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Theory and practice of ammonia production by hydrolysis

of urea for flue gas denitration

SUN Liqun, WU Chong
( China Huadian Engineering Co. ,Ltd. ,Beijing 100160, China)
Abstract: Flue gas denitrification treatment must be carried out for flue gas in thermal power generation and petrochemical industries.
When NO_ is reduced to harmless N, ,it is then discharged into the atmosphere. Denitrification reducers are usually liquid ammonia and
urea. Due to the major security hidden danger of liquid ammonia, there are certain limits on storage and transport,and liquid ammonia has
been listed as one of major hazards. Urea is the most choice for reducing agent at present. Ammonia production from urea decomposition
includes urea pyrolysis and urea hydrolysis technology, and urea hydrolysis technology is divided into ordinary urea water solution urea
and catalytic hydrolysis technology. By studying the reaction mechanism of urea ordinary hydrolysis technology without catalyst and ure-
a catalytic hydrolysis technology with catalyst,as well as the change of reaction rate , hydrolysis rate and energy consumption random group
load, it is found that adding urea catalytic hydrolysis catalyst manufacturing technology by adding ammonia catalyst changes the chemical
reactions in the middle of the process. At the same temperature conditions ,the addition of catalyst makes chemical reaction activation ener-
gy reduced , the reaction rate constant,reaction speed and response speed faster,so as to achieve the effect low— temperature operation , thus
resulting in lower energy consumption and increasing urea utilization rate of more than 99% ; Corrosion is reduced, which solves the rap-
id change of ammonia demand and corrosion caused by high temperature operation that the ordinary hydrolysis can not meet. It is found
that an intermediate product is formed by the reaction between the catalyst and urea. And the intermediate product is decomposed into
a catalyst,which is not consumed in the whole reaction and does not increase the operating cost of the system compared with the ordinary
hydrolysis technology.
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Fig.1 Diagram of urea general hydrolysis process
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Fig.2 System diagram of urea catalytic hydrolysis process
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Table 1 Data of thermodynamic calculation

ey AHPE/(KJ + mol™") AGP3/ (k] - mol™") §2%8/(J+ (mol - K)71)
NH,(g) -45.90 -16.40 192.45
CO,(g) -393.50 -394.37 213.74
H,0(g) -241.81 -228.59 188.83

(NH;),CO(s) -333.10 -196.95 93.14
H,0(1) -285.84 -237.19 69.91

T AHPS AGP® STR 5300 298 K IBRIEEE IR A Bk bR R IR AR I 1 Pl B B i R AR AR
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Table 2 Molar constant pressure heat capacity

of different substances

L/ /K C, /(] (mol - K)™)
NH;(g) 273~1 500 29.107
CO,(g) 273~1 800 25.580
H,0(g) 273~1 800 32.406
H,0(1) — 75.290

®3 REKBRANME

Table 3 Thermal value of urea hydrolysis

B8 120°C 130°C 140 C 150 C 160 C

AH/ (K] + mol™") 141.61 142.45 143.28 144.12 144.95
AS/(J - (mol - K)™') 458.77 460.89 462.94 464.95 466.91
AG/ (k] + mol™") -38.69 -43.29 -47.91 -52.55 -57.22

1.3.2 #Ah%
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Table 4 Comparison of two urea hydrolysis technology
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2.1 REKBREEST

R 22 373 7K it R A K A 10 SIE B3 A 7 1 4331
7 150~ 160 °C ' H1 130~ 140 C,50% 1Y IR ZE 1%
W 3.53 kg, Hoh 437K 1.25 kg, A 25 CTHE AR
JEWF MR LR 5, B4R 1 kg AR, IRE AL
JKAFAE 130 °CF Y REFE L7558 /K i 160 C H 2>

141 kJ, L2 & 300 MW HLA Jy 0], 75 A & 4
300 kg/h,4Fiz4T 5 000 h, AT 154 REFE 2.1x10° kl/a,
B ZE VRS IR R ] 165 C B AR A ZE 95 (SR M
2 763.29 kJ/kg) HEAT A 2 #4165 °C 1 FI/K 55
4 697.32 kJ/ kg, WA 548 25750 2.1x10°/ (2 763.29—
697.32)/1 000=102.4 t/a,

x5 AEREERETHKERAE
Table 5 Heat absorption of urea hydrolysis at different reaction temperature kJ/kg( X NH,1t)
PREZE B/ % 120 C 130 °C 140 C 150 °C 160 °C
40 9 748.38 9 811.60 9 874.54 9 937.76 10 000.69
45 8 469.94 8 524.35 8 578.46 8 632.86 8 686.98
50 7 426.32 7 473.53 7 520.44 7 567.64 7 614.56
55 6 591.42 6 632.87 6 674.02 6 715.46 6 756.62
60 5 886.98 5 923.56 5 959.85 5 996.44 6 032.73

PRZ ALK A SO B i o7 TR B A T AL
Rl Py T3 3 R RS OR . 130 °C 60%
PREZEIK S L 160 °C 50% IR Z BEFETT 4 7 614.56—
592356 =1 691 kj/kg (LA NH, i), L2 &
300 MW LA A B, 75 & 29 300 keg/h, 4F3247 5 000
h, U5 2 26958 1 227.7 Va, #7285 A 4 110
TO/t, R PR A K S AR FU PR 2838 3 7K A 4 AR
WH N 13.5 Tot/a, & 6 HAFEHLH AR
S N IREFERLA NS L, 75 A ok, IR FE ALK

itk LB K AR A A REFE AN A8 ORAS
FR6 AEVEATHEEFEMETHE
Table 6 Save energy consumption and steam cost

of different units

i H 2x300 MW 2x600 MW 2x1 000 MW
Eo i/ (kg - h7) 300 500 800
50% ~60% i 8 7 1K,
1227.7 2 046.2 3274.0

H/(t-al)
50% ~60% i 4 7415,

o 13.5 225 36.0
WA/ (TTI6 - a™h)

233



2020 4F55 6 HH

ik 4 4 H# K

www.chinacaj.net

%26 &

2.2 REKFRE

MG SCHR[ 15-16] - iR AT 10 °C, Bk
PN R AT R 2 A5, A 0 ol s vy R 8 L 2 i
TR R T, — B A o DURAE )
YRR R .v=0.01~0.10 mm/a, J& T i Ji hbf
BE R EE v=0.1~1.0 mm/a, J& T — T i ik
MR,

ANFIRLEE R, SR 2 R R K4 AR 0 S AH
AR i 0 25 & 3 fr s, IREART 140 C
B, A 7K A 538 7K A ) SO AT AR T ) 3161 A
AR R BEAAE 0.1 mm/a LR, Y9J8 Tt
AR, 150 °C DL b ISF A Ak 7K i 3K 58 7K i
WA 3161 R IR EE K T 0.1 mm/a, 150 “CHY
3161 CLALF— it JoF i b4 L PRLE, 2 FhoK A
1) B 7 5L Y I P I AE 140 C LLR . {H i T3 /K
i By ) o7 3o | LS PR IE TR AE 150 ~ 160 °C
HEAL K A SE PRI AT S 130~140 €100

0.6

~o05F LI

= —o- AL TBAR

= 04t i

£ 63l —~— BB

® 02}

b=y -~

=01t /
O 'l 1 1 1

140 145 1510 15]5 160 165
EATIRE/C
B3 2 Fh R % KM R B 28 5 Ak 5
Fig.3  Corrosion rate of two urea hydrolysis reactors
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ATHHE] 5 000 h, R 235 30 K i R 3 i K 94% 31, IR
RMEILK AR R 99% 11, A RIHLA B AFE IR Z THFE =
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SIETE 300 kg/h 22y, >R FHIR R AEA K B AR AT
BIRE 142 va, T4 33 10/ a,
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Table 7 Annual saving of urea cost for different units

2x300 MW HL4H

2x600 MW HLZH 2x1 000 MW HLZH

I (TR 300 kg/h) (FREH 500 kg/h) (T 800 kg/h)
VIS (iFy T3 (94% ) 1Ak (99%) T3 (94% ) 1Ak (99%) el (94% ) 1A (99%)
EPRERER/ (1-a") 2 816 2 674 4 693 4 465 7 509 7 130
EWHREFR/ (1 a™") 142 228 379
SRR EMA/ (TTT6 - a™") 648 615 1079 1025 1727 1 640
EEIRBE A/ (TG« a™") 33 54 87

3 IFENMA

RIS I AR AT B R DR A AL 7K A 1) 38 R B
2R K A 2 A, SR E TS 7~10 °C L2 A
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Fig.5 Actual operation situation of ammonia

production by urea hydrolysis

FIHAE 2018 4F 6 H R iz 17 IR & A ALK i
75,2019 4 6 H /K fRAARAE I e B 0 K fif 4 ARz
T 5(a)) , ML T far N 65% & 5 5] 85% i, M Jo
FFIEIAE 2 b J5 R VK A2 1E 0 A, 7™ B 5 e ML 2H i
MHEAT . 2019 4F 9 HMAEALRIZ AT, 78 A0 7] T £
ff 55T K s I IR AR R R (BT 5(b) )

2012—2016 4, i T3 38 7K fift iz 17 1 B3 e | Al
% KRG B E RS RO, HIE K ICAH R
Wb PR B (N F A2 81— B, FRIE A 2012 4F
FRURIEAT IR 2 A ALK iR 55, 2014 4F 58 B 38 T
F2,2016 4FFF T 40 TR, s A0 550 i3« i Ak K
fife” T RIEREAR T SO IR, e A A,
PREEW pH M 10.5 FEZE 7.0 2247, 870 T 0l
PR A IR kRIS 32 A TR R 7 A e
REAG, B AL 7 0 2 K TC T A 3, 283 98 s U VA T
HEAFK g R B R K EHE, REHATE N E
A 170 ZEMHEKIER

4 & &

1) TR A 300 0 5 22 A K i A A 5

FE BL A KA AR AR L R F AR HE
TR Tt AN ZEIR SR IR R T 464 $1E
T IO A KRR

2) BIHEAL TR, R AIR T PR 3R K it S L ) i Ak
AE PR T KA OSLE R, fE S PriatTH, IREAE
IR T 2O REAR G 3t 3 1 0 b S ) 2 A, (H R
Rl KR R T 1~2 h i rhif ]

S & 3Lk ( References) :

(1] A, Bk, B, 2. MUBEAS B IR il & 200 T). ok
#1,2013,42(2) :103-105.
ZHENG Wei,ZHEN Zhi ,HUANG Bo, et al. Preparation process of
reductant for flue gas denitrification [ J ]. Thermal Power
Generation,2013,42(2) :103-105.

(2] k&, vl AM, 25, JASBORR PR 2K ke B v e i [ T].
o E L R4 ,2013,33(14) :38-43.
YAO Xuan,SHEN Bin,ZHENG Peng, et al. characteristics of urea
hydrolysis equipment for flue gas denitration[ J]. Proceedings of
the CSEE,2013,33(14) :38-43.

[3] k. KR SCR BUAH IR R B AR HOAR [ T] 2w S 3T,
2015(6) :51-54.
MENG Lei. New Technology for ammonia manufacture from urea by
flue gas SCR denitration in power plant [ J]. Communication &
Discussion,2015(6) :51-54.

(4] BHEAOTRR) RE MK A B AR T]. HoR B, 2018
(6):97-98.
HUANG Lin. Application of catalytic hydrolysis of urea to ammonia
in thermal power plant [ J]. Technical Renovation, 2018 (6) :
97-98.

[5] d#. KA M SCRBLAH IR R ALK AR B ARBFTEL )]
RS IR, 2016,49(1) : 157-160.
MENG Lei. Research on the urea catalytic hydrolysis technology for
fluegas SCR  denitrification of thermal power plant [ J]. Energy
Conservation and Environmental Protection, 2016, 49 (1 ):
157-160.
[6] DONALD C Young, FULLERTON Calif. Transporting urea for
quantitative conversion into ammonia; U. S. 005252308A [ P ].
1993-10-12.
[7] LANGE N A. =X AL#FH[M]. MATT A, T4, 7.
Fent B R, 1991 :1467-1527.
LANGE N A. Lange’s Handbook of Chemistry[ M]. SHANG Ji-
ufang, CAO Shijie, Xin Wuming, trans. Beijing: Science Press,
1991.1467-1527.

[8] FIJIHPBE. THLL ] M]. LA S EH Ak, 2006
62-63.
YUAN Wanzhong, CHI Yulan. Inorganic chemistry [ M ]. Beijing
Higher Education Press,2006:62-63.

[9]  Bligk, skmT X, 4. JREKFH B 5525 )]
)% H,2015,44(10) 46-51.
LU Xu,ZHANG Xiangyu,LIU Tong, et al. mechanism of urea hy-
drolysis for ammonia production ; Numerical simulation and experi-
mental study [ J]. Thermal Power Generation, 2015, 44 ( 10) .

235



www.chinacaj.net

2020 4F45 6 1) %% H K 526 %
46-51. LUO Jun, LIU Guojun. Research progress of preparing ammonia
[10] ZFEW, THE, & &, 5. SR IHA SCR MRS IKREFE IR technologies by urea in gas denitrification[ J]. Clean Coal Tech-

[(11]

[12]

236

FUAK AR ATF &5 RTARF5E ()] b E AR, 2017
(17) :68-69.

LI Chunyu,DING Yanjun,MENG Lei, et al. Development and ap-
plied research for ammonia production from urea catalytic hydroly-
sis of low energy consumption by flue gas SCR denitration
in coal —fired power plant [ J]. China Science and Technology
Achievements,2017(17) :68-69.

HECE. DA SCR MR E PR R B ZHARB[T]. AT
. 2018(32) :181-182.

FENG Qijun. Discussion of technology of urea producing ammonia
instead of liquid ammonia[ J]. Chemical Enterprise Management,
2018(32) :181-182.

S IR B RSB R R AR ALK AR BB

[J]. #4J1%8,2018,47(10) :132-136

WU Yan, YANG Tianming. Energy saving reformation for catalytic
hydrolysis of boiler flue gas denitration urea pyrolysis furnace[ J].
Thermal Power Generation,2018,47(10) :132-136.
gy, ) ZE AU PR L EORWESE
B AR 2019,25(4) :8-13

JELT]

[14]

[15]

[16]

[17]

nology,2019,25(4) .8-13.

ke T, ok B, . AR )T IR KR TR KR 5 i
FE[J]. P EAL T4 ,2016,36(9) :2452-2457.

ZHANG Xiangyu,ZHANG Bo,LU Xu, et al. crafts design and ex-
perimental study of urea hydrolysis to ammonia in thermal power
plant[ J]. Proceedings of the CSEE,2016,36(9) ;2452-2457.
2SO JE I BCHE S5 E A T [ ML dEmC: f o Tolk i AR
#1,1995.

ZUO Jingyi. Handbook of corrosion data and material selection
[ M].Beijing : Chemical Industry Press,1995.
MR, o EAEE TP M]. JEs ik
#1,1992.

GANG Yimin. China stainless steel corrosion handbook [ M ].

& Tl i bl

Beijing: Metallurgical Industry Press, 1992.

BB, sk, DU R A AR A 7= S RN b 4 — IR 4 [ 7]
BEAL 5 %L ,2004,19( 1) :59-60.

MIAO Yingming,ZHANG Wei. Control of biuret content in urea—
based compound fertilizer[ J].Phosphate & Compound Fertilizer,
2004,19(1) :59-60.





