AR B B A K 0 SL
(0.5~2mm), KREFAEFEMIR ARG ST RERIERE, MARAZE, Wi 5 E8HE

4G Y BLBOAT IR A s SR 4
4-4 WoR TAEAAEANFERIRE IR S PUE g, wf LUE HFLR LR
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SN R TE R, XA TR s, A R I BUR AR By, TR IR
a4 3G, TAEAE St I F LB N . 5 4h, KT 4-4 vra] LU H 2
71 1200°C ~1260°C Z IR, il ity (147025 58 58 BBt P8 T v 8 O, Mkl FE B i 1260
Cla, PUS s A%, X 2B T 1200C~1260C 2 M4 T, #)E
R, R SR AR R, ORE IR ) &5 A O, AR LT R R Y
WL 1260°CJa, 2R R4 FLIT S B, A4 PR A BT 25 5 R 3k
AN, JFHAER AP EAR TG o AT 5 2 FLAR R I IR T A B ) AL BRE 5 AL T]
TESRIRII,  JEHE 1260°C 48 2k il 55 ] 15 380 5 S AR 8E m 1) 2 FLAR VAR A B

Kl 4-5 2 1240°CH1 1260°C  "FAF ZIIFE S ALEE 500 5 AH K, M o] LLE
i, 1240°Cil BE N BATRE S5 FLEE EIBALALIE K 22, FLBRERAGFE BEAR, 1T H.4)
A, TSRS 1260°C AL AR/, i HILE R il Bodb, fL
BRERAERR BESG R, IX AR T4 i 2 LB IR M BT R

(a) 1240°C (b)1260°C
B 4-5 RERETREF LGSR A

4.3.2.2 {RBE E) X H G TERE R MY

TEME S AW BE I o, 28 JE R Al e vl 1 R ORI IS TR] o B4 DR
IS 18] AT R G 45 W S AT T B K R FLBRIE « FLBRTE S A B BT 2R 5 YoE o 188 7
BOR—ESLBRBE I SAT T, Beah e m iy, PRl N (RIS RT s e 4 i R AR IS
PR I T o FEIERERESE T E S50, EDRUER] S T I RE AT, N
JEE R FH AR (1) 4 4 P AR 2 et 1) R e ) 5 AR A 7 1D 4 ) R s A 7= R
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120 0.0878 0.076 0.0677 0.0524 0.0460

ANFIBEGT I A A B WL 5-5, BEAERRARUR LI T, B TR
255 1] i PR SR 1 B R B PRI 3, O ELX THARATI E T be & ol i R L AL i
BHTIRDE o H IR EIS S 1280°CHY, BRILIIUR P R SLATIE I, K™ H S M
RARLFLIR TSR ) 2P RE

47



il -2/ 18 S FhE ERERYIRREERET

16—

141 1 oc —

o
1—+—1280°C o
] j;;;

10+ "

/ I
/yf// ¢

e

/

*

AL E mg/g
L

*

N

O 20 40 60 80 100 120
FAALET 9] /min
B 5-5 RERLIREH AN TR
£ 5-4 TR BRLEREATE)H S ILE A 800C T AL 120min /& AL £

WRekiBE/C FILE /% FAL3E F /mg/g
1200 88.4 15.2
1220 86.7 12.8
1240 83.4 11.9
1260 81.2 9.0
1280 80.2 8.0

R 5-4 N AFIBEERIL N A3 BIIYBESE Tl b (T LR HAE2 T AL 120min
Ja il AR A R, AR RS LA HH B G S IR S (KT s, BRBEEIR IR T LR
s[RI AN Ao vl AR H S ) PR AP 1 Bt 22 BRI 3 . X T BE 2 i T il
B4 RE T 2R Y S R, BRI T, B AR I PG 5k, 37 e SR,
R ARG A, AT S EOT LR BN, > T BRI IR S 23T A i
BEAR T AL o

5.3.4 & Cr i&in#l B 3iestE] Mt aE g =2

MHT IR RIWESRNIE , AEDCACJE R4 IS P il s it AR 45 A 1 B s AL g
SR, BT Sk i A, DAL, ASER O ST ST TPl s e A R
A PEREI T, RIAE BB LARE A I I —Fi & Cr IS IR Bo 2 B BAik
P Cr PInsR SGE Sl AL PERE, R 1R IA

48



il -2/ 18 S

FhE ERERYIRREERET

K 5-5 A TANES NG B 55 NGRSk il i i A S RS U0 GAS N

B (& mIRIE NI B 7525w K AR B F AR KR I I o &) o
AR FE I P EAE 1260°C R LR35 30min 15, BT KT S8 28147 0 4 20ppi

% 5-5 RImARRE A E R IR B Bl d B g

AmF BeIgastes (wt%)

AT ]
2 5 10 15
(min)
FALIEEF Am (mg)
10 0.0197 0.012 0.0115 0.0097 0.0065
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9' —u—2%
| —o— 50 ./.
8'_ —A—10% _/
7 'y
L0 6_ ] /o/.
g . .
g i
W 5' ./
4
%;‘_ 3_ /A/A
“ i /‘/ ——
2‘ /:/V Y
] A/
1] v
O T T T T T T T T T T T T
0O 20 40 60 80 100 120

AL 18] /min

B 5-6 R RF4%F B B IR sl e R & X

49



il -2/ 18 S FhE ERERYIRREERET

55

50 °
45 \\

< 40 )

E ]

=2 35—_

¥ 30 .

sae ]

X 254 \\\\\
20' .\.
e e R S e

-2 0 2 4 6 8 10 12 14 16

Al B4 HEF /%

B 5-7 R AF 4% B B IRl en bty E AL

Bl 5-6 kil it AR B OB PN AR A Y LU, SR 5-5 15 18] 5-6 T A
A, BEE BOBARUSINE AN, ) 1S R HEAR. (HiliF B BrR
NAEEERIAR, H BT BCARBICRE IR R EMT 2, FIAG TR ACRURL ) e 45
SRR LA RS AL, ™ 520 1 65 0 22 R, K 5-7 o Tl
IIANTATEERR) B By ARG 4G il b I DU s B2, AN r] LU B B VST
(RIBE N, A RIS i 5 W kA, RN TA B 10% LU, il i RIS i AR
s g,

ik, WA B Ry AR i A NPT AC TEREREA TR LE, T LA H SN
T BB ARG S ) i A A ] A /N TR I B R A

54 kS BELD Y

< (1 et S R e &l e T T HL R de AR [ — PR B 5, SO —A
B A3 2 BRIP4 4 R AR I A 4 R A T b Tl — o A U 1 S e
I, AR G R ARG T, AL R (ARSI T A 20 3R

OF e, B3 G /AR A F AN A/ 48 51

Ot e, WG SRR A TCRIIY G SN i S AR AP i
INE/ T

X LA TR RS D0, S e I AL R L BUR 2, B, 484k
WIS, S AE < R I A2 s A AR A% K A A T L3 0] 4

50



il -2/ 18 S FhE ERERYIRREERET

W) I35 e s ARG SE R (R 52 s 5 5 R R A B I 470 4 )8 N IR
A AR s PSR ] AN AR R e AR s SR i B g 45 48 A J65 1) 4R
FI s EHAMMEZE R S

& B AN HID BANE, 48 40 IR R LB AN S ) 2 A AN A
], AT A PO . SR . R BO RN B A,
5-8171,

EE W
i

Bk

28, Am

]
A 5-8 #A AALBh HF &

PR A S8 () A AL B 2R 1 52, 1 5-3. K 5-5. K 5-6, n[LUEH,
A S5 F i £ A it PR ARV 0 Tt e 1) 5 R AR B ) 2 it 4 B 5-8 R R A et
ZEARALL: A AR ST W PR AR T 23 S 0 R B = AN B

A BRI (R P

B. TR AL, AL n) A e S T T A A B

C. AW A T TR0 7 ) AR K

IR I LAY BE R 4, BERH L 4 W R IR B A A, dERER A AL
P S B 1 5 B MR L 2

H5E b, Pilling 5 Bedworth 1E 1923 {0 f5 561 B B T IR 5 B A
S BH - AL T S bR T SR R T S I T
PRFAEL (I8 EFR A PBR) KA 4 Ak IR s v 30

¥ 1mol )& MARBUAV,, AMEIIEBAV,, . HTV,, =A/d,
(G A& EIET =, d, WEEERE, WA ENV,, rTRIE N

V, =M /(n +d_) (5-3)

v NEMY &R IR T HH

51



il -2/ 18 S FhE ERERYIRREERET

d, R
L, & BEAEBREEAMRAER 2t (PBR) " (5-4) FKik:
PBR:%:(M «d )/(n *d., °*A) (5-4)
M PBR<I1 W, AR e SEESERE, SAEA LR,
M PBR=1 I, w] JE R e S S A E A (4 S A
DL R4S B AL SN, M EuEAN I Cry Al Si ZEFI5CER ) KT
SéronE, W EREEAL, T DL 4 I L b v pe O 7T, BEAEAN 2 I
TERTE B[ & Gt R BN RY B, &8I0 R 00a — M /ME, R KA
EI, ARSI A e e 38 i 78 55 4 )8 R T . MR I Wagner 23 28541 75

[78]
1
7K _ )2
N, = ! > (5-5)
16z,c| D

A
N,—E&I05 A AT s AR AL
l6—5U 14
Z,—A s
C—Hf AR A 41T mol JR 131
D—44 A AUty RS, em?/s;

K, =(Mj It (5:6)
S

K, —%U64 A0 A KM 8ad w4, ¢ om™s™s

m_iﬁ’ g

S_ﬁiﬂ:{’ sz;

t— R NITE], so
RIE AL (5-5) ARG Cr AE@ICERI, Nah 18%. FrLALL Cr 4 E M)
MEe, 2% Cr>18 I, Sa% a4 i Cr0s Bt SalPiaiuiine
AReik B, XWEVTFZ EiREGe Cr S 8EE KT 18% MRz —.
ARSI R ) 3161 BRIEAKY K E 2RI A Feu Cr. Ni 8870, SEhr
AR T Ee M. R A E A EZE A SOV AT
2Fe+0,=2FecO (5-7)
3/2Fe+0,=1/2Fe;04 (5-8)
4/3Fe+0, =2/3Fe;,0;3 (5-9)

52



il -2/ 18 S FhE ERERYIRREERET

4/3Cr+0, =2/3Cr,03 (5-10)
1/2Ni+0, =1/2NiO (5-11)

A ALY FeO () PBR= 1.78, Fe;04 1] PBR= 1.20, Fe,Os [f] PBR=1.02,
Cr,0; ¥ PBR=1.99, NiO ) PBR=1.70""), 1 ik s PP E b )s, A4k
BN N e E R (WK 5-8), BRI e T4 i i A0 B 4 1A% o
N AR 4R AL AG-T B 598 a] LLA HVAKR 5 406 R ) BT K T4
B, PUAEAEAGTF AR I 5 S TE B CraOs, R, CroOs J2 il T ME— &€ 11 B 4H
BAEAY), 1 H. CrOs IR BUAR B L NiO. Fe,O3 « FesO4 + FeO DI e AL
N PRA AR R A 3161 BRILHA R RKh Cr T &R 16%-18%, HeHEATE UL
B () Re i o B R AR AL . IE DA RS UE TS CroOs 1R R R T T 14
PP, AL AHAL T R T AR 20 T T SR S R, AT BRI T AR, e
AN AR 2 AR, MMAE A ke 45 1R Pt il e PR e R 4

SR, 1 Thedl i R i A AN nT Rk A A, S HILBe SR (Fa AN
WA B NS AR AR . . BREE I RIE DL, — e A AN AN
IR IS, o — 5 TR 2 A A3 Jo &5 AR v il AU P 3 T T T R 1) AL AR B A
ali Cr 05, B, HARLL 316L Ky AN A & o IS H 4 AR I b sl A8 A P AN
SR o ARG SRS A T SR AR IS E IS Cr 3] B, a2 Ui Cr 7517 9K

0
Cu0 K0 zno
~10 Elf)ar’-’ Na; 0
Oio/ FeO

- 20 Mn()

CI;DQ

IB,0s

- 50

AGT/(kl-em™?)
& =
\E\\\

-7
i

300 800 1200 1600 2000 O 400 800 1200 1600 2000 2400
T/K

B 5-9 RAudh 45 BRI LR A b AR AL

53



B RS REYIRRETEREITT

Atk & mg/g-min

AR F mg/g'min

I 1200°C
M 777 1220°C
N (I 1240°C
S 1260°C
E=31280°C
210 10-30 30-60 60-90 90-120
¥ 18] /min
@ 5- 10(3)22[;] g/EEI,LF T%‘J uuué!]i’f&ﬁgi
0.35-
0.30] A B Glum
0.25 7777 50um
0.20 Y 44um
T E=37um
0.15-
0.10-
0.00 N Wy mos |
0-10 30-60 60-90 90-120
B [8] /min
B 5-10(b) B K12 4] b 4 Bk ik
0.204
1 - 2%
0.15- N V5%
Y 10%
] E=15%
0.10
0.051
] \
\
0.004 |

A1k £ mg/g'min

0-10 10-30 30-60 60-90 90-120
B 18] /min

B 5-10(c) R F) B A2 K4 4] on ) ALk £

54



il -2/ 18 S FhE ERERYIRREERET

il &, W4, fERRGIREF L ER Cr SIS %N, MBI TP
ATk BEAS SR IR L BRI (M) TE B, AR T AR AR B 25 I R B SR I 5
BRAARAE il AL, X Cr WS IGO0 S S8 A e il N A e e PR 3
% CroOs, ORAPIBE,  INITIE BN > AR s . PR S R s
(1 H .

Kl 5-10 (a)(b)(c) M ANFIBELILEE - ASFIR AKLEEAS N B ¥ A Fr 5 6l b 7EAS
[N [A] B N A A A AL ], AN A ] DU H B A A IS TR S, <6 e A b Tk
FE A Mgk s RIS AT LU, Beghild FEmEe mr, B ACKIAR 198 LA
B By KA R T AR AR M A 2, Rl A — & &&= B W AR)S,
BRIEIR PP ERE W] AL T RSN B Ry A o X S50 30 5 5 i T f 2
W ATA— 2

55 KE/NG

AR 1A AU S VAT TR N il LA TR e, B T A
T EXRMARS AR R EALVE (52, IF BRI B3 T IRBE S A1) e i 4R
WHLEL K5 Cr IR ISR e el A R R S o T2 BRI 45 R h

(1) BEEilh LIS ey ORI 1) PR AR i by ACRLAR (R INAT A - B ARk
SR IIT LA, TR s, St tERg.

(2) & Cr BIFURIINAA F T3 it iR KT e e, BRI <k R
(K1 7724 MERE

(3) 3 Cr #INF Al S I IRBE 4G T il SE A PERE M IR A, %S N FFIAE
peaid B seiede, i PR 7T etk AN R Bk BRI G B0
T ANEG AR BE A N BL AR IS BRAS AL il AL, 1% Cr 805
WA S A A i AR E PEI U CroOs, DRI, 1T 2952 7>
TAEHHIEE . BRRBEST R R AL 5 1 H T

55



il -2/ 18 S HNE SRR

6.1 &it

AR B T BA B I = 4E B FL S5 B B0 s o BN L (M $
T A BE MR IE A S B 4% T2, RN WETT T M b il b il ik
B, AR e L il P PR it 5 b (R A SO . BT T 2 SR

(1) FAEEAA R S I A s R A — @ R B AN AR, AR 2k
1 s 1 7 AR R B N Ak R ok 1 288 IS VA 2 VLA T ) ST I A S 5 S X T K A
HHATASRAR Y e s, nl 1S EAT — 43 AL IR 45 F i Bk v v

(2) TERTIRAARTS &k R, X AR T A EE, A B TR AL R 345 o
i, JWEALING: ah, TN S 40 T BRI NS 2 s T AR & A HE Y
VEFARIRLIA TN OB 4 T LR R AT s R SR A4 b (R SR S R 2R TP s
TR FEE (1 14 DT 384 0, ot b ] 558 PR 38 KT 8 s 00 s 200 i 9K A A Joe &
PRI BESE A . XX AR EE Ry 0.17 I, FLEHa T4, HAMEE D,
B REUE L 3 IRLAE, BRI ROERR N AN, IF IR NIRRT
I R A LL R 8 A

(3) 2R IEL A IO HE B0 ) e 5 BRI YL A AR ) N R Y T T 5 RORHE AL
AR BRI N R IR RS sk N 3 OK s 2 LRSI IR I R LR B R BHR
NIRRT, T s A P e

(4) AR FURL P PRIAT AT P 4l BUR A FR B A B35 s, Ry AR, Riinis ok
BOK, RESIRE) R, BURALRRE RSB, LR, P R RO
ANTRLRLEE R A Joe 4515 20 1) 22 SLBR R IR TT FL A AR A UL /AN , 1758 5 1R 728 4 At
N

(5) WTHTIRAAGess T M FURIN, 2 ALK HEALIA IR Le e 2 2 it il 52 1) T v
MR, FFALFLBR AR BEULE () TH s b s P s (r 1200°C 2] 1260°C 2 [A] &
B T ), SR 1260°C i, e o S o B, R i
[FDRH ) i S S A 2« AL RN TS 5 B (1) 5 W AT e S5 I P 2 i I 4 m Y, Bl R
WIS TR RE K, el il i R e e 4 2 MG R, PUas s BE IR, FALARPRAIC, A
e FE I 28 (R DRI N 18] 8 30min; 7ERESE BURLH S I & S-S WA ) T4l i 4t
R (K4 R . E 1260°C YL N4 30min B2 A48, HA R =4k
WMALEEK, HITFLERN 81.2% , PS5/ N 51.72MPa.

(6) EAh I E (I3 i« DRl o 10 11 B KR JE Gt by AR A2 R0 9/ N A R T A ik

56



il -2/ 18 S HNE SRR

SRR, DA i, SRt tERg: & Cr iSInIIRImAAT
AP iR PR PERE, BRI SRR AP Re s & Cr iRy ok
SRR YU AP ERE R SR R, s I e e R A S A, AT
BHAE T HUEACTEREAN SR BR S BRI AT RE, sk T ANER AR A 2l I L
MRS RESMAE sl AL, %% Cr IR I SE A A il A
FRUETEMEGE CryOs, TR, A SFNHIE > FAE R REE . b4,
PR AR AL 1) H

6.2 RREE

ARSI TR — o Y R B AT = YR AL 45 0 e i < Y IR R 5 2
J& T ITCIPERFIT. i I Ta] B e e Skt 2 AR BR L, 547 1F 22 1K ARAT IR
ANWEIE . ARYE SR R b 2 g R 2, Rrdfe th DU N, It — Bkt SR

(1) XFFRORHI AL S5 R S SLI RN Rt — 2Dl o ARS8 XU ST T #8
RIIFALA, X AL 2K N ERALIR (A B S MR M RE AT 1
Scias 2 Al

() MBI AR R RIE A Ryt D 5838 « ARSI EST T HAT
BOREE, XAEHRILE ) e RERAEA S 58, AR ] DUEEE— 2P E,
R GBI 722 PEREA DCIBRIK M DR 5%, 38 T 5 56 45 H sk HH AT 1) 20
KA WIDFRHOEOW ST TIEIT, WA A, b SRR, <AL,
2T SRR N R AR, ORI EE )l 0 S PR RE R

(3) AR R PR PR REIEAT R RN IS A (OE A R
800°Cilit & I AU S AL IE O A4 RHR L il A PE REEAT THUER, I8 A7 B v (1L
FE N PR RE S 5 5 A0 80 ARt S MR T e AR
JERRBE T UnA, AT Rt 2B

4 R RIR BB T TR R . e mb R R & m N ST
HUPERTRC 1K) 0 22 R e, XORATER R R AF DT roE g, BB BLEAS 21 2 A,
DRI AR N DA A Y IR < e i 2 14 T R AT AR PR I P s, mT AR TR A5
KRR

57



il -2/ 18 S 27 3k

[1]

2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

B33k

Sosnick B. Process for making foaming mass of Metal. US Patent 2434773.1948
Ellioty J.C. Method of producing metal foam. US Patent 2751289,1956

D, KRR, R 2 UM B RRILR. A SR A RS TR, 1997,
26(1):1~6

Bt B AR RN RE[1]. ERDUR S RHER 22 4)k, 1998, 21(2):154~160
XA, 2R, ik, B W, 24L& BRI M. DhRest kL, 2001, 32(1):12~15
T, K, SR 2GRS BUITHINIR & . 5 RS IR B
2241,2003,24(1):54~56

txA, TR, 177, FH 0 2R R TR RS, K5
I HUBRS B 5441, 2002,23(1):73~76

MR, YRR, SEAR, W19250 WIRE R DT S ML ARG 4
HA, 2002, 20 (6) 356~359

AR BRI RIS, EORL S BT s g = Bt B i, 1999, 2:
85

WRa, xilrhte, AR, AR, WIRE R R AE . ag B il £ .
R TRS 4Rk, 1999, 1: 33

R, AT KSR BA . e SN . KIERE 7 B
. 2001,(22)2:80~85

John Banhart. Manufacture, characterization and application of cellular metals
and metal foams .Progress in Materials Science .46(2001)559~632

Fielder WS. Method of making metal foam bodies. US Patent 3214265,1965
Hardy PW, Peisler GW. Method of producing a lightweight foamed metal. US
Patent 3300296, 1967

Niebylski LM, Jarema Cp, Lee TE. Reinforced foamed metal .US Patent
3940262, 1976

Wood J. Metal foams. In: Banhart J, Eifert H, editors. Proc. Fraunhofer USA

¥

5
S

Sympo -sium on Metal Foams , Stanton, USA,7-8October.Bremen:MIT Press-
Verlag , 1998. p.31

Asholt P. Metal foams and poreus metal structures.In: Banhart J, Ashby MF,
Fleck NA,editors.Int. Conf, Bremen, Germany, 14-16 June. Bremen: MIT
press-Verlag, 1999. p.133

Kenny L.D. Mater, Sci, forum, Mechanical Properties of Partick Stabilized

58



il -2/ 18 S 27 3k

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

Aluminum Form [J], 1996, 1883: 217~222

R, Wi, D, WRIR. WA I AR I B R R R BRI AT, A
aJE R, 1998, 8 (1) : 80~85

Miyoshi T, Itoh M, Akiyama A. Porous and cellular materials for structural
applications. In: Schwartz DS, Shih DS, Evans AG, Wadley HNG, editors .MRS
Symp. Proc, vol.521, 1998 .p.133

Shapavalov V1 .Method for manufacturing porous articles. US Patnet 5181549,
1993-02-26

J. Banhart. Progress in Materils Science .2001,46 :574~579

JATa B, Jeipe, XL AR, A iR R & SR St e, MBLT R,
2005, 19 (9) : 62~63

ZEDCIN. TG S ARAA R AL L W E . W AR Lk, 1996, 6 (2):
36~37

TR AR A LA LI I UL B KR AR T AP, 1996, 3:
32~33

MR, EEL,  Zouik. 3161 ANEEAE LA RA R AT KIWE . AR
FHT 2, 1998, 6 (2): 45~47

Martin RL. Integral porous-core metal bodies and in situ method of manufacture
thereof .US Patent 5564064, 1996

Fischer GW. Porous Metallic Material and Method. US Patent 3052967, 1962.
Matsumoto I, Iwaki T , Yanagihara N. Battery electrode. US Patent 4251603,
1981

Kunze H D. Baumeister J, Banhart J, et aL. Powder Matallurgy International ,
1993, 25 (4) :182~185

M, SN, MR X B = IR A BOR N BB B . Th e
$1,1997 ,28(2): 115~121

sk/ANBH, FR4RZr. Bl SHS L&A TiAl « TiNi. NiAl &EAEY. Wf
GJE, 1995, 19 (4): 272~276

wELL, I, BRIOP. G ORI SisN, BB REIBIIT. 5kt
B, 1997, 18 (3): 112~116

R, g, MRk, EWHR, KT, sk, BRE ASETZ
ZHON TiND &< 2 UKL SRR 52 m. AR RE Y 5 T, 1997, 5 (1):
1~4

KK, BOH, WG, A SRR & R YIRE &, B R iR ok, 1999,

59



il -2/ 18 S 27 3k

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

17 (2): 130~137

Jilft,  WISCM, kK. YRSk 4 gt R a4 JE SR 5T A AR B S L 4%
FHFEER, 1999, 44 (6): 608~612

FiH, WISCME, SKkFk. 0 H A il a = YT S ) 4% 1 1Y 55 R B S S b
R EIACHE R, 1997, 33 (7): 779~782

SKANE, BRONZE, B SHS 32 & m fLBRE TiND & i & makk
THE, 2000, 29 (1): 61~63

FNiE, HAE, PR EYBERZ LU TN BIRSIZ & RS .
MOEMIFFEER 5 2000, 14 (6): 561~567

SRS, WA RS R IRIIEE. ThREAEL, 1996, 27(1):88
MR, FLA 8 Siox IRAORAE I A . Ak TR, 1996, 20 (5): 14~17
THE, R NUHE. e R S 2 AR R L R L RCR . | M
A EEER, 1996, 6 (1): 57~61

TR B ROE R ZERE Al RO T 205, 145, 1997, 3:
40~43

MK, BE, PEAK, WhEEE. A 2 28 A A Pr i I A T e e AR
SGEe. BRRIEEERE, 1999, 12: 1379~1382

COHEN L, A .Power W. A. and Fbael D.A.mater.Eng,1968.44:67
CARTERV.E.Metallic Coating For Corrosion Contral. London; 1977

GABE D. R. Principles of Metal Treatment and Protection. Oxford Pergamon
Press, 1972

B. Kriszt, A. Falahati, HP. Degischer, Machbarkeitsstudie zur Herstellung von
Eisenbasisschaum. in Metallschaume, J. Banhart(ed), MIT Verlag, Bremen
1997, p.59~70

C. J. Yu, H. Eifert, M. Knuwer, M. Weber, Investigation for the selection of
foaming agentsto produce steel foams. Mater. Res. Soc. Symp.
Proc.1998,521,145~150

C.Park. ,S.R. Nutt. PM synthesis and properties of steel foams .Materials
Science and Engineering,2000, 288:111~118

C.Park, S.R. Nutt. Effects of process parameters on steel foam synthesis.
Materials Science and Engineering, 2001,297:62~68

C.Park. ,S.R. Nutt. Strain rate sensitivity and defects in steel foam. Materials
Science and Engineering, 2002,323:358~366

C.Park. ,S.R. Nutt. Anisotropy and strain localization in steel foam. Materials

60



il -2/ 18 S 27 3k

[54]

[55]

[56]

[57]

[58]

[59]
[60]

[61]
[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Science and Engineering, 2001,299:68~74

G. Rausch, M. Weber, M. Knuwer, Neue Entwicklungen zur Herstellung von

Stahlschaumen. Materwiss. Werkstofftechn. 2000,31,424~427

JiRey, SRR, B R ATYERe A IR SLB A SEM AT, ALK

K- By W, 2000 (36) 6: 258~259

EIRIR. <6 Jm 2 Y be 4 B uE A L g 1k se R N H]. 985 70 5, 2003
(13) 1: 26~28

Ambrozio Francisco, de Lima, Luis Filipe C P, et al. Preparation and

characterization of stainless steel filters. Advances in Powder Metallurgy, 1992,

5:439~444

Anon. Versatility and strength of sintered metal filters.Power International, 1989,

35(406): 94

BT AR SRR B, Kb R DR E AL, 2003.234~235

FERRIT, XAE g . 5@ o B b B B e RV T K A A

1998.156~157

KA g M AR be B 1h<a Dl HihAL, 1998.12~16

Zagar L et al. Material Science Monographs: Pejovnik S and Ristic M

M[J].Sintering —Theory and Practice,1982,14:75

TR OB BB g . 0 ARIR 2 LM B D). 188 Tk i hictt,

1977.61

FASH O BT . 0 ARG e 2 SLAPRHC ). 30 Tl AR

1977.106~107

MO, BUERHE, SKAI BRIEIIR 2 S LA R B8 L RE R W 2 B S 9.

WG SRR R: 5 TR, 2005, 10 (2): 128~132.

FAH OB BB g . 0 AR 2 LM B B, 188 Tk kit

1977.119~120

G. G. Goetzel: Treatise on Powder MetallurgyV.1.Interscience, 1949.256

TS AR B GETRO bt aa Dbk, 1997.283

SR BRI G RO bRt e DIk R, 1997.287~289

FXGH O BTG 2. A ARG B2 SLAMRHC B35 6 Dkt kckE:

1977.114

FAGA OB BT g 2. B AR B2 SLARHC T E).I6 6 0kt ik

1977.69~72

R SRR R DI TE N N = Rl 28 1Y i G w1 TR | A3 T

61



il -2/ 18 S 27 3k

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

1977.139~141

Capuano G A, Dang A. High-Temperture Oxidation and Thermal Cycling of
Aluminum-Electroplated Stainless Steels. Oxidation of metals , 1993,39(3) :
263~279

AHE, VAR, FEERE mil U s ARl i EEERRAROR
HARAL, 1995.340~341

R . S R A R . Jb st A2 AR, 2003.15~20
Seong,Byeong Geum,Kim Kyoo Young. High-temperture corrosion of
recuperators used in steel mills. Surface and Coating Technology,2000,126(24):
256~265

Cekada, Miha, Panjan. Comparison of structure and chemical properties of
Cr-based hard coating. Surface and Coating Technology,2002,151(5):31~35
MR, G Jm b, Jb . JbRTBE TR R AL, 1995(12): 48~5
R . <5 i AR BB . et At T H Rk, 200352
PIEH, ANAR, SRR, mYE BRI Y AR BIbREA i A i REIA.
TEA 8 E R, 1998, 8 (1): 56~60

PRk . 4 A AR k. bt s Dl R, 2003.130~135

62



e AT JC A 393 1) 32 SIS R

WO hn A0 A 8] £ E/ RAR

SO 3T ) A 2R (R 2 AR S

Vi NSV S B A 0 U/~ ) . 513 7 S ot I K ) e =i L o S R
#®, 2005, 19 (9) : 61

R e AEE el BE SRR ERE R . My RKie SR (2
o

FIa B, e, 2. mir R ARSI BRI IR R RESE . AT (LB R R (2
O

J I BH, e [ AEEh. BRIEUR AT IR 0T 5T, sCDOH TRl (2
AV

X.Y.Zhou, J. Li, B. Long, et al.. The oxidation resistance performance

of stainless steel foam with 3-d open-celled network structure at
high temperature.(to be published by Material Sciences and
Engineering A)

RENT

3K 2004—2005 24 “FmEHTRA” S

LR

— P B =4l fLIRIAR B ESIR I 5 . G S 200510032174.7

63



LERR0AT s S

B

AW IOEAE RIS AR (W) MR HEEER () ME0HES N5
JRRT s P ITHBUR IRITR 5% 7« P A6 2 A8 5 S DRI A AROROR b2 A
RIAB SRR 32 i HE v, FEIE AR RIWFG AR, P I ity 2 ) o 5K
R AR SO B S L 1R A OIS 38 5, IFHEER BT 7T RARKAH B . 6
PRI SCERa 2 b, T4 1) 87 2 DT s 2 (R SRS o

IR e S b A AR SAE ST Y S i X5 22 BUETR I IRk
BN v IR R

FESCI IR, AT 7T SCHUREL . B AT XA R 2 BRI R B,
AT e e s HE G, AR A AR O R el

% R Y SN N o T R B 1 T AN = R BN | X e 7 S P
SR ILANAT 33 By o S B [RIAE AT S oI 2 >0 AR A 358 1 48 (S Ui . 2 AL R ) SR
AN HEB o

FEX AR SR T, FRIWACRE IR 4T T MR IR0y Sah A
B, BAARATIAT Bt SO LS, AR AR AT B T S o

64



