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Development and efficiency of filter device for the emission
reduction from the diesel engine in fishing boat

Kyounghoon LEE*, Sang-Keun KiMm!, Seonghun KiM, Yong-Su YANG, Seong-Wook PARK

Fisheries System Engineering Division, National Fisheries Research & Development Institute, Busan 619-705, Korea
'MT Co., Busan 612-020, Korea

The performance of five kind adsorbents, which can reduce nitrogen oxide (NOx) from the diesel engine occupying 85% of the

fishing boat, was carried out and the emission reduction filter was manufactured and evaluated in the adsorption efficiency of

the emission gas for 240 KW diesel portable generator. As a NOx emission filter made of mordenite which has an excellent

cation exchange capacity was manufactured by ball type adsorbents having excellent specific surface area. The adsorption effi-

ciency of mordenite material applying the emission reduction filter began to show up at the operating time 10 minutes in com-

parison with the activated carbon and zeolite materials, and it was exposed to continue until 100% capability with passing by 20

minutes. So the adsorption efficiency of the NOx reduction filter consistently maintained at the averaged 80%.

Keywords : Emission, NOx, Mordenite, Adsorbent, Adsorption efficiency
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Fig. 1. Portable emission measuring system.

S akol, IPCCOl A Q58T 7 Rl A 34
(ASGAM-2007-5%) & 7} A2 =4 7] (Vario Plus,
MRU co., Germany)E ©]-&3}o] H7}35} %=1, NOx 9]
=242 0—5,000ppmi ¢l o]t} (Fig. 1).
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R L C L
=S A8 4= QU o] 2’ NO 9 NO, 9| 4hshub-g-3}
2h2} 3§ AFSEA 914 ofel Al (1)} 2ok,

NO, + Hy0 <= NOs - + 2H'+e~, 0.80V (A8} 9)) (|
NO; + 2H,O < NOs - +4H+e ™, 0.96V (4314 9)

o] wf, WA sl= A 7o A7]= &=7t A4t 24
Shol Al o 2] (2)0ll oJalf A =L A 44sHE o] 5k
of v] & ghrt.

_n-F-A-D-C @

" 5
o 71 A, i A A F, nS 7FA 1 molg BHAY 8l A =9
4, Fi= Faraday 7§ <= (96,500), A= 7} 2 9] g4k =7], D
= A = (em¥s), C= B A Foll A AFSE] = A 57
A A E O] =5 (mol/ml), = A4 2] =7 (cm)o|th.

1975
Clyy=————— [nOdr)— O di),
5= T=D Qd) — (Q.di)
~|d|+ CLos

L= Amazr X 100 (3)
E3, [d = 24 AR A g B gho] L, Cly= 95%
A2 7Y, div= 7 S0 AAH(AEAES — A
BAHHR), nZ SH 3G, Lo S0 Y 95%
o|stof| 2 gEof et FhS e T

ol 4 AFSE Z kS Al NOx 2 SOx A&
1 BFAJ &k (activated carbon), I H| Lol E, A&
thFet A7)t P o R 57HA] FE R A
A, ZF Al e A L Fig. 2 9 Table 1
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(c) Sample 3 (d) Sample 4 (e) Sample 5

Fig. 2. Five samples (a-e) as adsorbents for emission.

Table 1. Five-type catalytic substances for emission adsorption

. Size of pores Specific surface area Cation Exchange Capacity
Type Materials (nm) (m?/g) (CEC, meq/100g)
Sample 1 activated carbon 1000< 300—500 110.0
Sample 2 activated carbon 20—1000 800 —1000 110.0
Sample 3 Mordenite 55-8.0 500 —600 170.0
Sample 4 BEA zeolite 20—1000 800 — 1000 82.3
Sample 5 Natural zeolite 20—1000 300—600 41.1

Table 2. Factors and condition of NOx reduction adsorbents

Type Flow rate Temperature Amount Reaction time Gas concentration
P (ml/min) (0) ® (min) (ppm)
Adsorbents of 5 types 500(ml/min) 25°C 150¢g 60min Sppm
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Fig. 3. Ball type filter for NOx(left) and SOx(right) reduction.
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(500ml/min)©. 2 & & B a1, 9h-g-7] o] 7k F-f Ao U= FERA e BES S 4= A shal Bl EAEA oA A
Hpo| o 22 F 8l 304 o] 4 A 2hehH A SH BFAIZ] WA T8 7hES57E B S ARS-SFRTH (KNIT, 2011)
%, 3-way WHZ 7} o] 57 25 Hpto] Bhg-7] U 7o AaArobs F2A1S A Ad Ao =8 A7l Al
Hqe A 7—13-’3:—E 1,500rpm, = :‘;‘(_EL, 240kW 2 332HP, &1
Q.

>
s

ﬂ%ﬁﬁﬂ%ﬂié@%F%4§5%€ﬂNm

8]
| NOx, SOx Redu(‘:tion Fiter Device | ‘3‘4 SOx X’] ]'7%]' 7\] = D1 %Ei %1'21]'8]'3 zEHE ﬂ' ?ﬂ] 6]’
| 3R] WETAS A FH S o §ate] 54
| Pretreatment Module | F A 2 A T8 hasg A
| ol gatol ALAEE HEF 24 dolHE Ha 12
| Emission Measuring System | VAo 7 =350 Fig 62} o] A A5
|
| Data Storage Device | 7E4 nl |_ E—cl il J_él'
Fig. 4. Data acquisition processing chart. | 2 4EokE Bl BHEekE o] S AHA] sE el Hiet A
& (500ml/min) =71 3}of A NOx %! SOx A& 5o &
3} A 3}= Table 3, 42} Z-t}. Table 3:= A] 7toj| % NOx

=5 YERY 91 a1, Table 4= A| 7tof| W2 SOx &
et it gh, 2 e &5 i °§$}*&f&%k° Flg
73k o] a2 YeEbfglth T AT A2 32 HE
Al & ob= 2] 10— 204 Abo] ol A NOx7} 5 4-8HA] A 2
Qq 20_1:;% ATk AR 100% A 7k &2
olstg oy, 11 9] Al Rof| tidt F2 A7
10% D1 gto g ggo| WA eyt gakshE ol
| 550l tiet Aatw A aalshET fALSHA Al R
a

Fig. 5. Emission reduction device set-up.

block date time 02, % CO2,% CO, ppm CO, mg NO ppm NO, mg NOZ ppm NO2mg C3H8 ppm C3H8 mg T-Gas, °C T-Amb, °C NOx, ppm
1 2012-07-12 2% 40931 2096 2
2 2012-07-12 2% 40932 2096
3 2012-07-12 2% 409:33 2096
4 2012-07-12 2= 40934 2096
5 2012-07-12 2% 40935 2096
6 2012-07-12 2% 409:36 2096
7 2012-07-12 2% 40937 2096
8 2012-07-12 2% 4:09:38 2096

w

2012-07-12 2% 40939  20.96
2012-07-12 2% 40940  20.96
2012-07-12 2% 40941 2096
2012-07-12 2% 40942  20.96
2012-07-12 2% 40943 2096
2012-07-12 2% 40944  20.96
2012-07-12 2% 40945  20.96
2012-07-12 2% 40946  20.96
2012-07-12 2% 40947 2096
2012-07-12 2% 40948  20.96
2012-07-12 2% 40949  20.96
2012-07-12 2% 40950 20.96

il s s
L R R R g TV N =

=
w0
00000 0000000000000 00

[N N N N N N N N i e i i = i i i = A ]
[N N N S R N N N i e i i = i i i = A ]
RORo R R R R R R N W W W W W W R R R R R
L S R R N R N R R N A i il =R ML AL R )
000 000000000000 00000
000 000000000000 000 00
000 000000000000 000 00
00 0000000000000 000 00
0000 0000000000000 000
000 000000000000 00000
MR R R R R N R N W W W W W W R R R R R

[~
=1

Fig. 6. Acquisition data sample from emission measuring system.
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Table 3. NOx concentration according to time elapsed

(unit:ppb)
Type Omin. 10min. 20min. 30min. 40min. 50min. 60min.
Sample 1 4946.18 4086.24 4356.92 4444.34 4496.95 4535.43 4562.43
Sample 2 4946.51 4538.04 4711.79 4764.27 4783.34 4797.98 4811.61
Sample 3 4944.79 1153.59 0 0 0 0 0
Sample 4 4945.95 4736.16 4750.16 4752.87 4756.55 4764.11 4766.10
Sample 5 4929.90 4640.29 4630.44 4623.68 4620.41 4613.23 4610.28
Table 4. SOx concentration according to time elapsed
(unit:ppb)
Type Omin. 10min. 20min. 30min. 40min. 50min. 60min.
Sample 1 4956.04 4026.26 4346.02 4424.78 4498.01 4535.67 4562.90
Sample 2 4965.58 4545.24 4751.75 4774.07 4785.74 4798.66 4822.11
Sample 3 4972.88 933.50 0 0 0 0 0
Sample 4 4955.65 4738.45 4760.06 4755.88 4757.50 4765.18 4766.08
Sample 5 4930.88 4645.56 4635.47 4623.60 4620.34 4603.23 4610.09
100 v v v v 100 | v v - v
4 s
90 | ~ 90 | -
80 | ~ 80 | -
S 0t 14 iy B 4
~ / —e—— Sample1 / —&—— Samplei
g 60 Il e Qe Sample 2 60 | ,f Qe Sample 2
=] / ——-y-—— Sample3 / ——-v—— Sample3
_%s 50 F /I — —A-—-- Sampled 50 F——- / e —-—A—--  Sample 4
gﬂ 40 | / — % —  Sample5 40 7777: 77777777777777777777 — &% —  Sample5
1 /
8 30 S ——,, ia
20 |/ 20 b
10 'f[ 10 -/77 7.7 —e = ———— @& 4
[ _———l———l——— Ely,, _! | e R e e R o R
0 &= < 0 &= . . L -
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (min)
Fig. 7. NOx(left) and SOx (right) degradation according to time elapsed.
Z1E9] stetdEE F2 245 e B4 23 HEs AddE AR E AR, A d 7 H
(110meq/100g) Xt} 2] 252 o] £-4=3}1L, 100 —200° C = 240 kW H &G o] 54 HHA 7] & AHESho] Hj &
Lo A A& FAH] H&ol —F_# | g 8l = NOx 542 A9 Folega 30% o] st= A A 5}
oM Mg A WRA ol S5stel A GFS  AFshYh £ k2 YA E COx LNOx AL 57
223} 3 4 9ok Mol ek w3k, 7] NOox i h5sHA R, SOxE AW H O 2 AS3HA 23k o
SOx A4 W4]2 vl & o] F oA A3t A5 o] A3t 2ol NOx&| A& ol 53k SOx9] ASF = 7H4
HAEL o] FHZ v EHA S SRR AlEY A Al ool e stk A A o 5o whek A &
)8 S FolHE S4TASS FAT S AT RS 1008 B ST A3 AU S M gAY
< AT A, 71 B2 A 9] HETF ARt 9 < 45 10025 AAF51=F 30%00 A4 =74 7 NOx
of A Fort st EAES §FER & VS o &2 17.6ppmo| 2, AL E & 282 4+
chefatA Aetel FAEL ol HokE FY 4 A FR3SlppmO 2 FAHE A 02 HrhE ATt (Fig. 8).
L A7l gk Ao shelE ok, 2 AT B AT A A NOx A E o] AR E
S 2 Aol A AlARE NOx A2 E o Hie 45 <= Bt 80.01%2 7 e T
2 Bkat7] QIste] 712 w717k S el Higo] AL 7HEeL T 237k gl ol A 7HE A7
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BT ANT - AHE - FES S
NOx Hj &0l EolEe A& & & At A= Alse UHEA O 2 ARE-5hi= 240kW o 418 H Al K of A i
A= 1 COx, NOx&] v &&o] A2 2 S5ttt 4 Aot Aaitshzof diste] 44 &F 22 NOx A7 &
A Attt o= xS 7hE sk Aol A= ekt At s Aok 7R AR & SR
A& 2 0 2 7hs A 3L COx, NOx 2| i & 5ol Alg& A SH, ARk Rl w7 7k AR A E G2 e o
= Ade el AR fEe 7hthE Al & 3 S F=E0] th& Al E ok Erkal sfe2hal 7] 2
o A A& A S W= Fig. 83 o] A4 s B glo] w717k A& di7] S22 uj S8t 7]E ARt
AINOx9| Hj & o] o] A= A& & 4= et o =7t 2 FE R ] fahrt A= Ae 3l AN
e AGAAd oS ASH 22 FAD 5 A= CAA FRE A e S YA S8R A= v A
AL o]t} 7+ ] (DPF, Diesel Particulate Filter)S % 2}s} o] -3
7 S 2, NOx &2 SOx 9| v &7 A4 7] %ol =2 W77k s i AE Al A S Qe B, oFF of
gh, AtEE o V| Ede AAE Havt o dA A S 2T Aol A= ol 33 AV HA o=
3 A2 = NOx o} SOx 9] 72 kg AR-g-3Fo] A2 AR L QLA 7] ol A A o T AR5}
SFATF. Z12] 31, SOx i & %<2 NOx Hlj & of] v] 3ff Table o M 22 st AA &2 el & A%
59F 7o] 20% =< Hholl HA] =t o] <f o] Tt FHE AL A4, 7= 2H Y FET 70%01 3 &
ol e, NOx & & S 7M1 7] 3L SOx & & & o Atk S 7HA L e, ol A2 A EE 9
AATEES wd At A&7t 7t T A glol WA AR ARLHE AT = k=
g 2 RS A S ol AbsEha (CONE B40l ok Aol ek ol e S Frfststel B &L kol
Ao AT 2ot AF AT Ak GHBA o SISk ket B Fel o] Aok Al Bl Bk A& H <
W, AnE ] ba Nnd e RES fEA RS BET 5 Uk FrhE ARt Bast ®
G54 BAR LA Yt 58], Bed dbol A @, 71% A Be 2419 YAARA (PM, Particulate Fil-
WA S QAFBIELA (CO), Bhb ol A WA 1] ten B ALGS) ol A A Sk PME A A Skl At
Ak AR, W ASHE NOO| BEF Ak LEAH 0|2 Q3| WAL 25 H2BHA Aok shui, A7 A
WASE ©F (0) D PR (M) Fol EAlolch utet B AAY 23 Fol A% Bl HAISA PM
A, Fig 99 o] 5% Befo th & NOxe] u| &2 Fol7} o wAjo] ol 1 o] 2 I3t PMo| Hujo] 332 uf
WA NOxS| AR &S AEstgom, o2 /|MoR ol & A RS AASE o] 48E A0 AR
=t
60 a adsorption effcency 712 2 ol 2 o A] AHL ¥ PMA| A €] S-S DPF
50 S
£ 40
§
3 30 c
5 z
o 2]
10
0 NOx | $Ox | NOx | SOx | NOx | SOx | NOx | SOx | NOx | SOx
0 10 20 30 40 50 60 70 80 90 100 Samplel | Sample2 | Sample3 | Sample4 | Samples
Operating period (min) Catalytic compound
Fig. 8. Adsorption efficiency with a NOx reduction filter. Fig. 9. Catalytic compound ratio to verify a emission reduction filter.
Table S. Exhaust gas from diesel engine
Composition N, CO, H,O O, NOx CcO PM CXHY SO,
Total, % 67 13 11 10 <0.15 <0.045 <0.045 <0.03 <0.03
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