Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 26, No. 6, pp. 751-758, October 31, 2020, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) hitps://doi.org/10.7837/kosomes.2020.26.6.751
Aukg T Azl SCR A 2=Flo] NOx A= AFE-5 =
H A
O]—U 7].];]]_1]1] ]EJ EZ] /HT,: T,:/H (%ﬂ_le

[ —
* R AAT TNFLATA AYATY, = 3 EAGHSAR g BANIANAZFAT W,
wor 2SO S PP ERY 2o W

Analysis of Ammonium Carbamate Used as a NOx Reducing Agent
for the SCR System of Marine Diesel Engines

skt

NEEEL
Hongsuk Kim" " * Younghyun Ryu
* Principal Researcher, Engine Research Center, Korea Institute of Machinery & Materials, Daejeon, 34103, Korea

** Professor, Environment & Energy Mechanical Engineering, University of Science and Technology, Daejeon 34113, Korea

*** Professor, Division of Marine Mechatronics, Mokpo National Maritime University, Mokpo, 58628, Korea

2 o dukg gAdFe] NOx FUAZ NA] §-golE A3l SCR 7|wo] g AFE%aL ). shAgE AA $-gof tjile 1)
o] AR FHbH o] EE NOx A2 AFE-3HA 1% NOx A& 2 dEYol A& S TolA thdkst Fxdo] ) oo upah
A= R E FhbH| o] EE EA, FTIR, XRD Wi o2 243} =9}

o 4=y ZhtHolEZF =EHAS W =4 W}

i = %: AT =2 T AR > T = =] l fe] o
Z1 A 7tE % WS wES AR Fhubdo]Ed tigk FTIR w41 A%, &4 542 WskstA] g 318 gl ek, 7]
717 &2 GEE JholEx 4R F R0 ER B4 WElds & 5 9y

Abstract @ SCR technology, which uses urea-water as a NO, reducing agent, has been widely used to reduce NO, in marine diesel engines. However,
as an alternative NO, reducing agent, solid-phase ammonium carbamate has several advantages, such as low-temperature NO, reduction performance and
NH; storage capacity. This study presents a method for evaluating the purity of ammonium carbamate using EA, FTIR, and XRD to investigate the
change in the material characteristics of ammonium carbamate when it is exposed to various temperature and pressure conditions. In this study, it was
found that the purity of ammonium carbamate can be effectively evaluated via EA analysis. The FTIR analysis results confirmed that the properties of
ammonium carbamate did not change even afier repeated heating and cooling under thermal decomposition temperature conditions, which may be applied
to the SCR system of marine diesel engines. Additionally, it was found that when ammonium carbamate was exposed to the atmosphere for a long time,

it transformed into ammonium carbonate.
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Table 1. Solid ammonium properties

=i
of
el

)

fo
N
ol
1o,
rE
i

4>
o_%‘,
o,
g:.u.,

=
0%

JE
1o,
Ho
-n
fo
ol

m1m rot

2 9
o
Lob
©
Ho
offf gt
|y oF
e yE
o
2

o &
t al.(2017) YEF Fhdjro
2 7h2soh gEo} 7h29] ¢
}A 3} 7] $)she] o]alslEk
2 A o] R NxATE R
F NOx A7 IshA Abge
HORE 4, duy stRvolE, ¢y shulo]

5 FARF Table 1258 & & A&
B &5 BAE Agure o] &) 714

7

Fapelo] E7} A1¥H-8- SCR A]Mﬂ

—rag
-+ o2

E9 4

rlr 9

o

2 §

oty

AUY:
n1r Mo

o &
n.\.\.: l

km oz

i g M

A7

Of
-
N

2 2 ox |7 o L

ruo‘ %‘l 1~> o,

1_
A=

o roh my Moo
et
kal
fr
o)
[o
ok,
N

Zom o2
ojt 1%
Bomy o

Z ox o

=

e W
e
&
30,
Sl n
ols

o O
et
z Mo

=2
N
)
o

o7 Helth gRF FhuiHe|E
& A= ARREE7] fleiA = Vs o® 0431
g Aol Hob AAIRE 1 Fol A hEE
= ogA ket wel & A% 8
Wi Aol £} bk 270 wmEHUL
w71 S4do] WskelA] gheA] 5ol ele] ha A7) 2
2@ Aol oo we X ATeAE FF Hute] Nox
FUA R GRFE o EE ALESE A9 N ZAER
aal7] gete] o2 Azl Ted FR Fhule] o=
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Urea Ammonium carbonate Ammonium carbamate
Molecular formula (NH,),CO (NH4),COs NH,COONH,
Molecular weight 60.07 96.09 78.07
Density, g/cm’ 1.33 1.5 1.6
Mol NH3 per Mol 2 2 2
Mols NH3 per kg 333 20.8 25.6
Decomposition temp., 140 58 60

NH,CONH, <> NH3;+HNCO

Reaction mechanism HNCO+H,O <> NH;+CO,

(NH,;)2CO; <> 2NH;+CO,+H,0

NH4,COONH, <> 2NH;+CO,
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Table 2. Information of collected samples

ampl .
Sample Sample collection method
number
1 Pure ammonium carbamate, unopened the cover
2 Pure ammonium carbonate, unopened the cover
Pure urea, unopened the cover
4 Ammonium carbamate, open the cover for
12 hours outdoors
5 3 times repetition of sublimation/solidification
(Ammonium carbamate, heating condition: ~ 100C)
6 9 times repetition of sublimation/solidification
(Ammonium carbamate, heating condition: ~ 100C)
7 3 times repetition of sublimation/solidification
(Ammonium carbamate, heating condition: ~1207C)
________ @ Thermocouple ,
E Pressure sensor
E T_/ |~ Heater
DAQ(GL80OCS) N Heater Controller

Fig. 1. The schematic diagram and photo of a reactor for testing
the change of material characteristics during repeated

heating & cooling of ammonium carbarmate.
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140 Table 3. EA analysis result of ammonium carbamate sample
g (made by manufacturer “A”)
g 120
s Sample g g g
S oo A | o N (%) C (%) H (%)
3
3 e / \\ ,’ \ [\ Tempereture Al 33.09 15.06 7.59
o
5 60 ,I \ \ ” \ A2 33.09 15.21 7.56
S ol [ | A3 33.15 15.28 7.60
s ] | N
B L | ~J Y Avg. 33.12 15.18 7.58
[0]
£ , e g e o Std. Dev 0.038 0.115 0.016
0 +——T ==+ = ~—p== L =p T
. 0 100 200 300 400 500 600 700 800 % Rel S. D. 0.116 0.760 0211
Time(min) ;
Variance 0.0015 0.0133 0.0003
Fig. 2. Temperature and pressure change during the test of
sample No.5.
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3.1 o425 FIHIHO|ES 2E 2A %325 %y BTheoretic value of urea
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=g YrRshe Zlo] MEA @A doluid sed gow, B §
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O]E A|RE EA FTIR, XRDE #4513t} 0 \
Nitrogen Carbon Hydrogen

Table 3914 = A AL “A”9] GFRg FhatHlo]E A gl
ek EA 24295 Holet A2 g AA A BEY
A 3714 AR theiA BAska, Pt @ EFAAE ot
At A8 FoE HpHor AV} 331%=E 7HY Zo)
EAs L, BT} 152% a7k 76% EATCL FUEET
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Fig. 3. Comparison of measured nitrogen, carbon, and hydrogen
percentage by EA and theoretically calculated percentages

with molecular formula.
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ubg ] elxl SCR Al2=Floll NOx SHelA & AE5 &= o™

Table 4. EA analysis result of various ammonium carbamate

samples made by different manufacturers

Sample o o o
o N (%) C (%) H (%)
A 33.12 15.18 7.58
(:2.76)* (0.19) (0.11)

B 35.73 15.59 7.80
(0.14) (0.22) (0.11)

C 33.97 15.49 7.69

(-1.90) (0.12) (0.0)

D 34.81 15.58 7.64
(-1.06) (0.21) (-0.05)

Theoretical 35.87 15.37 7.69

value

* The value in the blank is the difference of measured value
and theoretical value.
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Fig. 4. FTIR analysis result of various ammonium carbamate

samples made by different manufacturers.
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Table 5914 2t AZo oA A17)17} 744 e 5702
209 AP EE AUk 8% wEE e YRF
ZhatE| o] E Al E5= 207} 304°d W 7H 7Fgk XRD peak7t
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peak”} UERATE &A% o] 570 peak®] 20 ZtEE Al A}
“B”, “C”, “DrellA WHE AFolA vERE 7P e
peak 20 7t} 3] AR Gtk A AL B A Ee
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FARSE W= QIA W 995%8] i Al ol ZskAl e
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Table 5. XRD analysis result of various ammonium carbamate

samples made by different manufacturers

Sample number 20 Relative intensity

(deg) (o)

274 100.0

20.9 83.3

B 27.0 82.1
304 58.5

19.7 34.1

20.7 100.0

29.3 40.4

C 27.0 20.3
304 25.5

16.6 254

323 100.0

26.9 82.8

D 28.1 40.1
20.7 30.6

19.6 28.7

304 100.0

323 16.3

Pure Sample 19.6 11.8
20.7 9.7

27.0 7.6
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Fig. 7. FTIR spectra of sample Nos. 1. 2. 3. 4 to investigate of

Transmittance (%)

Fig. 8.

the effect of exposure of ammonium carbamate in the

ambient for a long time.
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FTIR spectra of sample Nos. 1. 5. 6. 7 to investigate of
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