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Table 1 Composition of scale formed at different temperatures
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Mass fraction/%

Sample No. Temperature/C

Na,0  TFe SiO,  ALO; CaO  MgO  TiO, P Ig
1 165-185 1.44 2.82 0.88 959 1682  3.60 4397 0.0032 1334
2 165-185 1.74 3.98 1.53 950  17.15 320 4215 0016  12.52
3 185-205 2.16 5.53 5.76 852 2173 159 3768 00042  7.97
4 195-205 3.36 6.14 1509 1336 1682 077 2470 035 455
5 230-245 459 384 1726 1446 1685 025 2346 026 4.68
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Table 2 Mass or molar ratio of element in scale formed at

different temperatures

Mass

Sample Temperature/ n(Mg)/ n(Ca)/ n(Ca)/

No. C n(Si)  n(Si)  n(Ti)
1 165-185 1090 438 2048 0.5
2 165-185 621 224 1201 0.8
3 185-205 148 030 404 082
4 195-205 089 005 119 097
5 230-245 084 002 105 1.03
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Fig. 1 XRD patterns of scale formed at different temperatures:

(a) 260 C; (b) 230-245 °C; (c) 185-205 C; (d) 165-185 C
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Table 3  Stoichiometric coefficient of SiO, in hydrogarnet for

scale formed at different temperatures

Sample Temperature/

No. . ng o s —Nlg o A —Np b
1 165—185 0.04 —-0.02 0.07 —-0.29
2 165—185 0.05 —-0.02 0.07 —-0.29
3 185-205 0.06 0.04 0.05 0.76
4 195-205 0.09 0.16 0.08 2.08
5 230-245 0.13 0.16 0.07 2.39
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Table 4 Moh’s hardness of scale formed at different
temperatures
Sample No. Temperature/C Moh’s hardness
1 165—-185 6
2 165—-185 7
3 185-205 8
5 230-245 9
6 255-260 >9
7 260 9
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Table 5 Surface properties of scale detected with diiodomethane

29, AR AR R SR R 5 SR KPR R 1
TR GG B B )G R . Rk, T I e )
JRIFER A IF LT S AR R T RE . T E R
PEBT, ATRs 4 E R R M . oA AR
ity R TP 1000 5 5 Rk 5 R 6 Pl

M5 AT Y, DAARRRAE: (8 A R e o A
SRR, RESHEA A BN (14°~27°) 0 BREES 1 Ah, UK
T TR 2~4 GPEIREAR A EIN<22°), 1k 5
(I Al A1 B2 K(26.83°) 0 Ut IR B /K PR AT 4
S, 1T el B AR K AR B

PLSR/RPEH A2 B 45 R LR 6) R W - IRIELBLAS
JERRRA AR, SERE AR H BT, K PEARRT
Btk R BLAE A A N, R E BB, ORI
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A BAF SRR PERS, DR T B /K Pk (4
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A EEEAT SR KR 9, D) B W B ARSI KB A A BE I,
ZEAE LITHE . IXBER A o M 45 RAE W] 2 e ) 2E
JSC RIS B 5 S IR e AT G o

Average contact Surface free energy 1/ Surface free energy 2/ Adhesion work/
Sample No. Temperature/‘C 4 4 -
angle/(°) (mN'm ) (mN'm ) (mN'm )
1 165185 21.22 68.06 67.68 140.38
2 165185 14.55 70.24 70.12 142.90
3 185-205 18.81 68.81 68.54 141.27
4 195-205 16.05 69.64 69.47 142.23
5 230-245 26.83 65.73 64.92 137.49

Note: Surface free energy 1 refers to using test liquid and use Kwok!?®! method to estimate surface free energy of solids; Surface free

energy 2 refers to using test liquid and Good-Girifalco *"?

& 6 MENKS I CH ) T a5 MR m e B B4 2R
Table 6 Surface properties of scale detected with glycerol

method to estimate surface free energy of solids.

Average contact Surface free energy 1/ Surface free energy 2/ Adhesion work/
Sample No. Temperature/'C 4 4 .
angle/(°) (mN'm ) (mN'm ) (mN'm )
1 165185 36.21 61.33 59.31 131.39
2 165185 33.19 62.92 61.41 133.72
3 185-205 34.39 62.28 60.55 132.75
4 195-205 28.65 65.10 64.13 136.65
5 230-245 27.25 65.72 64.89 137.46
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Table 7 Surface properties of DSP, hydrogainet and calcium titanate

Contact angle/(°)

Surface free

Compound Temperature/‘C — PymN'm™Y)  Fy/mN-m™) Ly 4
Glycerol Diiodomethane energy/(mN'm )

DSP 180 21.56 14.65 38.51 19.85 0.52 58.36

DSP 240 21.67 15.49 38.29 19.99 0.52 58.29
Hydrogarnet 180 17.34 17.70 37.07 22.52 0.61 59.59
Hydrogarnet 240 17.89 16.09 37.62 21.84 0.58 59.47
Calcium titanate 180 23.44 15.12 38.66 19.04 0.49 57.70
Calcium titanate 240 29.21 9.48 40.98 14.98 0.37 55.96

Note: p(Na,Og) is 220 g/L; ay is 3.0; time is 5 h; concentration of kaoline is 15 g/L; concentration of TiO, is 4 g/L; concentration of

CaOis 10 g/L.
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Table 8 Influence of additives on the surface properties of sediments

P

Temperature/ . Contact angle/(°) P/ r/ Surface free energy/ Adhesion work/
Additive Glycerol Diiodomethane (mN'm™")  (mN'm") S (mN'm™) (mN'm™
180 Blank 50.29 20.84 5.79 42.66 0.14 44.66 101.39
180 B35 57.53 20.40 2.35 4532 0.05 41.82 96.45
180 TSC 31.92 18.65 11.75 38.58 0.30 55.11 117.21
240 Blank 48.18 18.85 6.61 42.76 0.15 47.06 105.67
240 B35 38.43 15.94 11.98 40.97 0.29 51.76 112.15
240 TSC 55.25 16.89 2.88 45.80 0.06 43.04 98.48

Note: p(Na,Oy) is 220 g/L; ak is 3.0; concentration of CaO is 8%; concentration of B35 is 0.05 g/L; concentration of TSC is 0.01

g/L.
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Relationship between composition of scale in pipe and
surface property in preheating diasporic slurry process

LIU Gui-hua', LIU Peng', ZHOU Qiu-sheng', QI Tian-gui', WU Hai-wen?, PENG Zhi-hong', LI Xiao-bin'

(1. School of Metallurgical and Environment, Central South University, Changsha 410083, China;
2. Guangxi Branch of Chalco, Pingguo 531400, China)

Abstract: In order to inhibit scale’s formation, the relationship between composition of scale and its surface property was
investigated by the analysis of contact angle, X-ray diffraction and elemental content of scale. The results show that, with
the increase of preheating temperature, the contents of alkali soda, silica, alumina and phosphorus increase, but those of
magnesia, titania and igloss reduces gradually, the content of calcium oxides almost remains unchangeable. Increasing
temperature raises the content of sodium hydrate alumino-silicate and hydrogarnet, but reduces the content of calcium
titanate in scale. Moreover, increasing preheating temperature not only increases the stoichiometric coefficient of SiO, in
hydrogarnet, but also improves the Moh’s hardness of the scale. Because the hydrophilicities of sodium hydrate
alumino-silicate, hydrogarnet and hematite are greater than that of calcium titanate, increasing temperature enhances
scale’s hydrophilicity and declines scale's hydrophobicity. Therefore, the elevated temperature is conducive to the
formation of the compact scale due to the hydrophilicity of sodium hydrate alumino-silicate and hydrogarnet, leading to
difficult removal of the scale. In addition, the surface properties of the scale can be changed by adding the organic
additive, implying an available method to inhibit the formation of the scale.

Key words: scale; preheating pipe; surface property; sodium hydrate alumino-silicate; calcium titanate; hydrogarnet;

organic additive
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