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A Model of Scale Formation Process to Inner Wall of
Carbon Steel Pipe for Transporting Hot Spring Water
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The microstructure of scale adhered to the inner wall of elbow steel pipe, in which the gushing hot spring water was flowed
for 3.5 months at a geothermal plant in Obama—cho, Unzen—shi, Nagasaki, Japan, was analyzed. The adhesion substance consist-
ed of four layers, that were amorphous magnesium silicate, aragonite, amorphous magnesium silicate and corrosion product of
iron on the carbon steel from top to bottom. The corrosion product fully covered the steel surface. The magnesium silicate with
the thickness of 1-2 mm was initially generated as adhesion substance on the corrosion product. The layer thickness of aragonite,
orthorhombic calcium carbonate (A-CaCOj3), was 15-70 mm. The elements of calcium carbonate such as carbon, oxygen and cal-
cium were solved in the magnesium silicate, and the calcium carbonate with massive and/or stratiform was precipitated there.
The chemical contents in the magnesium silicate layers on both the top side and the bottom one were the almost the same.
Therefore, the precipitation of aragonite and its growth in the magnesium silicate may form the aragonite layer which showed a

columnar structure along the heat flux direction.
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Fig. 1 Schematic diagram of hot spring water transport
system set up the elbow pipe near the storage tank of Obama
marina hot spring source.

Table 1 The chemical contents of hot spring water at both
Obama marina and Orange bay hot spring sources.

Obama marina  Orange bay
Temperature, 7/K 375 375
pH 8.09 8.29
Electric conductivity (mS/m) 1352 1363
Total soluble matter (ppm) 9060 9100
Na* (ppm) 2610 2670
K* (ppm) 271 300
Ca?* (ppm) 156 146
Mg?* (ppm) 160 141
Cl~ (ppm) 4590 4620
SO%™ (ppm) 358 323
HCO; (ppm) 192 162
F-! (ppm) 0.45 0.51
B3* (ppm) 15.9 17.3
As5* (ppm) 0.269 0.423
Total-SiO, (ppm) 235 270
Stable hydrogen isotope ratio, 6D (%) -3.5 -3.6
Stable oxygen isotope ratio, 6180 (%) -0.41 —0.40
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Fig. 2 Elbow pipe specimen in the cross section (a) and the
sample taken from the upper side of elbow pipe (b).
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Fig. 3 Optical micrograph of the scale on the carbon steel pipe
shown in Fig. 2. The adhesion substance consists of 5 layers,
i.e. L1 to L5.
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Fig. 4 Backscattered electron image at L1 and L2 layers (a)
shown in Fig. 3 and magnified image of L1 layer (b). Arrows in
(a) show resin parts. The L1 layer is divided into two parts as
L1-1 and L1-2. Analysis points of A to C are indicated in (b).
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Fig. 5 Chemical contents in each layer with EDS analysis
points of A to K.
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Fig. 6 X-ray diffraction profiles at (a) L1-1 and (b) L1-2
layers.
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Fig. 7 Backscattered electron image at L2 and L3 layers (a)
shown in Fig. 3 and magnified image of their interface (b).
Analysis points of D and E are indicated in (b).
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Fig. 8 Backscattered electron image (a) and X-ray diffrac-
tion profile (b) in L3 layer shown in Fig. 3. Analysis point of F
is indicated in (a).
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Fig. 9 Backscattered electron image (a) at L4 and L5 layers
shown in Fig. 3 and X-ray diffraction profile in L4 layer (b).
Analysis points of G to K are indicated in (a).
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Fig. 10 Scale on the steel pipe after flushing through hot
spring water at Orange bay source: outlooks for 1 month (a)
and 2 months (b), and their average thickness of scale (c).
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Fig. 11 Backscattered electron image of the cross section at
the white color scale surface shown in Fig. 10(b).
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Fig. 12 Secondary electron (SE) image and element maps
near the pipe surface in the longitudinal section in Fig. 3.

1D ThEz6M 5.
log (Kngsio,) = —12.90+0.00262 x (T—273)
—6.212x1075x (T—273)2 (10)
log (Kg.si,0,0m,) = 9303/ T+3.283 (11)

SV AED TN TEBNTHRINCBEGR T 54 kU A
TH5HELUTEELHEE, 375 K20 4 fFEH ST
FNFN Shygsio,=2.79 & Shygsio.c0m,=9.11 Th -7z, T
bbb, TABY I RV AEETH 5.

UEXY, @EMTh-7275TFA P BLETr A~
RV LN L, REWME LICMHE L ERRMFT BN
7. L2L, BERMTHLAVTA FBLUONTFIA FEE
BINghote. 22T, UTKBWTATr —VERLERE =
E25.

4.2 TABST R ILRBOEMRKEE

EFREICBE AN E TS et &2 L8E,
ZOBREAEBBIIERERIC SR FOWE D 2 TR

N 590 FRHIIGIC K ARREFERPOA VIRV U7
L RBERO LRI L ARG THH. WAEICLHET



¥ 5 5 B BRI % R R A 4 B A — VI BGER OE T UL 315

WP CTRAE L2V WRTFPEENEBEICE ORE L Y i
ZUTHELLICEOREST S, RERIBICE SV U B
FOBE, B D 5 NEEAKBE > ) T OBARCY
A PEBTDBWT EREHRIN TV DY, &/,
Hayakawa 512|374 5 AEKE THERF DA RV ) P
ETAHEBEDO 1L DICHARIEDR DS ExHBLNITL /-,
KFFECTHML-EE LIS W TO SO LR Th 5
Fe)05 & REBLEEADFAEL, ZD IS A B 7 X7 LD

FELELY, PRI O LA T b 4 KR ek LB EIALIR
RETH AT ABES T 32 ARG L 7oA RAE U7z L H#E
ESIND.

4.3 REEANCIL(TZTF 4 b BORA#EE

T75aAF5 A4 FETHAHLIEGHAE, F) & L4 @ (5
HIDATHEREROFEN % &3 R 6N - 72 (Fig. 5). f#HTL

LIy BEINY, TAB TRV LABICLDEICED
NTWez, Tho kD, RBAVYI AR T A~ T v
T ABRTCRRA - RERER L, AT RV LR
BEL/7-bHEETES. 22T, L1228, L2BEB LU L5 @
NLLbL1O20BTHL LINEL, Finwi#Edb.

FWCRLcE DI, LI-2 @ #rs C), L2 @ (s D)
BLUOLEOGHAHLLKOT A< 7 2V LAEFD
FELTEOWEE T L Q. Fio, REHRER, O

DI ONTHA L Tz, Thbid, 7 A< 72 L@
NTEAx1DODBTH-7-Z ¢ aHHdT5H. 22T, 7418

(a) (b)

hot spring water
>

TRV LBRTHH U7 RIE TV > 7 A ORSERIR T 1A)
ICOWTEZ S, RENIVY 7 AORERBREI A L2 BT
BECEN TV (Fig. 7(a)), BMETHICOoNTHRMEE
F i NBGR M & AT e AEA %R L7z (Fig. 8(a)).
OMBIZREIZ TV F 54 FERIC K AERGEDZ NI TY
5. BlziE, &MEESICKST ARERBOEEIL, FIVEET
A RAE L, BORR g EICRRRE T2, BE
A —=IVDRFEN IV LOBFEIT R WTh, T A<
TV LB TRESEAREL, BUROEE R T Thdl
B L cRER, RGBSR SN -t E2bN 5.
& LIcr A= 7 2y LEHICiE, REBHILVY T LD
WA e S 7z (Fig. 5). Fig. 1243, Fig. 3 127 3 ¥Hr
HE I EE B RIS T 57 A B~ 7 27 L8
LIEBLUL2ZBNOTLHES M THS. Ca, C, 0D
ST ABE T R LARICIE < —RRIC A LTl 0 B IR
BICHS. AT, TAB<T 27 ABNTHRD 5\ it
@Ik Ca, C, O #ERD &I AW MR TE /0. HiBh
Bokpbr A< 2V ABERICHE SN Ca, C, 0
i3, BUDEBEREBICH LD, 7 AB< T 2V LABHN TR
WAy T LOWRPERE L THE TS EHB3E 2N
B, TABBR TRV ARTREEN VY T LDBFEE - fdh
WET 57201213, Ca, C, O RHBBEUK ) B A BE< 7 3
U LA L CHERIICHSS S i nid7e e, Ca fik
BOBBICRT ONLOR, 7AB~ 7 32V ARICET 5
Ca, C, O OILAd 5. Mg-Si-0 > Ca DILEEREIIC >
W 1473 K /0 6 1673 K OHEIHOILHER Dy 36 & UTEME
bl FE— Q D (Dy=7.15%10"3m?2/s, Q=416Kk]/mol)
OHEWIDH 50, KIRIC OV COIRBRBOHE T

(©)

metal ions elution

(d) (e)

magnesium silicate
formation

precipitation
of CaCO,

carbon steel

growth of CaCO,

carbon steel

®

layer formation of

carbon steel

Fig. 13 Schematic illustration of a scale formation model for transporting hot spring water.
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