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TSUIRN, T RTG53, B AR, ik
159N, LRSS A . BT NTP BoRTE S
WA S HE RO N ] BL43 ) G 5 2 1
A (direct non-thermal plasma, DNTP) i ARFI[H]$%
RIS 2 A+ AR (indirect non-thermal plasma,
INTP) %) DNTP 4528 HLHE S B EH A NTP
SN A AT AL EE, INTP 2R il 25 2 A 2E il
WY R NHEE T, W HES S Y AT A B
K H DNTP AR, 5 G0 i i D 3 b g AT B 3
T A FEL T BRI B AR S AT, DR A AR
I, gemAIHZES.

P AP G NTP B b B S HLHE P e
i 295 RIS L /b, 32 B AR A b AE M
NTP AL A [F) I s A ] NTP EoR b B
ARG R R W2Ry5 ). AR R ARSI
GUT RSO LR P RIR S I, R,
LB TR AR LR AR I R, H0 R
F A R L P P o g O, 2 s U R
NTP $iR LR, 45T NTP LBk L,
S3HT T H R AL . I RE A DR NS F R PR kR
fF15%M4. Alina Silvia Chiper 2575 N,, Ny/O, 57H
T, AEEEAAZER 2-PHEAT TR, T TR
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HEA AT AL TR, F1) 1) DNPH fi74E 74454 HPLC £K
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My sEeh CEIMTEIERS ) « KQ-500DE %!
FEEVENL CRILTE A s & aE R AR |
RE-2000A HUNEHE 75 % 4s ( B4 Es) ) |
CTO-10AS S0 AH (o384 CH AR BE AT o
LA IS CTAER KR 360 nm, HAEHAF]D |

F1 EHNETERASE

Table 1 Diesel engine specifications

1.1

LpDNPH JIit 455 (3£ Supelco A7) « Cleanert
DNPH-Silica “SAARFEE (200mg/1ml, KEEFGh
AIRBHEABRATD
1.2 REHE

K1 N RFERG K. DNTP K2 TAES
N 9.4kHz, HRUE-IE(E N 18 kV, Th# N 123 W,
SEMM P RS E R 2 500 r/min, 2455 8 25%
50%-+ 75%-~ 100%M}, &% 30 min J5, 7& DNTP
SN2 B v R o SEMALHE R 435 N DNTP
RN, KFEME A 4.2 L/min, SRFEEMAE]PRE N
10 min. N O 5 DNPH. Itk &40k A4 AL
RN, SRR I 25 AR A, R 38 S SE M LHE <
IKVFIFTORL) IR 5 0, 0 SR A A 7 oy B 42 K PR D
O BRI ESS AL AR LR/ SRIFSS S, K
KAEE TR B R G, B S0 mL L, 12
AT A A 30 min, KEIRIUR A ROIE R 28 K E R 2

ST C18 A, WA SIEFI 231K,
g R 1.2 mL/min, FE3EA 30°C; SRR WRE T
e, BREEMERYF N 0~10 min, A2 1K
A A 50 ¢ 50, 10~45 min, ZJEERBIA T
AFEGEWL PR 100 2 0, AMRikE .

_Jnnnn

FH: 12

£ %K Name 24 Parameter
KHHIIL S Engine type 186FA 10 mL, EEEA K-
{2 x 4772 Borexstroke/mm 86x72
JE 45 Lt Compression ratio 19
HE & Displacement/L 0.418
bR 52 T # Rated power/kW 6
F 52§43 Rated rotating speed/(r-min™) 3 600
KA
HeiE Diesel Engine
Exhaust Pipe
N
/_\ Pressure TRER
Regulator Sampling Point 1

Sampling Point 2

IKTIELS

E=

: NTP /L4
Vapor Filter NTP Reactor
ORI E A HL .
X Particulate Filter Power o
- ~ C
= @
- @
- o e o 8@ oA um—
DNPH-silica .48 =/ ME )
MR KR LpDNPH Ozone /T\/EZ%% N =C,
Vacuum Pump DNPH-Silica Scrubber Oscillograph
Gas Sampler
Bl KBEAHAEFEA
Fig.l1 Schematic drawing of experimental apparatus
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K 2 brvERE SN 25% 5 g IR HLRE S Al DNTP
AR FR SRR S GRS B . R HPLC BN FE i
I WSS e AT, T ARSI R 13 Fh

2.1

M FRVE ), T NGRS TR T
MY B, WMAEARTT TR RS4RI
BEFIPI R . T AR T B AT

2 FIH T ACEET 13 FIEE. W25 AW b
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TP 5 15 1 R BOR B AR S L B 75 Al 33

T Gy S LU TS I S8 AL A7 A 1) 389 N IR 2 56 98
D FE SIS WS T R EE R SA A
K, 4 B TULC R0 5 83220 15264 25.06-
27.58 mg/(kW-h), ZBE I ELHERCR &S A, 435l
H12.03. 3.47. 8.92. 19.97 mg/(kW+h), PR FI
I POE. B TR TR RPN IAEE
R S LEHE SR AT 50% 747 I IA 2 /b
i, 2051k 043, 0.78. 0.96. 0. 0.25. 0.28. 0.23
mg/(kW-h), X JE 28 R 8 1) B HE ARG AE 75%
Bgg I IS BB /ME, 405024 0.08. 0.04 mg/(kW-h).
W 540 7 HC 7R AL FE A — M AR i 43 7 HC,
A RILAE Y, B RSpHst, &0+
B Ete iz, Heolie Rl SEmbLN
160 !

140

120

100 +

80

Wt FEmAU

60

3+4

40 |

s, SRR, RE RIS fE
JHALSS » RN SE AR, TR A = B T A
TR B RR 2 AR S B M R AR, e Hh A
FERRRE . W25 gt Rk, /i 4
TALIE . RS R e R 2 s B AT
BER, SRMHLEL A IR R, s Kl Ty, R
Sl N T P o e P P P N EE SRS
PR EAC LRI, BRI,
M 24 5 Yy S St s LT, R L S
Qe b R A DA (198 AT B /b EBE 1
] IR E— 2B 190, 6L VR & VRO, R A R
BHN, OBHEAAN TS Ak R . R R A
R PR T et

- BRUERE A Standard sample
25% 11 1af -DNTPAL P {25% Load-before

S 25% 51 fif-DNTP4LFf 525% Load-after

0 25 5.0 7.5 10.0 12.5

15.0 17.5 20.0 225 25.0 27.5 30.0

[} 1) Time/min

W 1.FEE-DNPH; 2.ZJ#%-DNPH; 3+4.4-DNPH+N il -DNPH; S5.J4#E-DNPH; 6.[C G -DNPH; 7+8.] B-DNPH+2- ] §i-DNPH; 9.F 5P
-DNPH; 10.2KH[-DNPH; 11.%/%-DNPH; 125} H K H#-DNPH; 13.C\-DNPH.

Note: 1.Formaldehyde-DNPH;
7+8.Butyraldehyde-DNPH+2-butanone-DNPH;
13.Hexaldehyde-DNPH.

2.Acetaldehyde-DNPH;
9.Methacrolein-DNPH;

3+4.Acrolein-DNPH+Acetone-DNPH;
10.Benzaldehyde-DNPH;

5.Propionaldehyde-DNPH;
11.Valeraldehyde-DNPH;

6.Crotonaldehyde-DNPH;
12.p-tolualdehyde-DNPH;

B2 AR A A 25% Fi 7B DNTP 43837 /5 A 5 b &0 8 B
Fig.2 Chromatography of standard sample, before and after the treatment of DNTP at 25% load

%2 DNTP SEATEE. EO2EiS Y LHME
Table 2 Specific aldehyde and ketone emissions before treatment of DNTP

mg-(kW-h)"

4% Name 25% %147 (25% load) 50%7171117(50% load) 75%%140(75% load) 100% £t faf (100%load)
Hifi# Formaldehyde 83.22 15.26 25.06 27.58
2. Acetaldehyde 12.03 3.47 8.92 19.97
I+ R Acroleint acetone 3.80 0.43 1.54 2.02
B Propionaldehyde 3.81 0.78 1.97 231
[ &% Crotonaldehyde 221 0.96 1.19 3.59
Butyraldih@fdzJJrfliutanone 0.93 0 0 0.99
L7 Methacrolein 2.83 0.25 0.77 1.39
2K F % Benzaldehyde 1.70 0.28 0.40 0.05
X Valeraldehyde 2.47 0.23 0.49 1.96
X} 32K % P-tolualdehyde 217 0.19 0.08 1.19
L% Hexaldehyde 0.96 0.45 0.04 2.53
i it Total 116.11 22.29 40.45 63.53
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Table 3  Specific aldehyde and ketone emissions after treatment of DNTP
mg-(kW-h)"!
4 Fx Name 25%4145(25% load) 50% 4111 (50% load) 75% 5145 (75% load) 100% %7147 (100%load)

FIf% Formaldehyde 19.31 8.19 1.46 18.24
2.1 Acetaldehyde 3.00 0.50 0.15 5.62
Acﬁ@?ﬁrﬂﬁ@ne 0 0 0 177
P Propionaldehyde 1.12 0.37 0.20 0.54
[ 5§ Crotonaldehyde 1.22 0.62 0.42 0.46
Butyral(lj;hﬁféi;ﬁimbutanone 0 0 0 0.23
L 7518 Methacrolein 0.47 0.14 0.03 0.44
2K F % Benzaldehyde 0.51 0.36 0.25 0.55
JX ¥ Valeraldehyde 0 0.38 0 0.10
X 2K HI % P-tolualdehyde 0.14 0 0 0.13
C# Hexaldehyde 0 0.24 0 0.10
5 Total 25.26 8.81 2.50 27.82

# 3 HH T DNTP 435 13 Fhig. B S g
YIRILCHE G . 2 3 PO, SRupLmE . ST g
YL HEBCE W B RS, 7E 75% T Ar iy, HEE. &
1 2 bR AT B B KB, 2390 R 94.2%- 98.3%. 25%-
50%F1 75% T g I A TS RN T BT T e mT 5
LB, WL M5 G bR T bl S L A AT ()
b Ak b s> R A, RS R LA
B, AR 8 o 22 R . 3 U DT A 5B 4
(dielectric barrier discharge, DBD) it #2H ™= A2 1)K
HIWEEYR (RREH T BT MRESRT. W
KA WL WS HA I . WS TR R
N, 2 CO. CO, Ml HO. 54 DNTP 2[4
My I B IRZ, WP 0, WRIE. HES
WRE S HESAE S N R R N () R
FIRIUEIRES: . — 51 Oy MIAFAE v (e HERE . B
RPNAEA R, i —Ji T Oy LR
o, WS e 2 ] LRI DNTP w75 i 129,
SR DX 7 AR, T BRI R
W 2BRAR « TR, 4 O IRIENT 5%,
FEE ) 22 BR AR B O IR FE BT i s 24 O
JERT 5%, BHAE O WBERIHR, HIEE 1) 2Bt
AR SE L SZ B HE S P O IR I 3 KT 5%,
BEE S A 3G I, HER I O, B FRK, DNTP Xt
e 2RV B bR A G, WU O, &R
Z 18, DNTP X iy Jent 2:brae b 7
faf (RIS AT 0 SEMAL/ N iz e iy, SR far
M= AER 2 R RE 3y, KR DBD |
P s, AUZaa 2R FE— e, P AR E Y
SR AR, [RISLRE A Ofr 38 0, W
V5 Y 5 R R BN LR AR K, Lk
R, SEMAL AR, HESWEE TR, O R
I OH JEETESg o8, 958 7 DNTP X i SSy5 4L

PIi 2R AE 1B, DI G N T 75% I, Bl A
Fr IR0, M TR TS G L HE SO 2 M A BE
BRI, PR RE R, APE
SR, HEGREE T, PRI, WL R
PWIRFERITE, SATE DNTP S W2 i B I ()98
b, WASES Ny 73 1l RIS O5 23k O, i
i, B85 T DNTP 6  B2Asrs Y i) x4 >,
AT KT T5%I0, IXFEAE ] S 3 AL,
WA G far IS0, L 2RSS G 1) LG R T i
wan. WEEEITH e R R, NS P,
I H &S PR ER IR, XSET
DNTP AE 5 F i (1 B 7 1 At LR
124835 G4 o
2.2 REAREMNE

FRPHRAH TS, O3 AR, AR
A HLIRS O3 A I BERE JJ AN o S BRI 4
JENEN AR i ORE” A8 ) de K R AR
S E (maximum incremental reactivity, MIR)
55 N AR HE IR 7 (reactivity adjustment factors,
RAFs) P72, DUHPP A4 H R 42 30HE 0 3
HHLAAE (non-methane organic gases, NMOG) X
WE e H . M. MRS BAT LB m ) R A
P, 0 R VS R T T SRS
AR AT HLA BT e SR S BSOS P MR g
e (D T

MR, =5 (NMOG;MIR;) (1

U, NMOG; 7R HER=E e A LU R b HE SO
1B, MIR; FoRFEM AR FVGE AT LA R 5 R A R R
TR

AT L 13 FiE . WRAL A1) MIR ik
4 FRtA R (1) PG DNTP AR TS
(K] MIR g W13 5 JT 7o



%13 1 PAB

AR A5 8 T A E R AR S i L 25 S 35

x4 13FEE. ERRSRMBREEMREEE MIR
Table 4 MIR of 13 kinds of aldehyde and ketone emissions
VR4 K Name MIR 154 FR Name MIR
F#% Formaldehyde 7.2 C./#% Hexaldehyde 3.79
L Acetaldehyde 5.5 KW Benzaldehyde — -0.57
I Acrolein 6.77 TTi 2-butanone 1.18
Propioffalﬂ{iehyde 6.53 I\Te%:ffjfi 6.77
I Acetone 0.56 J % Valeraldehyde 4.41

X R

P-tolualdehyde 0.57

1'% Butyraldehyde 5.26

L

542
Crotonaldehyde

x5 B, BRSEYNEISERRIEY MIR,,,
Table 5 MIR,,, of aldehyde and ketone emissions

LUt Conditions/% (b P l;‘e/lgf;g";reatment) (AbPH )5 AAl:tIZ;u:reatment)
25 764 172
50 145 56
75 262 15
100 381 179

12 5 7] WL, DNTP &3 )5, MIR,,,, W 50 51K,
I ERIE 72.8%, e 75% AT IR 94.3% .
Ak, DNTP AJ A3 RS AL . 28y e
B IR IR B I 5

3 & i

HH HPLC HARMEST T AR T80, DNTP %)
SEMALHE SIS . ST e BRSO, 1B
i

D FEARFURIRIE S AF T, Al LUK 2] 13 Ff
M. W2Evs gy, b HEE SRR, R 12 fh
B s e mR .

2) BEE MR, DNTP ACFRT, W, B2
15 G Ll HE T3 B A7 14 39 0 2 0 o2 S 48 0 1)
¥, DNTP MFEJS, 25% 4. 50% 0t 75%
T, AR, TNEA. T RERN ] R AE e 4 2,
ML T2y e i LR T B S AT A7 A T 385 IR
SIEIRA E IR, (AR A SRR A

3) DNTP &bEE )5, SeimplHEA e M2y 4
IR S AR R TS MIR g W T BRAG, P34 P
A 72.8%, 75% MMk 94.3%. [Kk, DNTP
AT R BRARSE LR « 02875 Qe HETR, AR R 2R
Bimfas.
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Direct non-thermal plasma technology reduces emission of aldehyde
and ketone in diesel engine exhaust

Jiang Fei, Cai Yixi*, Han Wenhe, Dong Miao, Li Xiachua, Chen Yayun
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: A non-thermal plasma (NTP) technique has currently been investigated intensively as a promising
technology for a diesel engine after treatment to abate PM, HC and NOx. However, there is little research about
NTP technique treating the aldehyde and ketone emissions of a diesel engine. In this study, Direct Non-thermal
Plasma (DNTP) technique is employed to treat the single cylinder diesel exhaust. The variation of the specific
aldehyde and ketone emissions of a diesel engine at four loads before and after the treatment of DNTP is studied
with 2, 4-dinitrophenylhydrazine (DNPH) derivatization method and a high performance liquid chromatography
(HPLC) analysis technique. The results show that 13 kinds of aldehyde and ketone emissions could be detected
under this experimental condition. Before the treatment of DNTP, with the growth of the diesel load, the specific
aldehyde and ketone emissions decrease first and then increase. The specific emissions of formaldehyde are 83.22,
15.26, 25.06, 27.58 mg/(kW-h) and at each load are the largest. The specific emissions of acetaldehyde are 12.03,
347, 8.92, 19.97 mg/(kW-h). The minimum specific emissions of acrolein and acetone, propionaldehyde,
crotonaldehyde, butyraldehyde and butanone, methacrolein, benzaldehyde, valeraldehyde are 0.43, 0.78, 0.96, 0,
0.25, 0.28, 0.23 mg/(kW-h) respectively at 50% load. The minimum specific emissions of p-tolualdehyde and
hexaldehyde are 0.08, 0.04 mg/(kW-h) respectively at 75% load. After the treatment of DNTP, the specific
aldehyde and ketone emissions decreases first and then increases with the growth of the diesel load, but the trend
becomes mild and the specific aldehyde and ketone emissions reduce remarkably. Total removal efficiency of
aldehyde and ketone emissions could reach 93.8% at 25% load, 50% load, and 75% load. Removal efficiency of
acrolein and acetone, butyraldehyde and 2-butanone could reach almost 100%. At the same time, total ozone
formation potentials decrease dramatically. These results provide a reference for reducing the diesel engine
exhaust emissions with a DNTP technique.

Key words: diesel engine, emission control, experiments, non-thermal plasma, high performance liquid
chromatography, aldehyde and ketone emissions
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