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Cleaning of exhausted gas from diesel engine by using active carbon fibers, origin of carbon
particulates as well as deep upgrading of diesel fuel were studied.

Analyses of SOF included in the particulates and diesel fuel revealed that carbon particulates
come principally from aromatics in the fuel. Deep upgrading of diesel fuel to remove sulfur and
aromatics in the fuel was performed by using Ni-Mo and noble metal catalysts successively under
relatively mild conditions. Sulfur content of 0.03% and complete hydrogenation of the aromatics
were attained by a series of catalyses.

Carbon black as a model for the particulates was completely, catalytically, repeatedly burnt
around 550°C by using mixed carbonates of Li;CO3~Na,CO;~Ka.CO,.

PAN-ACFs exhibited remarkable de-SO, capacities at 100°C by heat-treating at higher
temperatures (600~800°C). Less activated PAN-ACF exhibited stable de-SO, capacities after
regeneration at a moderate temperature. The best ACF exhibited a stable capacity of 8 wt?{ S/g.

Further activation with sulfuric acid provided marked enhancement of de-NO, activity for the
reduction of NO with ammonia at room temperature as well as 150°C. A pitch-based ACF was
revealed to show remarkable catalytic activities in the presence of steam even at room tempera-
ture. Metal salt supported PAN-ACF was also investigated for surveying the possibility for the
catalytic reduction of NO with the ACF by itself.

Based on these resulis, possible methods using package-type ACF for cleaning of the ex-
hausted gas are proposed.
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Fig. 1. Main compounds included in the aro-
matic fraction of diesel fuel.

EAR R & 2RI LK~ OlEfIc oL T
HET L 2o Ni-Mo Al % BT 300°C-140 atm
DS » FREE T CROE UKFELEIT - 1ok
8, 1EORIGTHERDHK 509 MrEakFEt
&h, DBRRIGEZEVEST Lk vHEo%S
BRRFSE (F) BEEEO 059 » 5 6 BRIGHE
T 0.03 £ THBICELD LS, FhLERE
EHROBELTS f, OB DEBED SN D - 12, £,
=0.03 O &R 11.49% O ERES B

LTin, EERShcR7rsr@ifits ser
o7 Vb I VEBLETAFALEE/BET S Y
YR 30% BlEBEEhTW 5,

Ni~Mo fhit =it & — ¥ Ll oS EHEO
FSERKE LB THRETE 2 &b D, BKE
{higth &R HeRuE AV 2 08NS 5, L
ML, Y- EEEMEOETH B
WE 07T wt% SELTHY, KE(ATCHEY
BULEND B, DD, EHEERFTikEE
Wt Lfze Al & L¢ Ni-Mo Rl By G
BB R 0.05~0.10), 320°C-50 atm-1.5h @
SGUFTAEBEY R LMEEET S HESEG
004% &3y, FHREEE LT ICEDL
22.8% K75 -, FIRETRIGKEESE 170
atm & L, 3h ©ORG% 3O RT EMHEEHR
EEFRESRRAEFNEFN 007 BEY 10% F
DL, RISGEEE 400°C E&EEIT 3 &, KIS
FKFEIE 170 3 34 id 50 atm @ 3 h ORIEF 1
[BliF7 5 O & CHHERRZ 003% TTHED LA,
Lo L, HERERIE 1455 00E 30% 270,
FEFEKREOBE /N, BohicEidhs

3

weight loss {3}
& a n
o o &
T T T

@
1)
T

71 a7l 973
Tenperatucel{k}

Fig. 2. Weight loss profiles of the particulate

and carbon black,

209 Oz in N, flow, 400 mi/min; heating rate,

10 K/min.
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Fig. 3. Activity of NayCOyj in the catalytic com-
bustion of carbon black.
209% Oy in N, flow, 400 m{/min; heating rate,
10 K/min; loading level of Na,CO, (wt%): (a)
10; (b} 5; () 2; () 1 on KB; (e) KB alone; (f) 2
on CB-#5; (g) combustion of KB on Li,CQ,/
Nt':lgCOg/K.gCOg.
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Table 1.

Properties of ACFs

Ultimate analysis (w{23)

Surface area

C H N 0 Ash (m* g™Y)
FE-100 77 1.8 9.7 11.0 0.1 440
FE-200 76 1.7 58 16.7 0.2 700
FE-300 78 1.4 4.5 16.0 0.3 800
FE-380 72 15 126 12.4 1.5 380
FE-170 72 L5 137 11.8 L0 220
PilchACF 89 1.0 — 9.5 0.4 2000
Yashigara 92 0.6 0.2 5.6 1.2 1200
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Fig. 5. Effect of evacuation treatment on
de-SO, activities of PAN-ACF.
React. temp,, 100°C; W/F 5x107%g-min/
mi.
O, FE-100; &, FE-200; ], FE-300; %, FE-400.
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Fig. 7. De-NO, reaction profile over PAN-ACF
and its activated form.
NO+=NHz;=400 ppm; 0,=5%; He balance,
W/F=1x10"% g-min-mi™.
I, FE-200, FE-200-3 150°C; 2, FE-200-3
100°C; 3, FE-300 150°C; 4, FE-300-3 150°C; 5,
FE-300-3 100°C.
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Fig. 8. NO conversion in dry and wet air at
several temperatures over reactivated
ACFs.

NO: NHy=1:1 (400 ppm); W/F=2x10"¢
g-min-m{~Y; reaction time=15h.

Dry air (rth=09%): open, Wet air (rh=1009%):
closed; 1, 2: OG-5A-3, 3, 4, FE-200-3, b, &
ACN-210-20-3.

& NO Rt RoBFERT, OG-5A-3 3H
BTH 60% EibRAERL, NINREO AL L
LIl LRAET L, 150°C TH/MhD 45% %R
+h, 150°C PLETRBEUTLER L, Thicwl
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B8, 100°C %FIMl & 4 5 i LB Ol LR O RIS
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DILERIFF o L i 5, HEEEO RN
IEHEETRMES N, 100°C © 129%, 150°C T3
18% #nfb®RAR LIz, 7=/ —VHHIER ACF
(ACN-210-20-3) bFREINEIC X b EEHEE5RE
Ufeds, 7KESHEIMc L v iEHESEL (ETFL,
150°C EAF T2 FE-200-3 © 1/2 ohEx R 3D
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Table 2. Weight loss of PAN-ACT and concentration of CO, produced

Catalyst NO Conversion {25 CO, (ppmp* Weight loss (wt%)”
None 3 — 1
FeCl, 15 — a0
FeClg~NbClg 30 -— 50
CuCl, 82 9000 38
Cu{NQOg}, 90 7800 —
Cu{OAc), 160 7500 30

Reaction conditions: 250°C, W/F=1/50 g-min/m{, NO=500 ppm, 0,=5%, in He.

4 At 20 h after the reaction started.

MROTEE L EPIRES S hic e EEZL 6N B,
HAERASUC X BHABIETF W, iR Lok
IZ &b E i NO OiFEM A~ OFEAMNBEsh b
fehEEL NS, BokiEld7 =/ —HIER<
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