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ABSTRACT : NO; is mainly emitted from mixed acid pickling process in the stainless industry and its
impact to the environment has been worried over. This study which may be considered as one of the
development of clean technologies, differing from the traditional end pipe technology is about how to reduce
NO, emission through the modification of comesponding process.
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This study comsists of two parts. First, the influence of various reaction parameters in a acid pickling
process on NO, emission was investigated. Second, the influence of hydrogen peroxide on NO, formation,
which is known as inhibitor of NO, emission, was investigated, Major findings in this study are as
follows. The important reaction parameters which have a great influence on NO, emission are the reaction
temperature and the concentration of fluoric acid.

The concentration of nitric acid, some of which results in NO, compound is not as imporant as the
concentration of fluoric acid. Synthetic mixed acid of nitric acid and fluoric acid itseif in absent of
pickling plate contributed the NO, emission, however, its impact was negligible in terms of quantity. The
addition of hydrogen peroxide to the acid pickling process significantly contributed to the reduction of
NO, emission and successfully achieved 80% reduction of NO, emission at the condition of 9.51X
10”mole hydrogen peroxide,lm2 pickling area. This result was compared to literature value from Avesta
steel process, indicating a sixth of hydrogen peroxide addition of Avesta’s in achieving a same amount of
NO, reduction. The region of the economic hydrogen peroxide addition per unit area of plate 10 be

pickled from the result of this study was established.
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Fig. 1. The schematic diagram of mixed acid washing process in P steel.
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Table 1. The typical condition of mixed acid in acid pickling process
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Fig. 3. The Characteristics of NO; formation from

acid pickling solution in absence of acid pickling.
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Fig. 9. The characteristics of NO; formation in the

long term acid pickling.
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Fig. 12. The effect of hydrogen peroxide addition on

NO, formation.
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Fig. 13. The effect of hydrogen peroxide addition on

NO, formation.
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Fig. 14. Comparison of effect of hydrogen peroxide
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Table 2. Comparison of the results of this study with the data from AVESTA process
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{ ): mo]jm2

s H0. 42 NO. Emission
> B Type of pickling Process . ,
{(mol/m”) (kg/m’)
Continuous operation
- 0.022
without H>0; injection
AB
AVESTA Batch operation
- 0.018
without H,0, injection
KBR - 558x10" "
Batch operation 0.0186
without H;O; injection (0.5939)
3 0.0153
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0.4026)
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This study 5 0.0047
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" 0.0056
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(0.1471)
" 0.0042
475X 10
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0 0.0042
7.05x 10
0.1113)

CLEAN TECHNOLOGY Vol 2 No 1



2@ TN A BAAM NO, A4 S AVHE: At BE 9P

Table 20 vEld & @79 Zge 44 AY |
AE FAF A% TR

25 - — ——— 100
90
& 20 . —_— e 80
0,,, 1| .E. - .
I : -
7 | "R
i S’
g ) Sov Rata of JNOY 10 added HO? * Synthelic o
5 151 €0 5
@ | I o Ralio of SN to added H:O02 1 P Steel B
= by 4 Raloof JNOT10a0ded HZO? AVESTA KBR 1 50 3
g 1. / —ir  Reduction of NOX (%) - Syathetic D
10 il ) Lo X
b~ ®»  Reduction of NOX (%) * P Sieel =
g o}
S -30 £
2 .
R,
o 5 - lr Region ol ecnnome 20
¢ HiO7 acgamin
! [— ! + 10
S e S S
0 — T T T 10
Q.De+D 1.7e1 3.48-1 S.1e-1 5.8e-1 8.5¢-1
H:O: { mole/m? }

Fig. 15. Stoichiometry of reduced NO; to added
HzOz.

Table 2014 2 £ A= ups} 2o] AMIFLE
FUsIR] ¥ A £ 47 NO, ¢ag=o] 0.0186
kg/m’c] . AVESTA(AB)®) Bawchd] &4 F29) NO,
ApAdare] 0018 kym® 0.2 ojg Y ARNE &
I AVESTA(AB)9] @& 24 TA¢ 0.022kgm’ B
the 15%3 5 e #£3& ez vl Avesnad]
KBREH S A% 75%2 NO, HZS AT Fud4
2 FY?o) 558x 107 mole/m’ 22 & A7 AgA
FAFHAA 80%<] NO, H7ZE 9% Iy3ex
FUwre) oF 6sfjo) @It o] FIHE Fig. 159)
veld ¢ ded AAH RSP sL FYFTY
gtell #xstxn LS FF)Ech AVESTAL KBR¥F
e A% 7' AN FAFo] 558X
10'mol/m® 2t} AL ¥& FYdAdE NO HHEd
2 AolF JtHRA ¥$ Aoz FAHG EBE
Fig. 157} 4984 2932 F4€ Reol7] Al o)
HAo Fo& 2%t AVESTAZRIE 3% 729
BAFA o 2Fe)n £ dFe 4g8AdMY
PHFTE A0 2E AEME TIFEEY U
At vElE & Ae FEE Y7 olFn AN sA

107

9] Z4e] plAle FFE YR JlHse Fo] oid
7} FAEHY ool Wi £ Frt Ladun
AZrgch, ¥ Fig. t5¢] Fig. 142 P P& Ao =
A3trs FLARE BAEAT

Fig. 15¢14 2, &% P AW 2t £9& A%
& NO, A4 AHNZE A% HAAdsd Hrl A&0l
T4 AMgede oz 2H A HoluA] ¢
ASE & + I

5 2o ¥ AE

B AFs AT 2AE NO B4E,
AFP aANE "BRNPe2HN JAFE 72
FA71€ 479 ot dFUELEE 2HUH
2 34 FAANA A FARAESTE AT NO A4
o J%& vlXa NO, A4 AR Fbstid
717t NO, HAL %A A=A d dg A7
olcy. & dpolM d& F4 FAAZ KoY O
% gk

L AAurgo] AgFolA] A 4 £4(8 N&
THE TALDNAE NOS B4 BEY + AN
ov I 4E AAMA BAsE NO, o uldd
FAE B2 vo ok b4 AIHE FIHAZ A
we}l NO, A ZFL F7ksht NO, 2 #ko] 4 Hi
disted FrbetAE ek AR Ele
794 7heAel Ao 714 BEVE gasdich
NO, A4 4%& vlXc F8 qAddsrzs B
FE, B22E7l ed NO, dA4 e HEd 2
NErY FFE BiEE viid ax g T
gdolr BReTr 1%FE E7ME ES 0162
mole/m®£0.032 AT NOJ} =713, AdETr)
EMNEAANN 1%AE 278 AS 2.96 % 107 mole/m’
646X 10°9) 'NOY S718e € 4 itk o] AS
o] Z718L B4 $E 1%F7H0) ©& NO, 2 F
i vng o oF 19%¢) s|Fstch. NO, A4l
g ddere 4L ¥ 2xdA Frhdled
30Cal Mo NO, A ¥ Yutael 8% V4=
Q) 50~55Co} ulshed oF 24%0] B3t

2. ¥R AMEg N HAE 33 ¥ AR
NO, #A4L AT o dZ 4HM g9 NOAA
FAYE e A2z ¥F A 43 NOE
ARANE F A FTA EFo] &4 Fo 433
o] NO, w ) FYgg vixe A2 FYPPh
ole{gt ¥R AbAlEde] NO, Aol At 2o

A7« A2¥W A1z



108 A&, o)A 9, o34,
g} 225 Aol BAFUG

3. A 1) B NO, B Fe rlAle
FEe AR FLgo) FIYLE NO, AT 3
292 2 4 Ak F#F49 FYFETF 951X
107 mole/m’ Y] NO, A4 AL #itsi5ad HH

F3tA] ¥& Ao wmslo o 9% g

ol ZAF}e FFINEYE o8% M=
B AAE Ay =7 AFFLE FYHe &
A Avesta AHFTANAN L PJ=o NO A4
AZEL A7) 9% 99 AANEAT AdEe
A FQ#e sAEelt HiasFd FYUFETF
9.51x 107mole/m’ ©]4 FUF ZHolE o oY
NO, 44 Azo] o] Fo|x]A) g¥o} T o] FHihg
FAael FUo] GE NO, 44 HPELE] B AL
Z Bedth 484404 g8 BPHSFL FYd
m}E NO, 44 AP AHYE o} &3t v HABA
of 3 AAH FoHFLF UERE 9L 4
Aagoh 28y o A7 ARE ¥F TES
A 2R 2837 ASME HHFTATREY Aol
AN 2= RA5S Bt AYsH HEE 840
)t}

g Al

B AFE 1995d G7 ALg/FF 337N
2 By dAFe] Yol o3 FYHJLH A7y
Aol ZA=yg Ut 222 37 A%Hd A8AT
5 22 228 F4 299 Avesta-Sheffield ABF
F V729 S. Lumner{ AT ZAI=P )

St T

1) Shuisky, G., Andersson, L., Eriksson, I., Karlsson,
H., Moberg, A. and Nilsson, L. L. : "NO; Emiss-
jons in Pickling of Stainless Steel”, Jernkontorsts
Forskning D 367, Jemnkontoret, Stockholm, (1981)

2) ¥4, 2T, AT "ATENA TH 8 No,

AAge ¥ R ALDAT, TRAR JledT
&, (1995)

3) Karlsson, H. T., Nilsson, L. L. O., Schuisky, G. and
Bjerle, 1. : “Control of NOx in Steel Pickling”,
Environmental Progress, 3(1) February(1984)

4) Lunner, S. : "Experience from NO, Gas Removal
and Acid Recovery in Stainless Steel Pickling”,

CLEAN TECHNOLOGY Vol 2 No 1

ojlg8, A, WA, AHF

ENCO-28 Meeting, Brussels, Apr. (1991)

5) A4, o)A, o, oJdY, PN, T .
“rd FFNM NOg A4 As7IeZY st A
£ Be|rigd #F A7, AAAYIeAT
2 A= 34, olFuy, 15-16(1995)

6) XA YF) A2, “2EdE s £AF A
A <y, 88-C-0050, 102(1988)

7) Karisson, H. T.. “Liquid Phase Oxidation of  Nitr-

ous Acid by Hydrogen Peroxide”, Acta Chemica

Scadinavica, A 37, 241-246(1983)



