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Abstract

The current status of domestic a agalmatolite mines in South Korea was investigated with a view to
establishing a stable supply of agalmatolite and managing its demand. Most mined agalmatolite de-
posits were formed through hydrothermal alteration of Mesozoic volcanic rocks. The physical charac-
teristics of pyrophyllite, the main constituent mineral of agalmatolite, are as follows: specific gravity
2.65~2.90, hardness 1~2, density 1.60~1.80 g/cm’, refractoriness =29, and color white, gray, grayish
white, grayish green, yellow, or yellowish green. Among the chemical components of domestic agal-
matolite, SiO, and Al,O; contents are respectively 58.2~67.2 and 23.1~28.8 wt.% for pyrophyllite,
49.2~72.6 and 16.5~31.0 wt.% for pyrophyllite + dickite, 45.1 and 23.3 wt.% for pyrophyllite + illite,
43.1~82.3 and 11.4~35.8 wt.% for illite, and 37.6~69.0 and 19.6~35.3 wt.% for dickite. Domestic
agalmatolite mines are concentrated mainly in the southwest and southeast of the Korean Peninsula,
with some occurring in the northeast. Twenty-one mines currently produce agalmatolite in South
Korea, with reserves in the order of Jeonnam (45.6%) > Chungbuk (30.8%) > Gyeongnam (13.0%) >
Gangwon (4.8%), and Gyeongbuk (4.8%). The top 10 agalmatolite-producing mines are in the order
of the Central Resources Mine (37.9%) > Wando Mine (25.6%) > Naju Ceramic Mine (13.4%) >
Cheongseok-Sajiwon Mine (5.4%) > Gyeongju Mine (5.0%) > Baekam Mine (5.0%) > Minkyung-
Nohwado Mine (3.3%) > Bugok Mine (2.3%) > Jinhae Pylphin Mine (2.2%) > Bohae Mine. Agal-
a OPEN ACCESS matolite has low thermal conductivity, thermal expansion, thermal deformation, and expansion coeffi-

cients, low bulk density, high heat and corrosion resistance, and high sterilization and insecticidal
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Table 1. Pyrophyllite production in six countries (USGS, 2015)

Production (tonne)

Country
2011 2012 2013 2014 2015
Korea 510,708 483,133 524,881 662,865 600,000
Japan 350,000 340,000 340,000 340,000 340,000
India 251,939 248,022 217,690 207,454 147,431
Pakistan 69,176 75,891 88,989 80,289 113,509
Peru 30,389 30,399 31,678 17,859 26,209
South Affica 121,368 18,734 17,336 22,500 16,801
Total 1,410,000 1,250,000 1,270,000 1,370,000 1,280,000
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Fig. 1. Pyrophyllite production in six countries (KOMIS, 2018).
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Fig. 2. Production and sales volumes of pyrophyllite in South Korea, 2011~2020 (KIGAM, 2021).
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2R O] 215 g B S T Deer et al., 1992). AHFAQ1 Fd4] 0] FE0H4] B/J-& 42|61 Table 22 2tk =] Al
A kol Ueha-8 2 RTS8 HA 9] B0l W J2] E/97] ik(volume density)+= 1.60~1.80 Bl¢lo]™ H2ke
(refractoriness) =29 ©}21 71 © 2 YEPJTHKoh, 2007). No and Koh(2005)°]l 2Jsl] 22 =] G4 Aol A 2fFet
A A=E XA FEEA7I(XRF) HH o & EARE Avte] W=, AE419] 79 SiOr= 58.2~67.2%, ALOs=23.1~
28.8%, BEA] + 7| EZ} M A SiO= 49.2~72.6%, ALOs= 16.5~31.0%, FE4] + Aeto|EVl 235t 7-¢-
Si0= 45.1%, ALOs= 23.3%, L olEQ] 7% Si0 = 43.1~82.3%, ALOs= 11.4~35.8%, S710]EQ] ¢ Si0=
37.6~69.0%, ALOs= 19.6~35.3%2] IS 7HA= A 22 YEPTh Table 3).

Table 2. Mineralogical characteristics of pyrophyllite (Deer et al., 1992)

Mineral Chemical composition Color and luster Specific gravity Hardness Crystal system
28.3 wt.% ALO; . . . S
. ) White, , h wh , Monoclinic, triclinic,
Pyrophyllite ~ 66.7 Wt.% SiOs ite, gray, grayish white orgreen, =, (o 5 g 12 onoclmic, tric nic
5.0 wt.% H,0 brown, brownish green, pearly luster radiated lamellar

Table 3. Compositions of domestic agalmatolite ores, as determined by X-ray fluorescence (No and Koh, 2005)

Chemical composition (wt.%)

Ore type . .
SiO; AlLO; TiO, Fe;0O; MnO MgO CaO Na,O KO P,0s
Pyrophyllite 58.2~67.2 23.1~28.8 04~0.7 04~33 0.0 0.0 0.5 02~13 0.0~0.1 0.1~0.3
Pyrophyllite + Dickite 49.2~72.6  16.5~31.0 0.3~14 2.1~-34 0.0 0.0 0.4 0.0~1.8 0.0~0.1 0.1~0.3
Pyrophyllite + Illite 45.1 233 0.4 3.1 0.0 0.0 0.4 0.6 1.4 0.1
Illite 43.1~823 11.4~358 0.1~0.7 0.1~2.0 0.0 0.0 05~0.6 0.0~1.6 0.5~9.0 0.1
Dickite 37.6~69.0 19.6~353 0.1~0.6 04~49 0.0 0.0 0.4 0.2~0.7 0.0~0.1 0.1~0.2

U JA9] B2 A AuE Y, T2 W WA RO 2 o, X, SHeob drsio] A U, Adll, s, &
At 2190l HF BESHH, 11 Htol| SREE 5559 5 Tdolr Y5 Rk 2102 LERITH(Cho, 2000; No and

o etal., 2009). TIF-2 o= X ol FESH= =] 'JA] /el 42 Mol = A37]2] shilet 7149
FAAY B, DA A o Ay A 2 A 3o & LR R, o] o] A4 Ed B el 7HE A
2t 2 0 = P TH(No and Koh, 2005). ‘g4 334E9] 912]=Fig. 4014 Hol5m, o] & “J2]olH Table 42+ 2tk =Hie]l
A S AL Q= 334 17 1147H(No and Koh, 2005)01141 20178 715 2] @4 AJ4T 3348 21 7HKOMIS,
2018)2 937171 &0 €F 84% 7T A4St 7 © 2 UeRdT 2018 =AY H A H| A(Korea Mineral Resource Informa-
tion Service, KOMIS)of|A] ' ESH 2| Aol whg =i 4] aid=hs A elsto] 122 = el H Fig. 59+ £t Fig. 501
A = Qo] U] B AR = 2t A doll FAEskARE, migERe A do] A0 45.6% = TFY HAL the o ®
S5 30.8%, ' 13.0%, et g0l 2442 4.8%5 AAohe A 02 YERT.
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Fig. 4. Geology and distribution of agalmatolite deposits in South Korea (modified after No and Koh, 2005).

Table 4. Agalmatolite deposits in South Korea (No and Koh, 2005)

Pyrophyllite type
No Mine name Region No Mine name Region No Mine name Region
1 Gadeok Busan 28 Naenam Gyeongbuk | 55 Mokpo-Jido Jeonnam
2 Noksan Busan 29 Daerim-Bongwha  Gyeongbuk | 56 Bongwhang Jeonnam
3 Noksan 1st mine Busan 30 Daepung Gyeongbuk | 57 Sudo Jeonnam
4 Gangnam-Gimhae ~ Gyeongnam | 31 Donggok Gyeongbuk | 58 Sinan Jeonnam
5 Gwangdo Gyeongnam | 32 Bunam Gyeongbuk | 59 Sinok Jeonnam
6 Gimhae Gyeongnam | 33 Bulguksa Gyeongbuk | 60 Yaksan Jeonnam
7  Gimhae Deockbong Gyeongnam | 34 Sabang Gyeongbuk | 61 Yeosu Jeonnam
8  Dongrae-Jeongkwan Gyeongnam | 35 Sannae Gyeongbuk | 62 Wando Jeonnam
9 Muyeon Gyeongnam | 36 Samseong Gyeongbuk | 63 Okchul Jeonnam
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Table 4. Continued

Pyrophyllite type

No Mine name Region No Mine name Region No Mine name Region
10 Weondong Gyeongnam | 37 Samweon Gyeongbuk | 64 Weolpyeong Jeonnam
11 Milyang Gyeongnam | 38 Seodo Gyeongbuk | 65 Iwha Jeonnam
12 Milyang Sungjin ~ Gyeongnam | 39 Jukjang Gyeongbuk | 66 Ilpyeong Jeonnam
13 Bukmyeon Gyeongnam | 40 Jungang Gyeongbuk | 67 Jangsan Jeonnam
14 Samchang Gyeongnam | 41 Cheongsong Gyeongbuk | 68 Jukjeon Jeonnam
15 Yongchensan Gyeongnam | 42 Taewoong Gyeongbuk | 69 Jindo Jeonnam
16 Wuyong Gyeongnam | 43 Pungsan Gyeongbuk | 70 Chungdo Jeonnam
17 Yurim Gyeongnam | 44 Gaedo Jeonnam 71 Pyeongil Jeonnam
18 Wungyong Gyeongnam | 45 Gusi Jeonnam 72 Hansong Jeonnam
19 Jeonggwan Gyeongnam | 46 Gukbo-Yaksan Jeonnam 73 Haenam Jeonnam
20 Jukgok Gyeongnam | 47 Gwangyeong Jeonnam 74 Gukil Chungbuk
21 Jinhae Gyeongnam | 48 Namgok Jeonnam | 75 Gwangseong Chungbuk
22 Changwon Bukmyeon Gyeongnam | 49 Nowha Jeonnam | 76 Daeyoung Chungbuk
23 Cheonbulsan Gyeongnam | 50 Nokjin Jeonnam 77 Daehyeon Chungbuk
24 Munwha Taeryong  Gyeongnam | 51 Doam Jeonnam 78 Youngchun Chungbuk
25 Hankuk Gyeongnam | 52 Dado Jeonnam 79  Youngchun GongYe  Chungbuk
26 Gyeongbuk Gyeongbuk | 53 Daedeok Jeonnam
27 Gyeongju Gyeongbuk | 54 Dogcheon Jeonnam
Mlite type
80 Gwangpyeong Gyeongbuk | 89 Dongchang Chungbuk | 98 Yeonwha Gangwon
81 Daejang Gyeongbuk | 90  Taekwang ceramic ~ Chungbuk | 99 Hoengseong Gyeonggi
82 Daehyeon Gyeongbuk | 91 Saerona Gangwon | 100 Daemyong Gyeonggi
&3 Maxtech Gyeongbuk | 92 Youngchun Gangwon | 101 Sejong Gyeonggi
74 Seongwhang Gyeongbuk | 93 Jungsan Gangwon | 102 Sinheung Gyeonggi
85 Oseong Gyeongbuk | 94 Donghae Gangwon | 103 Anseong Gyeonggi
86 Ojeon Gyeongbuk | 95 Backbyong Gangwon | 104 Yongmun Gyeonggi
87 Yucheon Gyeongbuk | 96 Sama Gangwon | 105 Hanheung Gyeonggi
88 Seonwoo Youngcheon Chungnam | 97 Samjin Gangwon | 106  Hanheung ceramic ~ Gyeonggi
Dickite type
107 Baekam Jeonnam | 108 Bugok Jeonnam | 109 Okmae Jeonnam
Kaolinite type
110 Dongbok Jeonnam | 112 Cheonun Jeonnam | 114 Songseok Jeonnam
111 Byeokson Jeonnam | 113 Boknae Jeonnam
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Table 5. Production of agalmatolite in operating mines (KOMIS, 2018)

Production (ton)

Mine Location
2012 2013 2014 2015 2016
Jungang resource Chungbuk Danyang 33 95.2 124.3 103.3 164.5
Wando Jeonnam Wando 128.5 138.0 134.0 127.1 111.2
Naju ceramics Jeonnam Naju 56.0 55.6 50.8 52.2 58.2
Cheongseok-Sajiweon  Chungbuk Danyang 22.9 3.0 29.5 24.7 23.6
Gyeongju Gyeongbuk Gyeongju 23.0 22.5 21.6 24.0 21.6
Baekam Jeonnam Haenam 22.9 20.5 20.4 20.8 21.5
Minkyeong-Nowhado Jeonnam Wando 103.5 109.1 101.0 11.6 14.3
Bugok Jeonnam Haenam 23.0 225 17.8 13.7 9.8
Jinhae pyphyllite Gyeongnam Jinhae 6.8 12.2 15.7 3.6 9.4

Bobae Busan Gangseo 68.0 80.1 68.2 52.7 -
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Table 6. Chemical and physical properties of agalmatolite by product (KIGAM, 2010)

Chemical properties Physical properties
Use Product SiO, AlLOs Fe 05 CaO Refractoriness Outage
(wt.%) (wt.%) (Wt.%) (Wt.%) (%) (%)
) Acidic refractories, bricks 59.8 32.10 0.30 0.15 33 6.66
Refractories . .
Neutral refractories, bricks 64.4 24.60 1.17 - 34 9.78
Ceramics Ceramics, tiles 68.0 21.60 0.60 3< 34 4.28
Back cement additive 75.8 15.17 0.25 - - 5.00
Cement, etc. . .
Pesticide additive 60.8 15.32 1.00< - 28 -
]

=] Oﬂ/ﬂ %“Jﬂi P=A %E‘L ﬂ% 5 ZFLFJ} 100% OWOM 7V B2 e pEShs A AlSA 0l A
_:L

ﬂﬂtﬂ E}%ﬂr ZE*E}.
U G4 AR tIFE S SRR EaHEE wol A ol 4R = M EFE ol ool st
G710 EZ} QAR TP EA WAL} deto] EXF 0*115 A A IR A 0 2 AR QI FA 0] 5= ] =R
FEA ] BalA EAL H|Z2.65~2.90, ©7] 1~2, W= 1.60~1.80, HSHE 29 oifo] o, Ao s3atof ulet 2 L) T i
A DA S]HAY Bl A, ShA Sl Al S EOlL Zog vt =) $A1 9 st dE-2 A9 A Sions
58.2~67.2%, ALOs=23.1~28.8%, AEA1 H710| EZF 23 79 Si0,=49.2~72.6%, AlLOs= 16.5~31.0%, H'E4]
deto|EZ}F E9HE 749 Si0=45.1%, ALOs=23.3%, Lo E 0] 7L Si0,= 43.1~82.3%, AlLOs= 11.4~35.8%,
9,7}0115_94 $ Si02=37.6~69.0%, ALOs= 19.6~35.3%= TH/dg=0] et & 2ol 5 Holi= Z 0 & Ueyitt.
A AT R A b= QNI WA RLO) 2 ol X, o 0] e ek, Aell, B, At Aol =
Qo T FERO] SE Tofolli JF Bk 2082 FAEICE 20183 71 =] WA A4tst
Ee 21 7fjo]H, mi ke HH(45.6%) > F5(30.8%) > ZH(13.0%) > ZFL(4.8%), 745(4.8%) 07 2
2 710 2 Uit =] JA AAtF o] 1071 34 %%%OJX} AIAK37.9%) > A A FAH25.6%) >
At "]'—r Jl2F h}/k}(n 4%) > 5 ARSI OJJJM]—(5 4%) > A4 7:1_,_1}/1]-(5 0%) > % 1‘5}15_114%)}/\}(5 0%) > A wA-
e oHe g (3.3%) > A F531H2.3%) > e AolgA 34k 2.2%) > FAT Hepgqt 9l Ao = ZAEIH.
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