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Abstract : Solid materials of ammonia sources with SCR have been considered for the application of lean NOx
reduction in automobile industry, to overcome complex problems of liquid urea based SCR. These solid materials
produce ammonia gas directly with proper heating and can be packaged by compact size, because of high volumetric
ammonia density. Among ammonium salts and metal ammine chlorides, calcium ammine chloride was focused on this
paper due to low decomposition temperature. In order to make calcium ammine chloride in lab-scale, simple reactor and
glove box was designed and built with ammonium gas tank, regulator, and sensors. Basic test conditions of charging
ammonia gas to anhydrous calcium chloride are chosen from equilibrium vapor pressure by Van’t Hoff plot based on
thermodynamic properties of materials. Synthetic method of calcium ammine chloride were studied for different
durations, temperatures, and pressures with proper ammonia gas charged, as a respect of ammonia gas adsorption
rate(%) from simple weight calculations which were confirmed by IC. Also, lab-made calcium ammine chloride were
analyzed by TGA and DSC to clarify decomposition step in the equations of chemical reaction. To understand material
characteristics for lab-made calcium ammine chloride, DA, XRD and FT-IR analysis were performed with published
data of literature. From analytical results, water content in lab-made calcium ammine chloride can be discovered and
new test procedures of water removal were proposed.

Key words : Solid SCR(ILA| 4 A €14 3191 =ul]), Calcium ammine chloride(Z-5o}7l & Z2}o] =), IC(Ion Chro-
matography, ©]< I Zw}E1¥]3]), DA(Density Analyzer, '@ =441 7]), SDT(Simultaneous Thermogravimetric
Analyzer and Differential Scanning Calorimeter), XRD(X-Ray Diffraction, X-41 3] #4]), FT-IR(Fourier Transform
Infrared Spectroscopy, 32| ol M 3} 2] 2] &334 = A))
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Fig. 1 Schematic diagram of experimental set-up for calcium
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Table 1 Analysis instruments for characterization study of

calcium ammine chloride

' Analysis Model Accuracy
mstruments range
Density Accupyc 130 20% RHL
analyzer pycnometer
JASCO Range :
FT-IR FT-IR 4100 500 ~ 4000 cm”
Ion 833 Velocity of flow :
chromatography Basic IC plus 0.9 mL/min
RT ~300°
SDT SDT Q600 1°C/min
Range : 10° ~ 90°
XRD D8 Advance Step size : 0.02°
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25°C"
NH . .
} Desorption Desorption
pressure at enthal, entro
259C py Py
bar kJ/mol kJ/(mol-K)
Ca(NH3)sCl, 0.63
No. 1-6 42 0.22-0.24
No. 7 63.2 0.22-0.24
No. 8 69.1 0.22-0.24
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Fig. 2 Equilibrium vapor pressure of NH; from Ca(NH;)sClz
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Fig. 3 Test conditions for equilibrium vapor pressure curve
0fNH3 from Ca(NH3)xC12

Table 3 Test protocol for reactor temperature and pressure
with C-1 CaCl,+NH3

C-1 CaCl, + NH;

" Temperature | Pressure Time
Condition (IZ 0 (bar) (h)

1 141.3 1.306 0

2 140.8 5.444 0.4

3 20 5.306 0.9

4 141.39 5.449 1st day - soaking

5 12.4 5.353 0.67

6 149.9 5.304 2nd day - soaking

7 11.1 5.593 0.67

8 12.4 1.102 | 3rd day - soaking end

42 EH= S 2AMo| oI5t gmuo}
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M co(NHy ) Ly
adsorption rate (%) = —————— (6)
My, a,

Table 4 Simple calculations of ammonia adsorption weight
and adsorption rate for C-1 CaCl,+NH3

C-l CaClz + NH}
Weight (g) | Remarks
m0 Reactor 5953.63
ml Initial sample 40.48
Reactor +
m2(=m0+m1) ~eactor 5994.11
Initial sample
Reactor + 6052.97 1 day
Initial sample + 6054.75 2 day
m3 .
Adsorption
capacity 6061.60 3 day
Ad ) 58.86 1 day
Am(=m3-m2) sorption 60.64 2 day
capacity
67.49 3 day
A ti
Material Test time dsorption Remarks
rate(%)
55.7 1 day
C-1 CaCl,+NH3 3 days 56 2 day
58 3 day
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Table 5 Measured density for C-1 CaCl,+NH3

Materials for Density Averz'lge reference
. Run 3 density 3
experiments (g/em”) (g/cm3) (g/em”)
1.22
2 1.23
C-1 CaCl,+NH; 3 1.22 1.22 1.19
SD 0.00
(9% 0.08

Table 6 Comparison between IC result and simple weight
calculation for the amount of ammonia adsorption in
C-1 CaCl,*NH;3

Materials for IC (%) Simple weight calculation
experiments ’ for adsorption rate (%)
C-1 CaCl,+NH; 56.84 58
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Fig. 4 FT-IR spectra of C-1 CaCl,+NHj standard
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