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Differential thermal analysis of Sri Lankan-type vein graphite

Yuriko MATSUURA', K.V. Wilbert KEHELPANNALA® and Hideki WADA'

Abstract This study deals with thermogravimetry-differential thermal analysis (TG-DTA)
and powder X-ray diffractometery (XRD) of the Sri Lankan-type vein graphite. The Sri
Lankan-type vein graphite is well-known for its high purity with up to 95-98% of carbon con-
tent. It is thought that this vein-type graphite had been deposited from mantle-derived fluids.
One of the largest vein-type graphite deposits of Sri Lanka occurs at Kahatagaha, in high-grade
metamorphic rocks. Graphite crystals in these veins have grown mostly perpendicular to the
wall rocks with at least four different textural types.

TG-DTA analysis is an effective tool for the distinction of graphitic material. This meth-
od can precisely measure simultaneously the difference in temperature between a sample and
a standard and the rate of weight loss during combustion.

Basal spacing d (002) and width of d (002) spacing at half height of the peak for the four
types of graphite crystals were measured by XRD. Crystal thickness along c-axis of crystal-
lites in angstroms, denoted by Lc (002), was calculated using these graphitization parameters.

XRD results for the four types of graphite in a single vein show that the graphite crys-
tals have identical fully-crystalline structure. However, TG-DTA data show variations in dif-
ferent peak temperatures and peak areas for the four different types of graphite crystals. We
suspect that these variations are due to minor structural changes of graphite during progres-
sive depositional process within a single vein.
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Fig. 1 Geological Map of Sri Lanka showing the localities of the typical vein-type graphite mines. KGM: Kahatagaha Graph-
ite Mine, BGM: Bogala Graphite Mine.
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Fig. 2 Photograph of an outcrop of vein-graphite deposit at
Kahatagaha graphite mine, Sri Lanka.
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AHFFE Tl U 72 IRIRTY & FRIE i 2 e e & 1) 5 2
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5% (Kehelpannala, 1995a).

AW CTHALZ 777 74 bikHE, K1ITRSh
5 X912 ) Z v ahdeEtio#R T Kandy 22 5E~8 &
% 30km#ftd17- Kahatagaha G &85 LI CEREINZ L DT
HD., FEEIHERALERIRZZ 774+ (K3, kRS
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Fig. 3 Photograph of a sample KGM3 vein-type graphite, Khatagaha graphite mine, Sri Lanka. A: Fine-grained type. B: Fibrous

type. C: Block type. D: Layered type.
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Fig. 4 Enlarged view of the different types of graphite. Photographs were taken under binocular microscope. A: Fine-grained
type. B: Fibrous type. C: Block type. D: Layered type. Scale bar indicates lcm.
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Fig. 5 A photomicrograph of a thin section in plane polarized light at the contact part of graphite vein and the country rock
(KGM11-2).
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Fig. 6 An example of a DTA curve and the parameters described in this study (sample: SP1).
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KRERIABRIES ST, EICMO USRS THD Z
LERRT. ZORRIROBIRERT T AL —L L
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ATA VXD RENC I DIRE ERIcE b729 DTA O
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Fig. 7 Variation in the DTA curve with a change in sample weight (5mg, 10mg) at heating rate of 10°C/ min (sample: Fine-grained
type of KGM3). Each curve represents average signal of 5 individual measurements.
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Fig. 8 Variation in the DTA curve with a change of sample weight (bmg, 10mg) at heating rate of 20°C/ min (sample: Fine-grained
type of KGM3). Each curve represents average signal of 5 individual measurements.
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IRESHEEOEITENRS TS AR D VY, REBDT
TIEFEWF O & 2 EE T 2HEITFERIBIC TX 220,

BRI TG-DTA & i=ii2e (Wada et al., 1994
26\, BEE4 Smg, 10mgd 2FHEL, FLhUwx
O T VKT~ A 7 RETHBEEZFY L N
LIFENSFHEHOBIIB L1 AT, 757 74 MEImE
B ICERSR & IRBESOR L LR BICELT D72, JAKE
Sk —E LT DO T — R T a2, flow meter
Z VT 200ce/min IZE%E L 7z, SRS, 10°C/min,
20°C/min © 2 O E(LE T~ Tz,

AWFRICET S TG-DTA ORESRMIZLLTO LY T
H5. Nuix, A4 (P B, MENEE : EE~ 1200C,
HESCRlklER, FEFEITZNEN, Sng 10°C/min,
5mg 20°C/min, 10mg 10°C/min, 10mg 20°C/min® 4
EHOMAELETHE., V77 L 2RAEHIT VIS

(Alz0s), Smgk 10mg, FERFNEATIL, FEERENZEX
2455y 200cc THRE L /7.

FEMEZHERT D721, 1 o0 v I o X HIES
EDORIEEITo T, FNHDOREREZX 6 ITRLTZ. 2
D OFERD D FABEEDOEWC L D KERO E— VIR
OEBMEICONTIE+RICH D Z e nroTc. B¥—2
EFEIZOWTIEZ 10C/min DFER O T NELE L TWB D,
ARG THWZERFED b DRt (E— 7 Ai0fEe
DI —T) BELZ TV, Bl X O I HIR
HE 20°C/min OFERICRBN T, E—270mEmSNEmL R
L2 ETHICT T 7 A4 NREIBEMEESH Y OE—7
EREORENNES IR D L 2R Lz, BBER
5mg, 20°C/min ORPESLMEEFICHRA L. L0k

PRBESRIT 2D D EBR D, BIROBRLD 777 74 b
2kt TG-DTA R D 72 ORIESAEL, B HE & Sng,
FIREEE 20°C/min & L7z, 2 OBIESMETE - BEGE
BESTAINVE—%7 T 7 74 NOFEROROSEHT
EE L7z,

¥R X#REHE (XRD)

BARIC L 723 2 0 7 AR emsm L, XHREET
HEICE->TY 77 74 FOfbidEEZ LTz =H (1982MS,
1984MS) 1272\, &k E T AT OE, SERIR
WCRDETAE J—NEMZ, N—A MNRICR S T2RKH
T, AF = VINHLET ARSIV T EELL, Kil
EFICMME DL ofe, ZOEFHEIZEIY, (002) sk
OFEEE b HBT &4 THEZ L, HESME, =
=FA=FDRTy TAEZ0.01°, NEMEAELS] (111
2R, 26 BIEHPHIE 20.00~ 40.00° TH 5.

PEDOFHEC L > TENENDORIRDE LTS T77 7
A MMERDO (002) EIZOWT, 260 K O¥hE 8 (002) %
WELZ. 20 OfEn b, Bragg O (1) 12X - T
b@ d(002) ITZ5 /L, & B ICE 4 (002) 25 Scherrer
DX (2) Lo T, NS T O climoEDE
E Lc(002) ZHEE L7z, b 2 20fHERIZLU T X 9
Thb.

ni =2d sind (1)

Lc(002) =K /[b(002)-cosd ] (2)
FNENORT, 1 FXHROIE, n 1388, dEEmE
W, O TRIEARAE, 2) O gITv—7 O g (F
CTUTHRLELD) THBDH. (2) X KiE, shape
factor OBIRIEF) LFHEINZEE TH Y Griffin (1967),
Izawa (1968), Tagiri & Tsuboi (1979) 72 E12HEV 0.9 %=
fEFHL 72,

XHEPTE T, ZREORKRO (002) EIZOWT,
i fEIRE d(002), ffifE 4 (002) Zbh#gl 7z,

K1 AVSUARTS5 774 hE SP1 ® TG-DTA OHlEHER. () 1ZillEE.
Table 1 TG-DTA results of Sri Lankan-type of vein graphite and SP1.
Graphitetvpe Sample weight and Combustion Peak Onset temperature DTA area
p yp heating rate (») loss(%) Temerature("C) of the peak(’C) (uVs/mg)
5mg 20°C/min (6) 100.1£0.5 860+9.5 750+30 16000 =750
A: fine-grained type
10mg 20°C/min (5) 98.2+27 900+5.8 750+7.0 18000 %400
5mg 20°C/min (7) 99.4+0.1 900£11.6 800+ 36 15000 = 3000
B: fibrous type
10mg 20°C/min (5) 98.9+0.4 910+84 780+0.9 17000 %1500
5mg 20°C/min (5) 98.9+0.1 930+1.8 800+4.0 14000+ 730
C: block type
10mg 20°C/min (5) 98.8+0.2 930+8.8 820+5.0 16000 =560
5mg 20°C/min (5) 97.4+0.1 900+34 780+2.3 14000 =620
D: Layered type
10mg 20°C/min (5) 97.6%+0.3 910£2.2 780+0.6 150001770
SP1 5mg 20°C/min (5) — 970 860 17000
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NI A—=Z TR E, YTV EFRUIETE—
7 by TIREPFE LS BLEMPHY, ©—Ib ERY
BEICH FBEOMEmMRD 5 LBHOEIENTED.
ORI, 77774 boRICk-oTE—I3H E
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Fig. 9 The difference in DTA curves the four different textural types of graphite in a single vein (KGM3). Measurement con-
ditions are sample size of 5mg and heating rate of 20°C/ min.
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Fig. 10 X-ray diffraction peaks of graphite in spacing of the (002) for all the four types of vein graphite and standard graph-

ite (SP1).

K2 AVFUARITZ 774 ME SP1® (002 ) XERA A BTk -
Table 2 XRD results of (002) spacing of Sri Lankan-type of vein graphite and SP1.

Type 20 (deg) Half width (deg) dspacing (&) Lc (002) A DG
A:fine-grained type 26.57 0.14 3.352 553 116
B:fibrous type 26.57 0.12 3.352 703 196
C:block type 26.56 0.15 3.354 516 104
D:Layered type 26.57 0.14 3.352 553 116
SP1 26.57 0.13 3.352 595 133
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fem b EE O FRIRIT 72 2 il £ (002) 12iX, MHERAS
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Z T, ERRRERS T O cHiimoEOE S Le (002)
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Fig.11 SEM photograph show the surface features of the four types of a vein graphite. A: Fine-grained type. B: Fibrous type.

C: Block type. D: Layered type.
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