creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

PR PN
BoPR TR

& KR

20129 2H



-
of:
o,
>
o
i)
1o
jle
Hel
=2
r d
<
r O
-

o5
4
e
%
&>
i
=

ol i = LB MHEEMZ G o= {2

IS TR HERAT Socs ARHES

RHEEEE @
% = @
% = @

PN PN

20129 2H

Collection @ jeju



A Study on Bloating of Porous Ceramic

Hyeon-Gwan Kim

(Supervised by professor Gui—Shik Kim)

A thesis submitted in partial fulfillment of the requirement for the degree of

Master of Engineering

2012. 2.

Department of Mechanical Engineering
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY

Collection @ jeju



LISt Of T ADIES #wveereeserereesereserssseessasnsassssasasasesssteassssessssssssasassssssesassasesassssssasassssssesassssesassans i
LASE Of FAGUIES #rereeseesseessessssssssss sttt s v
SUIMIMARY :eeveeeeesesesessesesesessasesessinsistesesasttstasesssassss et st s sas et et ss b tes et as bt e s sas b se e s snss s vi
L Al B e 1
TI. ADRIAFG] T ] 7] E coeeeeereeeseemseeste e 3
21 AA] W ZTEIAY Q] A Q] cerrereerereisseneis s 3
2.2 A FEL O A O] BITEOF ThEL werrererrrerssenssenssei st e 4
23 HA W ABEZa A HFARI}F O FE s 7
M. AT A E Z A B HFE ot 10
31 A B AR covrrerrerersemmensiniii s s s s s s s s b s 10
R e T O 15
3.3 AL B HE B oottt 18
331 AFE Y FE A T BB e 18
3.32 AJEH O] AT Hl A A] e 20

34 B A E A TAJ ettt et asttas 27
3.4.1 u]% _f_xg ........................................................................................................... 17
342 TZrG A e 27

IV. ZI T TEEE oot et st s st s 28
41 AR ARG AAEA st s s st s 28
42 AE HA7F] UWE HFEEA] s 32
43 SR H b0 WE HFIEEA] s 36

- -

Collection @ jeju



4.4 B (CaC02) 2] H7Fol TFE MFFEEA] s

Collection @ jeju



List of Tables

Table 1 Chemical Component Of materials ...............................................................
Table 2. Mixing rate of the materials for forming specimen -:eseeeeeeeeemseeeeee

Table 3. Characteristics of ceramic SpeCimenS ........................................................

— il —

Collection @ jeju



List of Figures

Fig. 1 Location of stone processing plant and rocky mountain = :xseseseeeeeeeee 5)
Fig. 2 Flow chart of StONe ProCeSSIng - seessremmsrmsmsrsmmissisisisssssisisisisesessa 5
Fig. 3 Stone product stocked in the Open area - i 6
Fig. 4 Typical stone cutting machine - wssseeeesseseemssesremssisimssisinssinissseenss 6
Fig. 5 Process of the occurrence of waste stone and stone powder sludge -8
FiG. 6 WASHE SHOME ++eeresresesssssessssssssonssssmmsnssssmmsssssssmssssssssmsssssssmssssssssssssssssssssssssssssssssssssssns 9
Fig. 7 Stone powder SHIAE - wwwsssrermsseremmmmrremmimisimisssimissssonssssonssssssonssessoness 9
Fig. 8 Classification of VOICANIC TOCKS =+ wwssremssresssmemssrsmmsssisssisis i 11
Fig. 9 XRD pattern of powdered basalt Shudge - wssseemsrremsssremmssimssiiissieinaass 13
Fig. 10 XRD peak list of powdered basalt shudge - wessrremsrremssmmmseriisiinnnne. 13
Fig. 11 XRD Pattern 0Of Clay - s eeessseecesssssemsssseessssvessssssssmssemssssansssssosssssesssssens 14
Fig. 12 XRD peak [iSt Of Clay - wesssereessereesssereemssesemsssemmmssemmisssanssssosssessessssen 14
Fig. 13 Bloating range of SiOs—AliQa—FIUX wseeeesrerseremsssemsssimssssisissiississsiseeaaes 17
Fig. 14 Ball Til] c-eeeeessssssssssmssssssssscsssssssssssssnessrrensssssrsossssmsssssasmsssssssssssssssssssssssnsesssssasnas 19
Fig. 15 Schematic diagram of waste stone powder molding machine -« 21
Fig. 16 Blueprint of waste stone powder molding machine :««:seseeeeseesssesesesees 21
Fig. 17 Waste stone powder molding machine e 29
Fig. 18 Metallic pattern (DEOXGOT) -wswsseweserssrsssrsssssssssssssisisiisisisisssisss s 29
Fig. 19 ElECLIIC Kili «eosssesssssssssssssmssssssssssosssssssssinsnssssssssssssnssssssssssssssassssssasssssssonssssssssssss 23
Fig. 20 Outside of eleCtric FUIMACE « - wwsssrressseremssmsemmsmsimminsseiisssiisssinsssesee 25
Fig. 21 Inside of electric FUINAce s rrwssrrrmssremsieiiisseinissssnisessese 25
Fig. 22 EXperimental method « ssresssereemssrsumsmsesimsssssosssesossessessssessessee %
Fig. 23 XRD pattern of B-1150 SPECmen « - swwessseesssreumsssmemsssemssnsimissiisssennaass 29
Fig. 24 XRD peak list of B-1150 SPECimen s wsseeessreumssreumsnmemsssemssinissinsenne. 29
Fig. 25 Ceramic and compressive strength Specimen - - wemsrrumremseunans 30

_iV_

Collection @ jeju



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

26 SpeCimen of 100wt%% Clay (1,150"(:) ............................................................. 33

27 Specimen of 100Wt% clay (1,2007C) wswweseesremmsesmsssmemssisisiinsinsisissinas 33
28 Characteristics aboUt Clay CONLENL - wwsrwessremsseremssmsmsssisisiisssiiiesasinas 34
29 Specimens about ClAY COMLENE «wwsswerssremssremmssssssssimissiisseisseiss s 35
30 Characteristics about glass POWder SOWEYG «swwwssreemssremssremmsesimmnssiuinsnees 37
31 Characteristics about glass powder 100WEOE - wwwsrwssresssremmsesumssssiuinniees 37
32 Specimens about glass powder content (glass powder 50%6) «:wwsewee-- 38
33 Specimens about glass powder content (glass powder 100%6) -« 39
34 Characteristics about CaCOs CONLENL -+ wseesreessersseemsemsmmiserisesisseiiserissesee. 40
35 Specimens about CaCOs CONLENL -+ swerssemsseresseemssmesscmssseissisanseiscenanee. 41
— v -

Collection @ jeju



SUMMARY

The study on bloating of porous ceramic was proceeded. The porous
ceramic 1s made by using powdered basalt sludge and the characteristics on
bloating casued by addition of clay, glass powder and CaCQOs are investigated.

The clay helps to combine powdered basalt sludge, added from Owt% to
20wt% and the soda glass helps bloating of specimen by forming glass phase
on the surface of specimen, added Owt%, 50wt% and 100wt%. The blowing
agent CaCOs is a component forming molten phase, added Owt%5, 5wt%, and
10wt%.

The specimens were rapidly heated in furnace at 1,100, 1,150, and 1,200C
for 15min, respectively, to sinter porous ceramic.

Clay belongs to bloating range of Riley can not discover forming glass
phase on surface of specimen at 1,200C. But the specimen made up of
100wt% clay was rapidly heated, as a result, the black core was discovered
within the specimen.

Powdered basalt sludge does not belong to bloating range of Riley. But
glass phase of high viscosity on surface of specimen formed owing to
addition of glass powder.

As a result, porous ceramic is made by blocking emission of gas generated
within the specimen.

The chemical composition of materials were determined, and characteristics
were analyzed, including specific gravity, water absorption.

The porous ceramic which is heated at 1,200C has specific gravity of
0.53g/cm, water absorption of 3.08%, and this value is satisfied with KS L
8951 standard.

_Vi_
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® Stone Processing Plant
& Rocky Mountain

Fig. 1 Location of stone processing plant and rocky mountain

Raw Stone

First Cutting

l
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Fig. 2 Flow chart of stone processing
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Fig. 4 Typical stone cutting machine
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Fig. 7 Stone powder sludge
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Table 1. Chemical component of materials

Chemical Component | Powdered Basalt Sludge Clay
S10- 50.61 62.26
AlO3 14.35 15.55
TiO2 2.07 1.21
Fe O3 11.91 6.88
MnO 0.15 0.08
MgO 7.59 0.97
CaO 8.78 0.51
NaxO 277 0.91
K-0 0.71 1.87
P205 0.28 0.08
LOI 0.56 9.33
VOLCANIC ROCK TYPES
15}
phonolite
13¢
E tephriphonolite e
E— b Imchy{:‘acile
‘E‘ 9t phonotephrite i
= foidite T
E‘ 7t 7 ; hasal:ic /
% . f::;:;i.e
z. 5t | basalt Y dacite
2 L | basaltic
< 51 basalt ®|andesite
picro-
hasalt
| ‘
37 41 45 49 53 57 61 65 69 73 T7
Silica (SiD3), weight percent
ULTRABASIC i BASIC I INTERMEDIATE | ACID

Fig. 8 Classification of volcanic rocks
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Table 2. Mixing rate of the materials for forming specimen

n Powdered
Specimen Clay Glass Powder CaCOs3
Basalt Sludge
B100 10096 0% 10096 5%
BC91 9096 10% 10096 5%
BC8&2 8096 2096 10096 5%
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Fig. 14 Ball mill
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OIL PRESSURE UNIT

Fig. 15 Schematic diagram of waste stone powder molding

machine
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Fig. 16 Blueprint of waste stone powder molding machine
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Fig. 17 Waste stone powder molding machine

Fig. 18 Metallic pattern (®60x60T)
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Fig. 20 Outside of electric furnace

Fig. 21 Inside of electric furnace
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Fig. 22 Experimental method

Collection @ jeju



K]

_—

<0
ur

KM

1]

A

3.4.1 v

[e>
A

83

A}

KeX
=

o

14

[e)

A
=

t5))

a1, KS L 8551(

H] Z(g/cm)

FA(g)
53 (cm')

W
vV

tow, ofgel 4 (5ol wet wjFol FA4 A [25]

o7]el A, S :

°

AJr
oy

.F_H

il

wx

<ot KS L 8551(4 %

o] WA 2wk

w

ol

(6)

Attt [25]

A B E3F FA()
AR HAxE FA(g)

x 100
my

m2

Collection @ jeju



1,050

ko=

B

=

=

3
=

=EEE!

)=]

LN

S|
~

@l

7F fe]

3|

%
=

Q

%a%%ﬂ' CaCngﬂ
~1,150TC 2] glelM 50T

4.1 &X|N=Z

A

oA 1A

M
ol
7o

0C/hr= 3

gl do] @A s, 1,100T

Fai e, 1,150C of A

S ©

Fo] ®40x5mme] A7) = A
& Fig. 25(a)°l YEFRSATE A

°

2

°]8

=

=

—~
fite)

=
=~

=

_ﬂ}d

=
T

XRD Peak List

=

)
3] %4 (Anorthite),

o] XRD #4433}

274 A (Hematite),

¥
A

LHER Lo,

1,150TC ©]

T AR 1,150C ol A
Fig. 233 249

-

1

24

A~

=

=]
RS

J

A
~

oF
A=)

(Diopside) o] F &4 & o] LJERETE
Collection @ jeju

=]
5
=



120 -
100 -
80 |
=
@ 604
=
4]
=
40
20 4 w
0_
| | T | | T | T
0 10 20 30 40 50 60 70 80
Theta
Fig. 23 XRD pattern of B-1150 specimen
Peak LEt
Hemat ite
O0-04 1-1 431
dnorthite
" |||||I 11 || L 1l
O0-041-1370
Diopside

1 an a0 in s0 &0 0 il an 1m 110
P Hiow [7The &

Fig. 24 XRD peak list of B-1150 specimen

@ jeju



= M
o= Lol It
W ooE oy o & ° E 7 o = iy
oM e = o o e
o S B I A o )] T K o
£ m o X = o ool nwue 7o % N mh - a T o
£ S A oo TR our ATy x o T X
0 O i o _ =~ - i N ®) A‘.#
Q 5 N Hx = r o of T N
o Lo = — T X oy T O .
’ & g T TR ED g Ty o i C )
h 0 R ~ 3” a HL 4 1! ‘.IFL
= — = ! O woooy = & 7 °
S : 3ET fzioAs TTET w i
o B Mmool S X m B AN ST ok S
5 = B2 2 e T CRCEAN
2 ey = T W ook T
o 7 2 o ! Moo= = T oo o= O =
o > . T I e T
7S Prec I P = L RO L
& @« M o o0 R A R =
5 & o0 o w - B o E < N o)) o A 5
g 3 =X o = MP T OB oo B o c_. ﬂuwm o P S
- ! ! N N oz X
O o G IO T 70 X B o SN oS |
—~ = = A X o — = S T w TR A
3 5 70 2 — N o =) = ol W on
= 3 T ¥ oz s e P T 87 oy o M
\ = T8 T T B o T o or o]
\ Q, — — v ~ a = N o ~ B
- = N o B w2 — CAN "
. T — = TR 2R B M =
S 3 o S T oM B R ) - o = T =
ooz < SeTy LEZEEEZEc
i s N L ] . X ot
MR . T B o< o B Mook g o XM oK A
= o L B0 K gy ~ N i
o = o o — ™ ‘m_ﬂ R E ) et AT
- Mo = = X T ®om o o o e (s
= 5 T 5N = B N 2 DI LI
£ © LU iSRS T T ! B o
2 8 o s 3 S T w3 B B o= Nt
LD T o g % e w J) o g w oo y o
RIS b B S % < & W - =
= R T RS T 2" g o T T
= ~ P o X ;01_ ‘_ﬁu ,Ul .m_l o0 O_E . ,.lw_w.h o WA_.O WA_.O
5 U T OB g W WMo T o X oo
B P S T LA EE R AR b
PR L R R G ) W o X B %
A DL

- 30 —

Collection @ jeju



A% 5 Atk §499 FYOE Astel FFEEL stobd Hul, YEFEE:
718 Ao dddEr
Table 3. Characteristics of ceramic specimens
Characteristics B100 BC91 BC8&2
Compressive strength(MPa) 9.34 8.84 6.31
Specific gravity(g/cm) 1.51 1.49 1.51
Water absorption(%) 29.07 29.65 28.64

Collection @ jeju



Q o %ﬂn %@Mmﬂ,%;ﬂﬂi
< S EREEE .= 1 o — 0
= T8 R R <SR
o P B3 o o 2W om T
< = i W o o
O F o X - me 5% T T (i A Ko
o Y e o om ¥ oW
S B L (= S
% 9 Tk g 7o o
o0 sl ;OE CT 1rO 0o 0
S & W o & w B om o5 ~ o
w B T8 g XN
S F 1 [~ S TR 1
D o T o gy oz o~ o w0
“f T LTS EEe @
) — O
S W Mm o o M w8 .3 TR
R % A o B T o n — T oA o B
S = %O o o) o & & R o = -
S 2 4T fazgﬁrtwmﬂfaxm
QE @ E FdowEaplEEI
= S <O o TS T < T
L o — =
5 al m Y5} m oW ) Wﬂ oF T o M]r
2T TF TFTes sz BTL
SEES ! R e — H 9
: 13} ‘.:L X . = ~
= o2 2 ol ool T S = N
p = .08 T s LW oy N e
& T o~ % T T oz 3 L
H Q M o T =BG B < )
ol wm % ‘HOI WO_H O_E . & ) 1‘rl,_.b.| Wﬁ ) { T Jﬁ.v B e UFL mﬁv
[N o R D N Mn How s e
=] %o#&%ﬁaz%%@ T W 2
o o = _
= O R R B N N > i Lmq Wow oo
2 Bro X = W 5 g ~ oF o~ mn T = o)
0 W Qm S Moy o o o T
> W T o © o % o = I
IH o oy W NP oo o T o
70 o o B T W -
- YT WK OEH OB 5B RN Ho
> = w ok L w2 S O TR S - B> S o

(7)

102

2

3Fe,O;—2FeO » Fe,O5+

Collection @ jeju



(a) Inside (b) Outside

Fig. 26 Specimen of 100wt% clay (1,150C)

(a) Inside (b) Outside

Fig. 27 Specimen of 100wt% clay (1,200C)
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(a) B100 (b) BCI1

(c) BC82

Fig. 29 Specimens about clay content
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Fig. 32 Specimens about glass powder content (glass powder 50%)
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(a) 1,100C

(b) 1,150TC

(c) 1,200TC

Fig. 33 Specimens about glass powder content (glass powder 100%5)
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(a) 0%
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Fig. 35 Specimens about CaCOs; content
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