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Behaviour of Condensing Gaseous Species by Injection
of Liquid Adsorbents (HMDS) in Combustion Facility
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Abstract : In this study, we were clearly identify the behaviour characteristics on particle size distribution of a condensing species
by injection condition of HMDS (Hexa Methyl Di-Silazane, silica precursor that is one of liquid adsorbents) to remove condensing
gaseous species as using pyroligneous liquor generated during carbonization process of biomass as precursor of condensing
gaseous species. When using HMDS to remove the condensing gaseous species by growth machanism of particles, we could be
controlled properly particles size such as amount of adsorbent injection, residence time, heating temperature and MFC flux.
Especially, in case of using the silica precursor, in consideration of the physical and chemical properties of the boiling point, the
specific gravity and the molecular weight, we found that the condensing species could be effectively controlled by particles

granulation.
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Table 1. Physical properties of pyroligneous liquid used in this

study
Measured value* Remark
Specific gravity [] 1.02 KS M 0004 : 1997
Surface tension [N/m] 0.043 KS M 1071-4 : 2007
Refractive index [-] 1.346 KS M 0005 : 1997
Viscosity [Pa-s] 15%x10° KS M 0531 : 2011
pH [ 4.1 KS M 0011 : 2008
Boiling point [TC] 133.9 KS M 1071-2 : 2007

* Kim et al, (2013)
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Fig. 1. Experimental setup to clarify the behaviour of condensing species.
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Table 2. Physical and chemical properties of liquid adsorbents
(HMDS) used in this study

Unit HMDS Remark
Product name - 1,1,1,3,3,3-Hexamethyldisilazane
Formula - CeH1oNSiz
Molecular weight g/mol 161 4
Color - Colourless
Odour - Ammonia

Bulk density  g/cm® 0.774 (at 25C)

Boiling point T 121~127 (avg. 124)
Auto ignition T 325
Purity - > 98%
Manufacturer - Samchun chemical
3. A0} nEk
3.1. HVIDS Extm|ote| 7} mo| JtER T of M2 1A
H3t EY

Fig 2 Atomizero] B2 ML FQlE}r] ofa1 wRE g O] 7}
LE 2 600C 2 A5}al, HMDS®2| 2 AN, 7t~ &
aok 50 mL/min, 7}QT0] &% : A12~135C)0] w2 o]
4 FARA G YA EE HIkE UEd Aolth v E o
o 2HE 038 m B AHAFAIZE : 0.35%)04 Yzt
715 7FstA] G2 Aol dAREE ST Aot
(B1AHi 4= 1008, o8t FE FY A8
HMDS 9] 725 ALoA 135TE F7HAI7lol whet
Aol 9] 7|etEF A 121.15 nm, FYAMNFEE oF
3.18x10° #em’o| Al Azt Z7kske] 65C 0 AS 7|stH A
917 146.12 nm, ZUANSEE oF 3.80x10° #em’ 24, 7]
S FUAL oF 21%, A NS S oF 11.98) Z7)5}

chEterA ZstslR| | M|37A ®|55] 2015 52 |



288 J. Korean Soc. Environ. Eng.
LUET - oMY - SFD - LY

1.2E+07
—+—No heating

-=-50C
T80T
—<65TC
8.0E+06 ——==80T
-e-100C
——125¢C

6.0E+06 —
—135TC

1.0E+07

dN/dlogdp (#/cm?)

4.0E+06

2.0E+06

0.0E+00
10 100

Particle diameter, dp (nm)
Fig. 2. Effect of heating temperature of an impinger on particle size distribution by only HMDS injection (Residence time : 0.35 s,
Tf=600 C, Tc=room temperature, Ti =room temperature~135 C).
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Fig. 3. Effect of HMDS heating temperature on particle size distribution of condensing species by HMDS injection (Residence time :
035 s, Tf=600 C, Tc=room temperature, Ti=room temperature~135 C).
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Fig. 4. Effect of temperature gradient on particle size distribution of condensing species by HMDS injection (Residence time : 0.35 s,
Tf=600 C, Tc=0~30 C, Ti=100 C).
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Fig. 5. Effect of residence time on particle size distribution of condensing species by HMDS injection (Residence time : 0.35~1.78 s,

Tf=600 C, Tc=No control, Ti=room temperature, 135C).
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Table 3. Result summary for particle size distribution of con-
densing species by injection conditions of HMDS

HMDS Resi-

Sec- . T To nec- T MFG dence GMD™ TNC"*S‘
tion () () ™ . (nm)  (#/cm”)
tion (C) (mL/min) time (s)
Rt 12115 3.18x10°
50 12290 597 x10°
60 14178 364x10°
31 X 600 Rt™ O % 50 035 146.12 3'80X1O:
80 14862 4.07x10
100 15142 432x10°
125 15324 4.67x10°
135 17830 4.24x10°
Rt 118,40 399x10°
50 120,70 4.67x10°
60 146,57 436x10°
o 65 169.23 5.00x10°
32 O 600 Rt 80 50 035 23679 7.11x10°
100 26345 681x10°
125 27543 691x10°
135 27614 655x10°
X Rt 103,47 309x10°
Rt X Rt 10347 3.09x10°
30 100 26046 634x10°
33 0 600 20 o 100 50 035 26451 661x10°
10 100 266,57 630 10°
0 100 27323 544x10°
X Rt 10347 3.09x10°
135 035 27614 655x10°
54 0 600 R 50 159 67 3,07><10:
0 " 068 16467 311x10

123 17653 2.96x10°
178 19674 2.92x10°

“PL : Pyroligneous Liquid

“GMD : Geometric Mean Diameter
“TNC: Total Number Concentration
Rt : Room Temperature (18~207C)
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