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Development of a New Technology for Controlling NOx Gas Generation on Pickling of Stainless Steel
and Titanium Metal by Nitric-hydrofluoric Acid

Shigeru Kiva, Hayato KiTa, Tadashi SHIMOMURA, Masaru OHTO and Hiroya W ATANABE

Synopsis : In order to control NOx gas emissions on pickling both stainless steel and titanium metal with nitric-hydrofluoric acid, a new control system

has been investigated in laboratory and tested at a pickling plant, which doses hydrogen peroxide into the pickling bath automatically. The

system includes pairs of platinum electrodes and electrolyzers, pumps for injecting hydrogen peroxide solution into the pickling bath, and

their controllers. Results of the tests at the pickling plant showed that the NOx gas concentration can be lowered to 50~200 ppm and con-

sumption of the nitric acid was reduced apparently by dosing hydrogen peroxide so as to oxidize most of nitrous acid on pickling stainless

steel, or as to oxidize whole nitrous acid and go to slight excess on pickling titanium metal. It was also verified that the electrolytic current

measured in the pickling bath was of use as index which showed the concentration of remaining nitrous acid or hydrogen peroxide excessive-

ly added. The amounts of consumed hydrogen peroxide through pickling using this system was about 0.92 or 0.82 mole for one mole of

SUS304 or titanium metal, respectively.
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Fig. 1. Illustration of the new control system for dosing
hydrogen peroxide into a pickling bath automati-
cally in order to control NOX gas emissions on
pickling with nitric-hydrofluoric acid.
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Fig. 2. Illustration of the changes of the electrolytic cur-
rent and the redox potential (for reference) brought
about by supplying the pickling bath (nitric-hydro-
fluoric acid) with hydrogen peroxide, and the way
of operation of the pump for dosing hydrogen per-
oxide following the electrolytic current on pickling
the stainless steel or the titanium metal.

Table 1. Conditions of pickling tests of SUS304 steel and
titanium metal with nitric-hydrofluoric acid in

laboratory.
; Pickling Current Analysis of
Specimen solution measurement | NOx,NO>~,Hz0.
SUS304, annealed | 10%HNO:-2%HF, | electrode : NOx :
and shot blasted 50°C, a pair of nitrogen oxides
surface, 50X 50mm 1dm* platinum wires |  detector tube
with 4cm® of | NO27,Hz0::
Titanium metal, 10%HNO.-2%HF, | surtace area | titration with
pickled surface, 50°C, voltage : 0.02mo|/dm*KMnO«
50X 50mm 2dm® 0.5V standard solution
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Fig. 3. Apparatus for measuring potentials of platinum
electrodes in the nitric-hydrofluoric acid solution.
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Fig. 4. Illustration of the pickling tank equipped with
pumps and pipes for circulation of the acid solu-
tion.
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Fig. 5. Change of the electrolytic current and the redox
potential with time on pickling the stainless steel
with nitric-hydrofluoric acid dosed with hydrogen
peroxide using the new control system.

Table 2. Results of the pickling tests of SUS304 steel and
titanium metal in laboratory with nitric-hydroflu-
oric acid to which hydrogen peroxide was added
deficiently or excessively using the new control

system.

Addition | Threshold | NOx gases (ppm) N0~ H20.
of H20. _|current(mA) | SUS304 Ti (g/dm®) | (g/dm?)
No — 800 700 | >2.0 -
slightly 0 25 = 0.18 =
g 5 <10 = 0.10 =
deficient 2 <10 750 0.05 =
slightly 1 <10 75 — 1.7
excess 5 <10 30 — |33
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H,0, 7R MIC & 5 HNO, DIHBHE# T 5 -8, BREFIE
(389 10mA % LER & 3 5/ gl A n LTI AR L 7=, —F,
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Fig. 6. Change of the potential of the platinum electrodes,
the electrolytic current and the concentration of
NO; in the pickling solution (10%HNO,-2%HF,
50°C) with time accompanying the electrolysis at
constant voltage (0.5 V), pickling the stainless steel

(SUS304) and dosing H,0,.
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Fig. 7. Change of the potential of the platinum electrodes,
the electrolytic current and the concentration of
NO, in the pickling solution (10%HNO,—2%HE,
40°C) with time accompanying the electrolysis at
constant voltage (0.5V), pickling the titanium
metal and dosing H,0,.
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Fig. 8. Relation of the potential of the platinum electrodes
and the electrolytic current to the concentration of
NO; or H,0, in the pickling solution (10%HNO;—
2%HF, 40°C) prepared by dosing chemicals
(NaNQO, or H,0,).
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Fig. 9. Relation between the electrolytic current measured
in the pickling bath and the concentration of NOx
gases in air above the pickling bath on pickling
stainless steel (a) and titanium metal (b) with ni-
tric-hydrofluoric acid without dosing hydrogen per-
oxide.
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Fig. 10. Change of the electrolytic current measured in the
pickling bath and the concentration of NOx gases
in air above the pickling bath with time on pick-
ling SUS304 steel with nitric-hydrofluoric acid
dosed with hydrogen peroxide using the new con-
trol system.
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Fig. 11. Change of the electrolytic current measured in the

pickling bath and the concentration of NOx gases
in air above the pickling bath with time on pick-
ling titanium metal with nitric-hydrofluoric acid
dosed with hydrogen peroxide using the new con-
trol system.
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Fig. 12. Change of the amount of 35% H,O, added to the
pickling bath and the concentration of NO;, NO,
and Fe along with total area of SUS304 strips
pickled with nitric-hydrofluoric acid.
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Fig. 13. Change of the amount of 35% H,0, added to the
pickling bath and the concentration of NO;, Ti
and H,0, along with total area of titanium metal
strips pickled with nitric-hydrofluoric acid.
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Fig. 14. Change of the concentration of NO; along with
the concentration of Fe on pickling stainless steel

strips with nitric-hydrofluoric acid with or without
dosing hydrogen peroxide.
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Fig. 15. Change of the concentration of NO; along with
the concentration of Ti on pickling titanium metal
strips with nitric-hydrofluoric acid with or without
dosing hydrogen peroxide.

RIZ, BRIETEHIZH,0, M FET 2| AITIE, Fig 6~8
TR UKD, BB A0.77~0.84V (vs. SHE), 2
MO BN H10.34~0.37V (vs. SHE) 2D T, [HmEm T,

02+2H++26<_—> H,0, E}?:oﬁgzv ........................ (6)

DS OB LR ANHEA T H,0, BRI 3§ 5 L [FEFIC,
2R AH T,

H202+2H++2e 22H,0 EP=1776V rrrereereereeeenees (7)

DRI B EMNEA THO,BETLIRT L EILN
%,
IhoDRIBEEAL T, BEmEmCIZAT v L AHD
BYECEITHI L2 Fed 4 & Y A TR D (8 )ARD RIE T Fe**
AAVICEBETLENSAREM L EL SN 5B,

Fe3t+e 2 Fe?* EP=0.771V coeveeeeseeennniiiinneeaenns (8)

L2aL, (8)RDKIED ELA(4)RAR(5)RDKILD Zh
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Table 3. Effect of the surface area of the platinum electrode on the current and the potential measured in the pickling solution

(10%HNO;-2%HEF, 40°C) containing NO; or H,0,.

Surface area of

Ratio of current to molarity of

Potential of electrode in solution containing NO2~ or H20:

Case | electrode (cm®) | NO2~ or H20. (mA-dm*/mol) Anode (V_vs.SHE) Cathode (V_vs.SHE)
Anode |Cathode NO.~ H.0. NO.~ H.0. NO.~ H.0.
| 6.2 5.3 357~452 154~234 1.07~1.10 0.84~0.85 0.59~0.61 0.36~0.37
1l 54.8 5.3 533~558 387~696 1.04~1.06 0.82 0.55~0.57 0.34
N 5.3 54.8 1133~1250 1723~2174 1.46~1.47 1.25~1.27 0,96~0.97 0.75~0.77

( Note ) Currem and potential were measured in the pickling soluhons (10%HNO s -2%HF, 40°C ) which contain
,6.2,9.3,12.4 and 15.4 mol/m° of NO.~

,or3.0,6

,9.0,11.9 and 14.9 mol/m> of H:0,.

IZHART0.064~0.169VETH 5 Z L5 5, NO; & Fe*' #
HFFIBERICH T, (8)REKD(4)BLV(5)RD

RISVEERIZEZ 2D LHERIE N5,
F7z, Fig. 6~8IZ/R L7 K512, NO; RH,0, & Fh

ORI COSMRENR 1L 1.22~1.34 V (vs. SHE) XD T,
Rt 2% TR D RIBIZ & 3 KO BMAH % 5 ATREME A
H5,

O,+4H" +4e 2 2H,O EQ=1.220V cteeeereriecnnnennnns (9)

L2 L, EFICEBEEBRER TO O, ZRERZED -k
Mol o, HEEMATOBRITBBES L LD KE
Wiz (Fl AL, PotteriZ X i, HIRD 0.1 mol/dm?
H,SO,H, BHEE 0.1~100mA/cm? THIE L 723 & D
FREIEIZH0.60~0.95VTH B), (9)RDRIEAHNF] X
hzdDL#fERIENS,

Table 31d, Fig. 8 DaRER & 13 BIZNO; F 7213 H,0, % RN
L 723 - BEER R T THE BB OBHE £ 72 3B 2 %
FO~105DOKRMMED & DIz L THlE L - EBRERE
EAL %, Fig 8RB (FHMEimAE6.2cm?, FEMRE R 5.3 cm?)
TOMMERR (r— 20D LHELENRSGRLEZEDTS
%, RKIAMS54.8cm® DG L 5.3 cm? DM 4 V-7 — 2
12T, REATHES3 cm’ DG & 54.8 c> DR % B
ey —2MDOFGBPEBREFTAKIBIZRELS 2, BAIIZ
BAMANKESENM LA, ZTh&b, BZD(4)~(7)R
DB IR TORIDAEERBERTH 5 (RIS &
DR ILAEY) Z &Rl Eh 3,

5.2 NOx D4 & il

Dalin 512 &, 257 v L ZHOR S BBz W

TiE, TEREDUORDKRIEIZ & > THNO, BZEKT B Y,

4Fe~+10HNO, +8HF — 4FeF; +4NOj +6HNO, +6H,0

i&LkHM%@@%W*T@@ﬁEdJM@@ﬁEET
b0, THHPEREO(1HRB L2 RDFEKIBIZ X

TNOx # Z(NO+NO)Z % 5D T, @ﬁﬁ*@HM%ﬁE
dBEEEE > T2 ENOXH ADKRH A% 5 & HeHl
ENB, Fig. ISR L72& D12, SUS304 DB IZERER
BABEZ15SmAEZBL TH 5 NOxARILEh=D T,
IHLTOEREICHIGT 5 HNO,BE Ti2(1HRB LV
(2)RDEERISIZ L B NOx H ZADHMHANFL A LR X &
olleH R NDE, —F, HO,ZHML A2 5

40

SUS304 % @ HiBe sk L 72384121%, FigloloRL7=& 51
BRFBEMRMEA 15SmA & D {1 12mA T 200ppm, 6 mA TIiZ
120 ppm, 2mA T & 80~90ppm D NOx # X M HlE & 7=,
Zhid, Fig. 9DBPAICITHNO,RE# LA B LMD
NOx¥RE ZHE L 72DIZx LT, Fig. 100 HBA 2 HNO,
RELIRT X8440 NOXIRE 2 HIE L7272 & #Hll X
Nd, bbb, BEMBILENEL Z2EBTH 572012,
H,0, # I3 RN RAE L 2 NOx #/ 2 A YER O Wi L
HELTED, BAHEhEINOXH AHMEL ko722 8
A—HWeFEZEND, 72, NOxHF ZDREN(1HRB &
WOHRDFHRISIZ &L 5728, T TIZEEETEDIZ HNO
BEEIZERL TS Figl00BAIZIE, HNO, B »
HO,# Mz & - THA LT & NOx # 2 A4 % & Tic
FFZENEC - e EI OGNS,

72, Fig. OISR L 72 & 912, 2 YV Dils > BEELEIC
BWTE, BmADEMRER TS 1000 ppm Al % D NOx &
Bl Sz, 2, 720 DOBREI21F, BExERO
HNO, 2 54T 5 NOx #/ ADAMZ, BHERIGIZE->TE
JERE A O EEMIZER T2 NOxA S W=D LR XA
%, SpenceriiF & Y D3 >BEEERIZE T BL2EKIEE
LTTFROUHRERL TED O, Zhid EEROHER L&
ALTWn3,

3Ti+4HNO;+12HF — 3TiF,+8H,0+4NO

72, FigllMlIm L2k 512, HO, 8RR mML , B#
BHE Z 3mA THIME L 7234 D NOx # X #E i3 50~150
ppmFEE IR X hz, Thid, PO H0,B1DRDK
JETHEBL 72 NO B L TNOSIZEZ B RIBAHE X 5 7=
wefEHlchs,

2NO+3H,0, —2NO;y +2H" F2H,O ceerrrernenninniinn (12)

NOx # ZHHNICE L 72 H,0, & #RiaC D Fig.12H & U
Fig 13D 7 — 24265835 &, SUS304DBAEIZIT, F
PE R 2 1379m? B K V5773 m? 2 % 1) 5 35% H,0,D
RMERIMERIL50.0dm* 5 KU 167.0dm° TH D, BIEwEHD
FelR 13 14gdm’ B L ' 48g/dm* TH - 7=, T D%
R T, BERIZHNO,HROIKETH D, HmIML 7=
HO0,E(3)RORIGIZL > TTRTHBINTVEILE
SUS304 DR T8 % 55, Fe BHEL 71%, H,0, D T8
&}L%%mQ@mE%lwym3@%ﬁ@%%nﬁa
T5L, NOxH ZMHNIZEL 2 H,0, B L BBt




25 VL AME EUF &V ORS - BEHEIZ BT 5 NOx 7 2 il 7= % D Hifeiba %

SUS304 DIEMRED T HIX, {(167.0—50.0)X1000x1.13X
0.35/34}/{(4.8—1.4)X 17000/(0.71X55)}=0.92 & 7 % , [Al#k
ZLT, FEUOBAICE, RELMEERA 1899m’ B &
116004 m21Z 35 1 % 35% H,0, D BRFERMEIZ 154.0dm’ &
XU291.1dm* TH D, BEEDP O TIRE X 3.6g/dm’ B &

Vo.lgdm’ ThH o7z, TIT, TIDFTFEE479LT DL,

NOx #/ ZAPIEN-E L 7= H,0, B L BIRIZ L 3 7 & ¥ DIE#
BoOELIIZ, {(291.1-154.0)X1000X1.13X0.35/34}/
{(9.1—3.6)X17000/47.9)} =0.82 £ %5 % ,

e BRI LD 27 VL S EHRD(10)RD KE
THRT 5 L3 hE, B TFD LS50 HNO, A AR
+%, ZLT, ZAN3)RDKIGETHNO,IZERS &L §h
12, ELKTFRD15EOH0,WHEBEINDLZ LIZE S,
FREIZLT, F4rvoBAIca)RI L BBERBRIEE LU
(1R & BWBOBAERIDERET S L, ELHTTIO

2EDH,0, MEBENEZ LItk S, LarL Lok,

IR IHhOL X DIZE2ITHEVHO, LMHE I K
Mot lh b, ThEUIMIH0,DWHEEDELTS
Kb Z TV B AREEAH 5., 724, BEDE I A, £
DRI TR,

Bk Fig.12~15123W\WC, H,0, 2R ML= HATEH
HHHONO; 4 A VIBEHRA KT LZDE, b
AL ENOXH AL U THRLAZZ MM, O35%
H,0, DIRIMIC & 2B OFR, ORREEHMICKT S
APEATAIZ & ABEROFER, PERLTHBEHELD
ha,

5.3 (EREWEDOHE

WA BB TERABMR T 2RICHEL T H5NOxH A
% H,O, TR INZ & - T 4B L TEW < 220D
BT YR NS D, EOBREBERINTNLINIE
N R R XOFAE RN

BIR & 512, Dalin 5 I3B# AL AKFKOEMIE 2 ORP I
WoTHIET 2 EREL TS, L2L, ORPIE
HNO,® H,0, & {73 3 HNO, R & A Y DIRE, 55
WEHEROBELZIRTL, ThHICk3ZEHED
HNO, R H,0, B DZEIC X 3 EB R Ltk 5 2 LAk
xLkMETHD, ZHNIIHLT, TORVEFLHHREL
FAETEEL L THOL - BEREBRMEIT, BEBRSIC
HNO, % H,0, HTE1E L Z WA I3 /MEE R L, ZOfE
AYHNO, % H,0, DEMIZ & 5 BRI LR TR B 21T/ E
WOT, HEAThAKTEYERRROEEL L IRT
LLTY, HIABRMEORELELIIRIZLIZED, &
YT 5 NOXBREICEGICHIET LI LATES,

%72, ORPAMIET 3 -0 D BHERIIER, 772
BOFORMEAINBEDOT, W3 ->BIZHTS 5 i B A
W EAREETH S, ABRBETRASHERDOAE
FWCEMRER4HET %O T AR 2D TR, A
VIEFVADHETEEMTH D,

41

Dalinb i3 A 2 —F VD LETOHREIZL T,
70~87% D NOx W HIHE T E A Z L A2 REKXL T BHY, F
HoDOTERBRBRTIX, HO,AME LOBEIZTEHA
ppm~2500ppm LL_ D PEEE THRAE T 5 NOx # 2 & H,0, /M
12X 5> T50~200ppmBEIZT B I EHNTEALDT, TX
HFEIZ BT B 90% T2 D NOx MR I3 R T HE & B b
ha,

6. 5

25V LV AMBEUF 2V DOHS->BEEERIZENT,
NOx 7 Z % #1343 72 IR INS 58I KEDOELH
BT A LW ZRR L 2z, REGNFRED 7281
17 - 7- BEE 5 EEAE R B b L UNEESERTE 7 1~ DR
P A Bl 7 TERMERBROBREEN TS L TOHED
Tdh b,

(1) & ->BBERICREL 22— O AEEMIZ0.5V
DEFEE 45115 L 7=8BA 1 imh 2 ERBER ISR O
AN % 7 18RRI AZORE & EOMEBEEZRTOT,
NAEEEL U OBRILKEORMELHIET 2 EMNTE
77

(2) AT VL ZMOBEHRIZ B CUIEMERS DS 2
WIET 5 REEIOBRBICKERARML, F4 Y OREICEY
TEbFEMIBEILAE SRR 4 3 X 5 ICHRNE 2 HIE
T3 Lizko>T, BkEE _EDONOx # A RE % 50~200
ppmEEICHHITE 7,

(3) TEBERERIZHWVWT, NOx# ZRE % 50~200
ppm R LIRS 5 220 IS R EERRILKROR L Bl
kS THRT ASUS304X 73 F 2 VORDELLIIZ
Fh092%7215082THh o7

(4) TEBERBRICLD, BRILKELZHRML 2EE,
BT ORSIE 4 A v IBE OE T AWMU A WIBAIZ AN
THS Ak, MEOMBENENTES I L AL
77
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