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O LIEk. 2K, NaCl B ACh 0B, RGBSR ER S 70 Culiid Iny, [ i ZEHUBGE BT DI AR R 15
BIBRIE EF 5 (K NaCl/hER, SR )5 48 il R 45 SRAFRAR A0 A L 2AE 0.4~2.4 mm, R ATA LEMIL (FLAE 10~20 pm)
HAE AR ) NaCl/hER o JEHT 0.6~1.0 mm (¥ ERERAE 4 35 £L5), FIAT Autotap ZE 8K iy N “ERPR 7 2211, 28 200
MPa ¥ I BB SR AR, R G RS UROK PR s Sh BRI IR 25 B, d )7 460 "CTRBESE 2 h B S5 W mT i H T ZEILE
IR = ST LR S, AR & E S AL 0.217 Tl 78.3%. HPARSE Ml 2 [) 34300 7 1180 P-4 4~6
A, & HRSTLE 120~200 pm 2 0] g gy -A7 8% 23R W, HRERAE IR R4S TR e v 22 113 T SR AS TE B BE-EF 1Y g X -1
JIBESER B, RIS MR R R IR AT AV e s Hoam KPR IR 5 IO 73 5352 2.42 MPa Al 0.38 GPa.

KA. AL ERER: WKE; MRS MRS
hEESES: TF125.6; TG146.21

XEAFRIRAG: A

YEHS: 1002-185X(2019)10-3275-07

WIRM EHBAR Z AL R, A %R, LB
LA g e 5 H S AR A5 2 0 BRI LI S5 T
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Jei AEAR L T K Ao T 5k Ak Ao ik R 2 4 4% & LA B 2%
B H I, S il e 48 o s X Ah 7 206 FLIT R0 5
FLARA AT 4 0, A JURE 20 0 5 #1 TR A 5 e 1 BT 15 R IR
T2 A 45 1) b o A7 AT — e B W AL, 7RI 22 B
PR S I R JBOR R A, 28 5 AR &5y R A A st 17,

i HEA: 2018-10-29

S e RS P I 1 A P RE . TSR] NaCl it A4 A3
£ 11118 P BVRYeY NN 1 e i U PN B
PR AR S R A .« {H NaCl SR SE 77 TR
AT 1 1 22 FLAS LG R 2 AR, [ I PRI T KRR Y
PREIETE N, S EULE 2 R FL R I A A A ARG, A
P FLAR Bk B AE R P e (R R 1 T, 3 Tf £ Jpe 45 b B
Ji NaCl 0 SR BHA B IS 556, Fritii s &
NaCl LA RGP 3 IS T A, XK IR 2 3 Bl
AT BRI PE 2 IR DRLE, RT3 AL
FUTCHAT R4z 1 2 FUM R G580 55 0 2 g0,

MR R L2 A HOB IS LT, T RASRAS £
PR ST AE S BT SLAS R, il e ds LR PR o
figp PR3 i) Lo K RO 3 L R e « 2818 7K L NaCl
Fr iRl A, AR A A U N HEAT BEPE CER A AL,
Sl be i3 FRARLE 1~7 mm [ NaCl Bk, XFpP T2
Pl R BRI R IAAAE @ O M AL, A3 R PR
ft e ARSI AE AL BRI NaCl 4% T 2 Al b,
BT R AR SEARMI T SR 2 AL AL JEXT
SERFIVE REEAT ISR . Z IR B T e 2
FLe RO IT Al 45 i B, B B i

1 %X I
1.1 NaClBeads (E¥k) HI#I&

EE&ME: EXARFFIES (51461029); HINAFRHEE K LI (1602GKDDO012)
eIy SRR, 55, 1977 44, 4, @IEdz, ZMBLTREM R S TRE2ERE, Hol =20 730050, HLif: 0931-2973564, E-mail:

Izhjiajiangang@163.com



- 3276 -

Wt &R TR

848

KHVER . MK FIRL 427N T 100 pm ) NaCl ¥y
A JERE, K2 g vER . 10 mL ZE1/K M1 40 g NaCl 7
M R BHR GG, /£ 4 CFJHCE 24 h 808
I ()45 L 78 40 Ik o HC— AN 600 mL Be#R A 200
mL A, KRR TBCE AR & B 70 Co
HAIADKE 25 P 2 BOR 218 N BERR, L 1000 t/min $5 3
I 7 min, RSN UB R SR AT #h 3RBORL, 7] I
RS A R R miR S R B PR AT
SRR o MR 25 5 Rl g8 I P B AR R Bk
Rlnmys . RAFE YR ERERAE 740 Cheshi 6 h
JEBERVR AT, DAL BRERBRPER . M i A LR
55, JFME NaCl #hEkkedhtfift., L4112 2400~400 pm
(8~40 H) FEMTEIT 73, AISRAFRAR AT AE 0.4~2.4
mm [P35 Rk .

1.2 AIEZFLEMMR

I 8 g &0 4 Ja RSF#E 0.6~1.0 mm [ $hER%E N E
£ 25 mm FPANHIBCE S (i 1a Bros), FIH
Autotap & 5% 43 BT 0K 2R 3K E S0 TE Bl 1 R 2 1)
CERIR7. SR HEN 3.2 g FORY R LT, RERE SN 100
DO — YR BRI RS i, L 3 T A
RARBARAN, SN BARERER T “EIK” [k,
ZIS R 16, 1c, 1d Jis . S8 J5 0B EL it in 200 MPa

Al powder Deiise

>4 mixture

B IR R SR R R

Fig.1 Schematic process of foam structure construction

K1, SRMREREER KBRS G IHLER, AR
KIML 800#HP AR B )5, F B KA 18 AL Hh 3RS
CYETEE IR R BRI S SR
460 CHELE 2 h Ja 13 BILIEK AL A
1.3 RIEAHZE

) AR B I AR o 21 A1 6154 (Nexus670 FT-IR)
X250 CTHE 12 h b St b3 2 )5 Mest 2
Jai B ER BREAT LL ARG A I s R A X BB AT 37
AR T BT (JSM-5600L) W& EhER ATV IL Al
FEEE T o 1R 2 ARV TS0

FIRGEE A 0.1 mg 1 HL R SF B o VR AR 8 1Y) T 6
R AR R RO & EAR 5 5L R, ki v Sk AL BURE Y
T L IR po)s 2 FLIRFE1 22 10 %5 B R H 4l 2 1
FCSEE CIRAE p), WAL R (o) SAHXS
B (polp) Z KR RIR K e=(1-polp). FIH
LR B 7 T BERIE AL (MTS E.43) IR 2 fLikFE
s 4ivEfe, o 24 0.6 mm/min.
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2.1 NaCl Beads By FR{E

Kl 2 oA NaCl B (1RLEE 43 A K0 22 00 K Bom T
o JLP K 2a L i A B Eh Bk A FERIAR A3 AT . T
DUE H, Bl i h ek RAERE . Goih BoR, BRARTE
0.4~3.5 mm 2 [A], H A R ER B4 AE 0.4~0.6 mm 2 [H] )
25 10%, 0.6~1.0 mm %] 40%, 1.0~1.2 mm % 30%,
1.2~2.4 mm £ 15%, KT 2.4 mm &) 5%, K 2b 24
B4k 0 4 I 1 2 IR R LB b s e IR S
AR s A, RN AGH, EITWE B 4k
e N AN NEG O RLAR A AE 0.6~1.01 1.0~1.24
1.2~2.4. >2.4 mm [FEEER. B 2¢ A& 2d 5510 0 2 ER
£ SEM FJUK 60 /%581 300 50 /E50. W LLEH, #h
BROE RLEEZ) ) 75 pm ASEEIU) NaCl /) 44 28 B 1 1,
SRR Z T R A #, A — BRI AL Y,
FLARAE 10~20 pm 2 [A]

Kl 3a 7t T4 T 2h L i ab B2 )5 1) R BR
JFe sl 2 Ja R BRI LL A G 1, 1] 3b Sk R BRI 4% i
R K BIEN Y P . ek e —f%
WREY (4t 3b B B, Ha R nh
(CeH19Os)n, J&—Fp/NuIREELE AL, A5 1 Be A
C-O i, 323 (-OHD, WHE (-CHp-), KFEFH (-0-)
5 TR 3 2 W) R R B e SR E (R-O-R 6 JE B
R-O-R'f{y W 35538 35 HELAE 1125~1110 em™ [X[A], ¥R
ik S HEE T C-O B (A 44k ) — M IRAE 1150~1050
em” Z ], IXFE 2 NIEP RS S RAEER,
K 3a 15k EiY 1150~1070 cm™ 2 [A] £ BLE K ~F
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Fig.2 Particle size distribution (a), macroscopic (b), and microscopic (¢, d) morphologies of NaCl beads: (b) OM morphology, (¢) SEM

morphology of salt spheres, and (d) SEM morphology of salt sphere surface
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Fig.3 Infrared spectra of NaCl beads at different stages during
preparation (a) and molecular structure of starch and

unsaturated fatty acid glyceride (b)

2.2 ZFL Al BIEHIEHI SR

Bl 4 0 2 L AL 2% 1 A S o B 7E v B )
A B AR, BB R &R (WK D BEES)
BB . TRLE W, 3 A PAT IR R sl
P rhoR A4 BE TR AR AR LT 58 4 3. BEH RRBhIN
AT, AUB WA R BRI 420, H 2 &R A TR E
Ak SRIG 2 200 MPa R4 [k, AR T g4kl & 2k
A VBYEASTE AN SR AT S50 AR5 R 3 e 1) 3 S AR
H T JRAIRES R IEFL AN A A e HE8), Al 30 2B
T LA S IR I A A 25 R N S R R T B3 A0 A AL
W, WG LFES “EH” Rk, XA H
LA B B ) T VA R 3G EBLYE A i 2
FLgi el

Bl 5a Fll Sb 43 5l 2 28 75 SEVA e I 6 A8 2 A 7 A4
WA R EOR 10 A5 1P iAW 2 B . B Sa
BH S AT O B R ok R (R S B AT, [ R KBRS (1
£ B U TR SR NN 10 = S £ L) o T2 VB- B b 9 e i}
(1 R 3k L7 -B R Bk 45 K 2 4 B S S R A SR 2
AR BRI BR A A AR — 2 45 k) T S Bk ) R T

Tapping Number
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Fig.4 Variation in the height of Al powder with the tapping

number
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Fig.5 Optical morphology of surface of cold pressed parts (a); cross-section morphology of cold pressed parts (b); macroscopic

morphology of Al foam green parts (c); simulation diagram of space holder-powder distribution (d)

Kl 6 Bediitd iR A1 I Wi 2 M2 SEM B3R
Fig.6 OM (a, c) and SEM (b, d) morphologies of surface (a, b) and cross-section (c, d) for sintered Al foam
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Fig.7  Load-displacement curve of Al foam (a) and pictures of

Al foam at various stages of compression deformation (b)

(1-8s,2-40's,3-190's, 4-265 s, 5-373 5, 6-490 s)

6d) L[] zAH, X P Ab T 52 R ) A Ak BT R A AR TR
(RIS g 2 1, R PR 4 i 2 A n 3504 45 s —
L PEAR AR,

s 7 ASE S8R 250 5 FLR R AR AR TR I, 4
L TFUR I BORR A 32 (B R 7 X BT G2 X 4k oy 43
B EAC S 3 1.2 F10.92 kN, e /7 X 7=
AR AR I G 11 D DR gt i LR UK L8 TR PR A R T 7
VB 2 18] A7 A8 (1) 326 38 7 115 BOUF I FL IR 25 89 55 5L
BE iR R AR S PE . BT RS R R TR AHE S, K
FETIZ e HE 50 (0 Bl I 7R 2540 5 FLAR TR AR S
A TE, HARRYERG, FHOE)ZALTAAIR R .
AR X P AR T 8007 2B o7 B AN R 4l B, A LI B )=
KA CHLIE 705 RE B B )AL IR 25 40 7 s 4 i 7

T iR, LSRR S AT BB A LR R, DRI 3 R
it A L SR B BE R g [ 01610

PN I Be 2 S5 4 ih Z T iR b AR R A
Ko XS i T AL AV S 35 WS 22 L 45 R 7 1l % si2 5 4
i S BN S BETHE02 . SRR A 0.2% %M A PR
I 7 Ak TR e s 5 54 PG ARE B 43 Jii) o 2.42 MPa F110.38
GPa. X T B A6 v &% R AR &, K FLI
23 KON BRARAE R 2400 NI DA K B s B, DR d R
RS SO AR H DL B 5 i T R N 2 1,

3 & it

1) BAVENS . 780K, NaCl ¥R N5k, WA H
BORAR E G AE 70 Cutgrhomh, 5] IR AU
BUDIIAE R W& BB B 1 NaCl /NER, K5
2 il e 45 v LURTFRAR /0 AT 22 AE 0.4~2.4 mm. &
I 3 AT A DAL (FLAR 10~20 pm) L4007 5 1R = 1
NaCl /NER, BRABAE 0.6~1.2 mm 8 [F A% /N ok £ Bk
7 ELIA BEAA 1) 70%.

2) W EREGEIIE R “ERIK7, MBS R T
o AU N “ERIR” 8801, ¥4 HJaf BBk R 13
B AR R, T8 g Ja vl 19 B fL 454
IRMEAR = VR AL BFE .

3) LAEAEA 0.6~1.0 mm [ &5 3R i 7L 70 1 4 1
IR AL 3 R S AR X3 0k 0.586 g/em’ Al
0.217, FLERZ N 78.3%; il 1] (3% i & 1 R~ 7E
120~200 pm 2 [i), H AR 2 )6 & A7 4~6 AN IEHEH 1.
TR M 45 A8 T ok R o 22 )0 T st AR TR B B - 2P Y g X -
Ny BESGI B, 2RI H L B (R K 4 8 e 4 g 2 kg
5 o, L R P 5 B ) FGARE  43 53l 2 2.42 MPa Al
0.38 GPa.
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Pore Structure Control and Characterization of Al Foam Prepared by NaCl Beads

Jia Jiangang, Jing Yongzhi, Liu Diqiang, Guo Tieming, Ji Genshun
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metal,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Starch, distilled water and NaCl powders as raw materials were mixed to form a colloidal salt paste and then thermally treated in
70 °C oil under vigorous stirring. Then highly spherical NaCl beads were obtained under the shear action of a blender. Afterwards, the
“fried” NaCl beads with a particle size distribution of 0.4~2.4 mm were calcined and sintered at 740 °C, and thus the high purity NaCl
beads with small amount of micro-pore (pores size 10~20 um) on the surface were obtained. The 0.6~1.0 mm salt beads were selected to
form a “salt bed” in a steel die and the aluminum powder was filled into the “salt bed” gap via a tapping method by the Autotap instrument.
The tapped mixture was cold pressed under 200 MPa to obtain the green compact parts. Then the salts were dissolved and removed in
distilled water and three-dimensional open-cell green Al foam with controllable structure and high reproducibility was derived. After
sintering at 460 °C for 2 h, the final Al foam was obtained and its relative density and porosity are 0.217 and 78.3%, respectively. The
number of connectivity windows between cellular aluminum cells is 4~6 in average, and the window size is 120~200 um. The compressive
load-displacement curve shows that the aluminum foam undergoes an elastic deformation stage, a plateau stress area, and a stress steep
increase stage. The curve manifests the characteristics of foam metal compression mechanical properties, and its compressive strength and
Young's modulus are 2.42 MPa and 0.38 GPa, respectively.

Key words: space holder; salt ball; foams Al; porous material; powder metallurgy
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