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A Method for Determining the Sandstone Porosity by
Using a Microwave Oven

Seulgi Woo and Jinhoo Kim*

Departiment of Energy and Resources Engineering, Dong-A University, Busan 49315, Korea

Abstract: In order to determine the porosity of rock, the ‘standard test method for porosity and density of rock’ proposed
by the Korean Society for Rock Mechanics is commonly used. However, the standard test method, which uses a drying
oven, takes 8 to 24 hours to complete the test in taking samples out of the oven every four hours and measuring the
weight of the specimen. To complement these disadvantages, we devised a method for measuring rock porosity by using
a microwave oven. The devised method reduced the cause of errors and the inconvenience occurred in the process of
weighing samples by constructing a weight monitoring system, which monitors the drying process. A suitable heating/
pause time was set up to maintain the temperature of sample below 105+3°C in drying process, and an alarm system was
implemented in order to stop drying process when the weight change of the rock sample is within 0.1% of the initial
weight. The porosity was determined from the dry weight of the sample, which was obtained by the curve fitting of
weight monitoring data. Then, the porosities obtained by using the microwave oven were compared with those obtained
by the standard test method. Test results using sandstone samples showed that the porosities obtained by a microwave
oven was similar to those obtained by the standard method and the porosity difference between two methods was as large
as 0.4%. In addition, repeated porosity measurement using the same specimen showed that the standard deviation of the
porosity, which reflects the precision of the measurement was as good as 0.23%. Therefore, a microwave oven porosity
measurement system can give the porosity of rock samples with high reliability.
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Table 1. Descriptions of sandstone core samples used in
this study

Sample ID Diameter (mm) Length (mm) Color
VA-1 26.46 39.06 Terra rosa
VB-1 26.48 39.17 Greenish gray
VC-1 26.43 39.46 Straw color
VA-2 26.50 38.90 Terra rosa
VB-2 26.45 38.30 Greenish gray
VC-2 26.44 38.54 Straw color

HA 26.60 26.31 Terra rosa
HB 26.42 36.15 Greenish gray
HC 26.37 26.35 Straw color
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JIQ/EX] AZH H A= ABAH ZH
olFA FHE FHAx & ¥l /\]gé REE]

AolE @l Wi 73t FAE HHESHIA AR
g 3 AxAIE, #udx & ¥3 A5 F
At Az Age AR FF5e] S <%
AR JhHo] Mg Prdd HES AET
F Stk o] W mlolAzeo|He) Tid3t FA] Az
& A3 AAelioF AR et 54 2= ol
ke 28 e g fden, iz dEARe 4
AsP] flelire ARkl e AR FAMSE ¥
8] Astoof At

TIE 24 AFAEH(KSRM, 2006)0] <Jskd A
ZEE olfele] FFES ST AT Y BF
AZLEE 105+3°CE 43lal Qi) mlela o]
H QBS olgsl] ANRE ARAE AT T A%
N IS e A P B 5 P R S AR S =
Qo8] &8 7%%‘/%%1 AIZHE A-s] ARk A
B AFdX e mlo]AEgo]E 9 EL]
=85 T00W= Wé%}a’il, 7tE A7 wE 2EW
1'8}04 AA 2% A (FLUKE-566,
FLUKE)Z ol&3sle d4d 71d Alke] £ A%
oA RS HH 2EE ZA3IALE vlo|AZgolE
Q80 B AR 2t A Al Xl
tﬂra} E‘rEﬂ wH—Eroﬂ ?%49141 AN 8% wE
T2 ARgslth

Computer —~—

Electromagnetic
Wave Attenuator

Yg slelel N we) TAE Hlmkﬁ Ml
A WstEo] FHAZZSHFAL] 0.1% ool &
A 7 9 Solghe wE 7z dEAxies 2

Askr.
2 2UEf
chlazilels 2ea aong Az

A BUHY X A2 AEE7E 0.001 gl
X%X]-Xig(Model EX-623, OHAUS)S ©]&3t] FA
S S4stal, AAAES HFE S A48 9 Al

ZHAnith AlRe] FAMSEE 7155t mlola
gojH 9B wI|EE(2M246-03, LGAAN)H
=827 9 Eleln § B ZXER 1Y
t}. Fig. 25 vlo|aZgolE QB3 HxAE 2
AFHZ AR e A BUHY Aj2Ee] ¢
AEE HYFth AL e F3o He4
1760°C21 A2|7H] (silica wick) A& AES wigir

¥ e ri ﬂll

i‘i

[ Duct Hote | il @
=

Suspension
String

['7@

TL | Magnetron

Microwave

y @

4

2 S

Fig. 2. Microwave oven drying system and weight monitoring system.



154 =2| 2=

C Start D)
{ v

Power Microwave Oven |

| PowerBalance | |

y

Connect Balance
to Computer

!

I Zero Balance I Start Oven

!

Read Specimen
Weight, Msat

[ Program Microwave Oven I

.
]

Mo=Msat

i

Heat Oven
3 minute

{

[ GetWeight M |

| Stop Oven |

Weight Monitoring data
Curve fitting

v

[ Get Cofficient b |

[ Compute Porosity |

Pause Oven
3 minutes

Fig. 3. A flow chart for porosity measurements with micro-
wave oven and weight monitoring system in drying process.

dE A AT o
AzxEe B AN FAE ST
== AFdn P EE el mE W
s FHaslel] 9ot AALS 28 e

L
B
3
K
o sl Wxe] HolE o ANz en, o8
_}?_
%
o
=

lo,

N o> i,

o e FHL B vlolazdolue g 4%
) S AEFS] A ThelZE P A
} Qo] SRl QR ol WA

JZ FHiw) 0 { '
—

MNE MH(csv)

515

51£ ......... S SR S— S 4

Weight (g)

1000 1500 2000 2500
Time (s)

2
2180 48.1100

Fig. 4. A GUI which monitors the weight variations of a
sample in a microwave oven and gives an alarm signal
when drying ends.

g EE o
ZYRCES Flicker® =2 A4 AR floj=
nfo]AZgo|He] JMAAI FAARE Aste] F
g WA o At

ASTMS] 297 ¥shyiow ¥sld 94 XEE
3719l AE wlo]ARgo|B @ He] B HUER
Aol ol AP ZHERE 71 FAE WSt
3, A% gEAFe] HH 2 et A5 FA By
EFulolElE o]g3dle] FAHIS B3l dxTAS
THES AET olgd A RUEE AlZg
gk dHe] A9 8L flow chart2 2°F5PH Fig,
304 B el 7 Axspgels FARUHHS
Ansted Qe A wiskEko] 0.1% ool Soisk

S o YPre} e GUIE 7359 AHgtoR
W T ARE el SHske e g

o 9] Az HRAMNS AEE 4 & YES
S5tk Fig. 4= A9 A WstEkol 0.1% oldiel
Sol9} dAE Yo wUEZS =us8l GUIC
o & HojFEt



35 534y

FARYUET dolgo]l FHa- 3 (curve fitting)S
ANt U AxFAR FFES Toke W (Lee
and Lee, 2010; Ko, 2013)2.8 ¥=&E8 =43
FARUEHAN A2 AXFAE A (1) o83t
of ®HAzxEsTAC W Hafst FAR Hekg
T A (F ARet] A EE AAlsisith o
71M = Ask FAE, x= RS A7 e
et

M

Y=, M
y=(1-b)e ™ +b )
AZN7 x=0d & ¥380] 100%]22 A

e A y=to] M= PRI, A7) A3tel
W A dzda g0 ARe Bt
yE b2 FUAES ATk SAYTORE b3
o] AR ol¥H Age] AEA(M)e

Mdry =b- Mval (3)
3 2.
AzeUHYoR 9 ARY AZFAZRE 7
FEm 29 4 4)E A= 4 AthLee et al,
2012).
— Myat_Mdry 0
solaRdolE QBg olgd TIE AWML
2 Qe 298 Ax2E o8F IIF 34 AF
NgHeE 78 Asje wzad. 5Ue Ans
AMgEte] AxEe)l vlolARSolE eBOR FIE
= Ssilon, 2t Algdl st 33] s 543
o:] Jﬂﬁ-‘ﬁ]— %}—_i IZE5S 0 @Z% o]_ 1:]_
238 4% #y
= ZsiftEo| Higy
598 A2 Aol Az volazsol
Quoz 338E MEa) s, FUB 2
0% Age) & Esb} whgolel 9k, AT 3}
SN QB Wk WA s AT o
AAOlE gt Feddke] Mz e oo AEE

O|32Y0|E 222 0|3 Alle] 225 AE i 155
20

[
el (@ T
16 ® ® 3d

Wet - Vacuum

6 4
4
2

0 20 40 60 80 100 120 140 160 180 200 220 240

Dry - Vacuum

Vacuum pressure (torr)
>

24 ¢
(b) —o— st
22 4 ® 2nd
20 ® 3rd
5 18 4
g e Dry - Vacuum Wet - Vacuum
2 144
<
a 124
E 101
3
@ 84
S
6
4
2_
0

0 2‘0 4‘0 6‘0 8‘0 1(‘]0 1;0 1:10 1é0 1é0 2(‘)0 ZéO 2:10
Saturation time (min.)
Fig. 5. Vacuum pressure change in vacuum desiccator dur-
ing vacuum process when 6 samples with vertical bedding
planes lie inside the desiccator (a), and when 6 sample with
horizontal bedding planes lie inside the desiccator (b).

ol Kl

_0|L
32
)

A% THAPS 38 wRsEA AT gES

H =2
Fig. 5= 73‘6— J‘_@rﬂrzo %‘i’l e

&
SO
%

rr
M
ﬁ
s b
fut]
> o
E
ok
Rl
%

[e]

4 171 ﬂﬁu}t} o] 137} o=
AolE W] ¢=HE 343 it} Fig.
2 Z2E 7F 44, Fig Sbe o719
75 SEE R AR ASE A7 vEI &
g HsE ey, 19 TIPS AFE 3 30
T °lLH°ﬂ ZJ% e oF 24-28torr 77}11 :Lﬁo}}ﬂ
10

>N o N o
o}
oft &
= o
>
it

L

wh
Py
r
D
N
==
lo

A58 Aot AP G0l o 200mE
ZHOZ 14% 93 MY oA Ao AR £
ARE & F vk W oS B T3]

PN
T =

7 A% A3 EIIAE A AT 20
[e]




156 =2 2z=

Table 2. Surface temperature of rock with respect to heating/pausing time

VA-2

VA-2

VC-2

VB-2 VB-2 VA-2 VC-2

Heating/waiting time
Number of repetition

1 min/5 min. 5 min/l1 min. 4 min/2 min. 4 min/2 min. 3 min/3 min. 3 min/3 min. 3 min/3 min.

1 39.2°C 66.8°C 59.9°C 80.3°C 512°C 78.8°C 73.5°C

2 39.5°C 129.5°C 80.1°C 114.7°C 73.2°C 89.6°C 93.6°C

3 38.5°C 114.9°C 89.3°C 1282°C 90.4°C 99.9°C 95.9°C

4 37.3°C 104.9°C 97.3°C 105.7°C 83.7°C 89°C

5 37.9°C 92°C 90.4°C 100.5°C 82.6°C 82.3°C
120 1
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Fig. 6. Temperature variations of rock samples by repeti-
tion of microwave heating/pausing.
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Table 3. Coefficient and dry weight determined by curve fitting

D Try b Weight (g) D Try b Wight (g)
1 0.9435 48.369 1 0.9403 32.406
VA-1 2 0.9433 48.361 HA 2 0.9404 32410
3 0.9434 48.366 3 0.9402 32.407
1 0.9677 52.602 1 0.9685 48.307
VB-1 2 0.9664 52.529 HB 2 0.9676 48.274
3 0.9677 52.608 3 0.9669 48.239
1 0.9548 50.298 1 0.9530 33.646
VC-1 2 0.9554 50.332 HC 2 0.9551 33.720
3 0.9546 50.294 3 0.9538 33.673

Table 4. Dry densities and effective porosities obtained by microwave oven

D - Dry density (g/em’) Effective porosity (%)
Tty
value avg. std. dev. value avg. std. dev. rel. std. dev.

1 227 13.61

VA-1 2 227 227 0.0003 13.61 13.62 0.0127 0.093%
3 227 13.63
1 245 821

VB-1 2 245 245 0.0018 8.50 830 0.1791 2.159%
3 245 8.18
1 2.35 11.09

VC-1 2 2.35 2.35 0.0011 10.93 11.06 0.1156 1.045%
3 2.34 11.15
1 226 14.39

HA 2 2.26 2.26 0.0014 1442 14.41 0.0233 0.161%
3 226 14.43
1 245 8.01

HB 2 245 245 0.0015 8.18 8.18 0.1738 2.125%
3 245 835
1 234 11.54

HC 2 2.34 2.34 0.0014 11.08 11.32 0.2298 2.029%
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Table 5. Dry densities and effective porosities obtained by drying oven

Dry density (g/em’)

Effective porosity (%)

ID Try
value avg. std. dev. value avg. std. dev. rel. std. dev.
1 227 13.68
VA-1 2 227 227 13.68 13.68 0.0003 0.002%
3 227 13.68
1 245 797
VB-1 2 245 245 8.03 8.02 0.0407 0.508%
3 245 8.05
1 2.35 10.83
VC-1 2 235 2.35 10.94 10.89 0.0550 0.505%
3 2.35 10.90
1 227 13.93
HA 2 227 227 13.99 13.97 0.0409 0.293%
3 226 14.01
1 245 822
HB 2 245 245 8.11 8.16 0.0529 0.648%
3 245 8.16
1 2.34 11.17
HC 2 234 2.34 11.18 11.16 0.0349 0.312%
3 2.34 11.12
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Fig. 8. Comparison of porosity differences between drying
oven (DO) and microwave oven (MO) methods. Porosity
differences are based on the average porosity obtained by
DO method for each sample.
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Table 6. Effective porosity differences

D Porosity (%) Porosity
Microwave Oven Drying Oven  difference (%p)
VA-1 13.62 13.68 -0.06
VB-1 8.30 8.02 0.28
VC-1 11.06 10.89 0.17
HA 14.41 13.97 0.44
HB 8.18 8.16 0.02
HC 11.32 11.16 0.16
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