Vol. 47 No. 7
Jul. 2019

HAT % 57
2019 4E 7 H 45 35—49 3

Mo TR

Journal of Materials Engineering pp. 35—49

LR eRERB R 2 LIwIeE
Study on property model for porous materials

2.experimental verification
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Abstract; The “octahedral structure model” is introduced for three-dimensional reticulated porous
materials, as well as the mathematical relations of their basic physical and mechanical properties. On
this basis, the verification works about some performance relations, including the conductivity and
tension, etc, are reviewed in this paper. A number of issues were discussed with the emphases on the
practicality of these mathematical and physical relations, the rationality of the correction coefficients,
the significant influence on the calculation results, and the allowable stress and the plastic index value
of the corresponding dense body were also analyzed in details. According to this mathematical and
physical relationship, the performance indexes such as the electrical resistivity of porous products can
be calculated by the easily measurable basic parameters like the porosity. The experimental results
prove this way feasible. Therefore, this method can be superior to the finite element and other
complex computational methods.
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Fig. 1 Samples for testing the electrical resistivity of

metal foam plate
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Table 1 Tested results and calculated values by model
formula on the electrical resistivity for nickel

foam samplest™

No 0/% e/ ! Be/ | Do/or | /%
(nQ+*m) (nQ+m) (nQ-+m)

1 88. 60 1523.0 1648. 0 125.0 8.2
2 89. 66 1590. 8 1820. 6 230.0 14. 4
3 90. 19 2017.5 1921.0 —96.5 4.8
4 92.55 2235.1 2542. 4 307.3 13.7
5 93.52 3033.1 2929.7 —103.4 3.4
6 95.79 4040. 4 4537.1 496. 7 12.3
7 95. 83 4782.0 4581. 2 —200. 8 4.2
8 97.15 7174.9 6732.4 —442.5 6.2
9 98. 38 12621. 8 11904.9 —717.0 5.7

10 98. 84 19579. 3 16665. 7 —2913.6 14.9

Average 8.8
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Fig. 2 Relationship between electrical resistivity and

porosity of the nickel foam samples
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tensile strength test
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Table 2 Tested results and calculated values of model

formula on tensile strength for nickel foam samples

No 0/ % ¢ /MPa o/ MPa | ac/e' | /%
1 88. 60 6.75 6.91 2.3
2 89. 66 6.45 6.12 5.2
3 90. 19 5.40 5.73 6.0
4 92.55 4.16 4. 06 2.4
5 93.52 3.23 3.41 5.6
6 95.79 2.48 1.98 16.6
7 95. 83 2.00 1.97 1.7
8 97.15 1. 28 1.22 4.6
9 98. 38 0.63 0. 60 4.0

10 98. 84 0. 38 0.40 4.5

Average 4.0

B4 BB EE 6, = 317MPa " {E Sy f 17 L W2
W VF R 0 Lo ] i« S TR I M 2 A 5l 1) 3R 00
PUPLIR S AN ] FL A i X Rz 1 B o e 0 3 4K vk
FAZ D it 10 A~— 07 R %R R 8 T3
SERE . R RBCTE AR R 67 FER I REUE S
ST SA AL A A X i 22 1 3 X B S A o A . O R
50 W RVBCHE Ak B ) AT S BEIE ks AR W e i h ik
SHZFE R Ao/c HE AR EAT AT BETERG B0 . 45 R KB,
R IR A5 TE a=1. 020 1B i B A J00 11 1T 58 250405
SE VTR CT D o 70 B S5 8 3k JHAth ST A R i X 107 e 5
T AT 5 B S R E A T (N o) {H 7] ) 5 g 57



38 PR TR

20194 7 A

WRAE T S S BT R R 9 RS I R BT
{E- SR8 4000, HEoRAG P A A L 5521
—[AFT £ 2.

K 2O TN /Y BLIE il 28 -5 52 0 B3 — R s
B4, mTRUAE 2 24 1 BEIE 158 5 9200 45 2R B A
FF O MR R . X5 LR AERL it e il —
SE i e 1915 AR — B30, I 0 SE PR T UE 55 » [+ B, 13
WA 4 Jm B — Bl BoAT P BB P B R

“\ o Testdata
O R Formula (3)
Q Formula (4)

o/MPa
O =~ N W h 00 O N 0
T T

1
88 90 92 94 96 98 100
6/%

B4 W RERATE i 9 BT 5 B S B 5 A BB e 4 S 4k
Fig.4 Measured data and the theoretical formula curves

for tensile strength of the nickel foam samples
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Table 3 Experimental results of elongation of the nickel

foam sample

No 0/% 8/ %
1 88. 60 9. 14
2 89. 66 9.99
3 90. 19 11.10
4 92.55 13.14
5 93.52 12. 47
6 95.79 13.96
7 95. 83 14.91
8 97.15 16. 35
9 98. 38 10. 22

10 98. 84 15. 04
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Fig.5 Relationship between elongation and porosity of

electrodeposited nickel foam
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Table 4 Experimental results and calculated values of model formula for biaxial tension"*

]

v,/ vy/ 0./ oy/ ca/ oa'/ | [Coa"—0a)/cal | / | [CK—K)/K]|/
No 0/% K
(mm * min~!') (mm e+ min~!) MPa MPa MPa MPa % %
1 89. 3 8.0 8.0 5.31 5. 54 5.43 6.07 11.8 0. 296 10.1
2 90. 0 8.0 8.0 5.50 5.62 5.56 5.56 0.1 0. 329 0.0
3 90. 4 6.5 9.0 4.32 5.31 4. 89 5.31 8.6 0. 304 7.6
4 90. 7 6.5 9.0 4.08 5.01 4.62 5.11 10. 8 0. 300 9.2
5 91.3 8.5 7.5 4. 86 3.66 4. 38 4.71 7.4 0. 308 6.5
6 92.0 6.5 9.0 3. 56 4.13 3. 88 4.25 9.6 0.312 8.2
7 92.2 8.0 8.0 4.23 4. 10 4.17 4. 10 1.7 0.335 1.7
8 93.1 8.5 7.5 3.77 3. 10 3.48 3.53 1.3 0.325 1.2
9 94. 4 8.0 8.0 2.99 3.13 3.06 2.71 11.4 0. 369 12.3
10 94. 7 8.5 7.5 3.06 2.28 2.75 2.54 7.6 0. 355 7.8
11 95.2 6.5 9.0 1.77 2.41 2.16 2.26 4.7 0. 315 4.3
12 97.0 8.0 8.0 1.27 1.33 1. 30 1. 26 2.9 0. 339 3.2
13 97.2 9.0 6.5 1.57 0. 85 1. 36 1. 16 14. 8 0. 386 17.3
14 98. 3 8.0 8.0 1. 67 0.67 1.46 (0.61) (57.9) (0.763) (132.0)
15 98.5 8.0 8.0 0.61 0. 47 0.55 0. 54 3.2 0. 339 3.0
Average 6.8 0. 329 6.6
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Table 5 Comparison of similar stress fatigue properties

for the nickel foam with different porosities

o/ o'/ (Bp/p)/

No 0/% w/mm /K
(nQ+m (nQ+m %
1 88.1 2.94 1267. 69 1266. 22 —0.12 0.144
2 89.0 2.74 1316. 57 1334. 38 1.35 0.159
3 90. 6 2. 64 1912. 68 2064, 48 7.94 0.191
4 93.8 2.79 2646. 66 2934, 03 10. 86 0. 326
5 95.5 2.52 3459.17 3398. 69 —1.75 0.480
6 99.1 2. 44 19353. 78 23725.04 22.59 3.658
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Table 6 Comparison of similar strain fatigue properties

for the nickel foam with different porosities and pore

diametersH!
L o/ ol ok
% mm mm (nQ+m) (nQ+m %
1 89.7 0.57 2.62 1590. 79 1641.07 3.16 0.062
2 92.6 0.60 2.71 2235.07 2291.11 2.51 0.053
3 93.5 0.64 2.60 3033. 09 3100.02 2.21 0.052
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6 98.4 0.76 2.71 12621.83 12739.84 0.93 0.028
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Table 7 Specific surface area (Sy) and pore diameter

available for the nickel foam'*"

Sv/(em? « em ™ ®) Sv/(em? « em™ %)

No 0/% d/mm
(from test result)  (from eq. (10))

1 88. 60 0. 5602 1098. 68 1093. 55
2 89. 66 0.5735 1197. 38 1195. 75
3 90. 19 0.5707 1275.72 1276.02
4 92.55 0. 6008 1637. 48 1648. 33
5 93.52 0.6413 1782. 20 1797. 60
6 95.79 0.6802 2649. 22 2675. 69
7 95. 83 0.6458 2818.19 2846. 21
8 97.15 0.7242 3727.77 3748. 20
9 98. 38 0.7553 6367. 34 6309. 11

10 98. 84 0.7378 9146. 05 8949. 45
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Table 8 Specific surface area and pore diameter for the

aluminum foam

- : Sv/ Sv/(ecm? « cm™ %)
No ¢/%5Y  d/mmlst o
(cm? » cm 3)01 (from eq. (10))

1 73.0 2. 66 15.7 15. 66
2 76.6 2.68 14.7 14. 69
3 78.6 2.73 13.8 13.85
4 82.0 2.76 12.5 12.56
5 85.8 2.85 10.7 10. 64
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