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Development of an Automated Analyzer for Nitric Acid, Hydrofluoric
Acid and Ferric Ion in the Pickling Solution of Stainless Steels

Tomoo TAKAHARI, Kiyoshi MATSUI, Hiroshi ARIGANE and Masayoshi Kosaka

Synopsis:

A new analyzer has been developed for automatic sampling and analyzing the acid and ferric ion of the

pickling solution of stainless steels.

HNO; and uncomplexed HF concentrations are determined with the ion selective electrodes after sep—
arating metallic ions from solution with the diffusion dialysis utilizing an anion exchange membrane. Fe3+
concentration is determined by the spectrophotometric method after decomposing ferricfluoride ions by Al-

(NOy); solution.

The influence of ions in the pickling solution on the dialysis coefficients of HNO, and HF through the

anion exchange membrane is investigated. The apparent effect of higher concentration level of HNO
is corrected by using a calibration curve made by running the standard solution which has the similar con—

centration to that of the sample solution.

3

The correcting method of the coexisting ferric ions for the determination of hydrofluoric acid is deve—

loped.

The analytical accuracy (d)obtained by the new anal
55 g/l), HF (13.1—-37.6 g/l) and Fes+ (11.3—35.3 g/)
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lon exchange membrane

Volume (ml)

Type . — Area of membrane(cm?)
Left Right
A 400 20 38
B 200 20 50

Type B is the cell for developed analyzer.

Fig. 1. Acid dialysis cell.
Acid Analysis Ferric ion Analysis
LSampling of Solution (300mm LSampIing of Solution (0.1m!) ]
HCI-KC| Buffer ]
LFiItration ] Solution (92 ml)
Lsolution 8% AI(NO,)s
Heating (40°C) ) Solution (3 ml)
‘ 1% Sodium salicylate
[ Diffusion dialysis{9min. ) j solution (5 ml)

‘ diffused acid sohitlon [ Mixing and Standing (5 min. ) ;

] Sampling (5ml)
0.5M - :
Sodium citrate [Réazgmngm?f absorbancy ‘
solution 50 m|
Reading the mV of NO,”, F~
ion selective electrode Fe(g/1)

HNO, J Correction of
g/1) Fe
HF (g /1)

Fig. 2. Schematic diagram of analytical
procedure of HNO; HF and Fe.
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Z# Fe(NOy);-9H,O #Kic ML, LiRomring
T I RIRBHRER L.

7= VBT LY Y AYKEK: (0.5M)
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FVFAEE F b)Y AEE: KCHEMLT 1Y L
7o
BB Y v AEERE: 0.2M g 6.7ml »
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L.
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3.1 BEBIESDILKREAITHE

BEHEYSYE % 7o ERYEN 300ml % X b, BRUEKF DI
B (FeFy-3H,0 %) % 5383 %. LEEN&EEL—EC
FTHLOMEAL, B4 v AZHBET 9min B0 L LA
BENTS. BEflE Sml HHEL, BEEKRELTY
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Ebbl-8, $oMERTTS.
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YA 3ml HEmML, 1% vV FaAEr Y v AR
¥ Sml Nz CHREIE, 520nm OBRKELHEL,
Bl o D BER Y AT 4 VIBEYRD L.
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4.5mol/M-m2M/l i 5 4 H FA#iI 5mol/M-cm2M/I
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THYEOE 4Q (mol/s) 13X, FHIOEDOBRE C), Ca

— 113 —



1614 % & M

# 70 4 (1984) Hllg

)
—
8

.

Potential of diffused acids (mV
o

HF

0 10 20 30 40 50
Dialysis time (min.)
Solution : HNOj 96.3g//-+HF 31.3g/!
Dialysis cell : A type
Temp. of solution : R.T.
Fig. 3. Effect of dialysis time on NO,;- and F-
ion selective electrode potentials.
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Concentration of diffused HF (g/1)
Concentration of diffused HNO; (g /1)

O = NWHEOOOJd XY

o

0 20 3 4 5 6 70
Temperature (°C)

Solution : HNOj 63.4g//+HF 17.0g/!
Dialysis cell : A type
Dialysis time : 30min
Fig. 4. Effect of temperature on acid
dialysis.
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K 3B RETHA VBB L 2TEL L. 20D,
W, SO KEROBENR L BT T 2B OERE
WELOTELATRE®ELADS. £ T 63.4g/l, 4
2fbkFEEE 17.0g/! oG5B EW%% Fig. 1 oz Ah,
CofeFYERECANT, BHEME 30 min B0
BEYL LN KR EOMEBY Fig. 4 wid. BE
DEFENRENZ &0, WRE—ECTZ LEN H
5.

IVHEDZEE % +0.5g/l DRIz 7o & FDRED
APARIIL Fig. 4 WRL X 51, SobkERTIT
9°C LI, BRI 40°C M55 5°C LINTH 2 = &
boiols. Zhinbefke L C BEREED +£2.5°C

AQ:KS(CL—Cz) ThbHbIh

g 30 4 50cr |
o ® Area of |
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5 38cn
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10 20 30 50 70 100 150 200
HNO, (g /1)
(1) Solution : HNO;,
Dialysis cell : A type and B type
Dialysis time : 10min
Temp. of solution : R.T.
(2) Recovery(%)
Concn. of diffused acid

= et . x 100
Concen. of acid in sample solution

Fig. 5. Effect of concentration of HNO; on
the recovery of HNO,.

PRz sz Lz Lic. REREZ, HBTSREA
DEBIVNELBFITHBH, 14 vERBEO LR
S XNT-DT 40°C & L.

(4) BEEOPZE

B A A v RBRIE CIREGENT S W 2 1l & 5oL KRRE
DEUREHRF 4 DERIZOWTHTN. TDORE, H2ofk
AKEBOEILRL, FEEE 50cm? 0L X, BRECH
i 12% —ED ETHo. —FihsEL Fig. 5
AT IO BEEC b3 ERELREL BT &
Aot BINRIEEEOBEWIZE KR E V.

(5) HEFBMBEEOXE
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& & OFER BB T 55O REROEEY, Wik
—EERE L LR ANEE & S KERBABREAVTL
bt FORER, SHobkERIL 40g/l FTHES
ok, EEEERINERCIIEE N oot L, Fig.
6 IR LIck 5, S ofbKKREBEEUERILLFHBRE
BEL ehiEERE L Inofe.

(6) HEFELBM A VEEOEE
BGERPCELLTEERTWAEZ » A0#EFEOE
B OWTRA~NTe. WEREURERZ, #14 VIREBIR
o —EThote. —HsoMb kKFEEL, Fig. 7 &R
L7k 5, HETHSEA & VEBENKEL DT LENE
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I ik, 10g/l F CoORFERTOWTHENA, BREIY
Rieds g B, »obkEBEoWTiL 33.8%
R L 3.8% N IHBETHD, WEAL 50.0%
U £1.3% BEOCKEE CRIALEBHTELIETD
e, ZHITETERE 200 cm?, HHTERR] 30 min o fER
ThH5H.
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Recovery of HF (%)
o

7~
° N @ % e 0w 2
Coexisted HNO, (g /1)
Solution : HNO; (10~150g/!) + HF 20g/!
Conditions : same as Fig. 5
Fig. 6. Effect of coexisted HNO, on the
recovery of HF.
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Recovery of HF (g /1)

0 10 20 30 40
Coexisted Fe (g /1)

Solution : HF (20g/!) + Fe(0~35g/!)
Conditions : same as Fig. 5

Fig. 7. Effect of coexisted Fe ion on
the recovery of HF.
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14 vEREEBRO BEHEEM, ABBEKo pH
1H VBER X OThbb., 201w, BiEE s EA
dVEBOWMACHBLCONL 7= vEEF Y v A
TREERE L THAVA Z e L. 7 = VER K
BLREVIDABIMITH A4 VEBENKE RS
Ly TRV T ABIIT ANV ETH D DR BENR A
Mz % LziEheEiny, RELLBREMSZE RS
CEFEOBEMIC LD BEMEEL 0. HINEEY XD 57
o, g 31.5g/l, HoftAkERE 10g/l DERERY
10 min F#7 L% S5mi B LT, 0.06 M 75 1.0
M DORED 7 = /Bt Y v 2% 50ml #¥%EML,
FRECKTHWBAF v ELORAF v OBEBENY
BB L. Z R, WEE b BMITIERBEREIC IR
T5H, 0.25M LUFCEIAH 1/5 /X toted

T, 0.25M OBEEEREBCHEM THZ L. =
IS ERBEC LDk, SEBETCIIBRROMENKE
<igh, BERMCKELMEL, SVEILEET 5 A EEM
MBI DTHDH. I L hREBW O pH i3 6~
L, 1A VBB Z=VvBFI )Y aDRT2.3 Lcs.
4-2 AT AFWEORFER

TEER -5 1L KRR VE R P D#k A 4 ik, Jx Kk 50g/
L<BVOBERKDZENDD. DX LBEDSY
MCTBBREESMEIHO LR TV, BRI EY
ERECHETHEE XTI TS, 0.1ml v
VY IS LUTERRERERTHAETS L E L, EED
B LR o, Lal, REREL LUL, KELR
TELRETE NS DRBELENENRDH DI TH Y F LR
FrUV v ARHEWAEZ L.

4-2-1 Rfagk ligd pH o2

) F AT () 14+ v REIBELEIOEE
pH #ipx Fig. 8 Rl X5, pH 2.0~2.8 M
e, Zoted, BEEK - LT Clark-Lus &
WD (BRI VY AWK TERTA2 2 L1t L
fo. TR 0.2N ERE 33.5ml+0.2N HH(kH v
v AW 250 ml+4 7k 716.5ml (pH 2.14) TH5. L
L, ZOBEWEOREREINIINE e, BEBEOF
N O0.1ml OBERREIORWEET L =7 2B EY
FUBF ) Y ABERERMNTHZ EC L.

4-2.2 FEEET I = AGRINEOKRS

-5 LK EBBERF O A+ ik, FeF2r
FeF,* & 700 Tk, vV FABMERMLTLE M4+ vV

].0 T T +
o
0.81 |F>P-PT-
—_ [
[ | |
¥ |
L 0.6 : A
> |
€ |0ptimum
o IpH
3 0.471 e 7
a |
< 1
|
I
0.2 I
[
I
0| ; } , :
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Wave length : 520 nm
Cell lenght : 5 mm
Solution : HNO3 40.2g/!/+HF 31.6g/!
+Fe 23.8g/!
Fig. 8. Relation between pH and absorvancy

of the sample solution,
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Absorbancy (-log T)

0.80 —r ————r—t——
0 5 10 15 20 25
Concentration of AI(NO,), solution (%)
Condition : same 'as Fig.8
Fig. 9. Effect of concentration of AlI(NOj;); on
decomposition of ferric fluoride ion.

BELCIIREA L. DDk 4 vESHT S
1o, 7 A3 =0 ABREHRM L. ZOREE
JERIPH A RS D701, THEESE SR HE (#k & LT 23.8
g/l) &% oMbkFEE 31.6g/l LAsEk 40.2g/1 DA
B Sml b, Zhic 2~25% DB 7 L3 = 4
W 3ml L 19 YA b Y v ABK Sml ¥k
L, 520 nm OWKEHRHE L. ZoOKESY Fig. 9
TRT. Tho LT A3 =% ABWIL 8% DB
% 3ml Fd A L.

43 BAHEOWBIERE

4-3-1 WBEOEEDOHIE

4-1-1 (4) & (5) RO WBOBBLHET 57
¥, BRI OMEE & 5oL KKRRBIERE L NET 2%
B L VS MUK ERESEERR L ILBENT ¥, T 0
ERETOLOIBERTOMTAZ LIt L. Thic
Lh, RERBFCHBOFENE TN L7, BEI
HXHBWCHEI RS it .

A5 VERWERL, EREL O RE M B
DI, SOOI KREGY O ZLENDD. 2
T, TOREBREMECKHATSC L L.

BREERRYE & LT, 7R 120g/l & 5o({bkKEE 40
g/l obo (Std. 1) LTiEE 31.5g/l k5ot KFERE
10g/l o (Std. 2) #HW5zZ L.

4:3-2 HEHAA VOBEBORIE

BAF VOBELRHIE LI-ED .5 Db kERRIEEE Crx
1, ROA(1D) E(2)1BRDB. BT DOLHDEKE
@(%fg% CFx(app.)a %@%&% EFx(app.) LT3k,

Erx(app.) — Ersi=ar logy (Crsi—Crx(app.)) - (1)

Cre=Crxapp.) X 1/A eeeeemmemii, (2)
Z ZC Crsr, Ersr ZEB¥ERK 1 0BE L EBEMY,
ap IZEHEBK L L 2 20 bRDEBREROFE L RT -

F7, R(2)D A 3EBEOHAF VEE CEIT 55D
{EAKFEB O EINE T, A=10-«lFel+f Ficist,
log A= —a [Fel4 B wcovrrrremeeenenanennunnns (3)

MHRD S, X(3)D—flx Fig. 10 it a & B

2, A4 VRBEERRSL S OR A 4 vEBOREIC X
TELLBETHLSL. 2D a k Bk, HOMLDFEXL
DEBEOY A + v EEG LS LK RBER X D PTEEY
AuwToHH L, Fig. 10 w44+ 5K X » R, BERK
POWTARIC 2 vE L —ZRADLTEL Z &L D
R(2)PHEZhD X5 L.

5. SMEERRER

51 EEORM

EE O AR AY Fig. 11 R4, H=2=, i1l
HERC L) HEIRTE D, BEROTRID Lo,
S ECLABTEFT 5. Fig. 12 i oWmEEALK
DEERMELRT. R LA s - OBEATLE
B L7, BWoERCREMRESE AV, R JOR

Recovery of HF (X100%)

o
—

0 10 20 30 40
Fe (g/1)
Solution : HNO; 30~60g/l+HF 10~40g/!+Fe 10~35g/!
Conditions : same as Fig. 2
Fig. 10. Calibration curve of hydrofluoric acid

with the developed analyzer.

Acid analysis Ferric ion analysis
unit unit

Measuring unit of
I pickling solution
and buffer solution

Diffusion dialysis
unit

(Pickling solution )

|
Sampling unit Measuring unit of Reaction cell for
for cooling and Diffused acid and decomposition of
filtration Buffer solution S'eF 3 and color
evelopment
} T ) I
Heating unit Measuring unit with Measuring unit

NO,, F ion elect-
rode and reference
electrode

with spectrophoto
meter

rControIIer, Computor, Displayer and Recorder. —|

Fig. 11. Outline of the developed analyzer.
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Press. Air

in 1
Sample out ~«——— |
Standard 1 out

Standard 2 out

]
|
i
i
Standard 3 out [ 'ﬂ |l @
| !

Sample

n iy
Standard 1 I - MM
Standard 2 in
Standard 3 in 6

Water in |

Drain 1 1

Drain 2

BB T 7 R YR B BRI O X OBRES
HoTW 5B,

L. v 7y v r7%kE: BREEROABESHRITS.

2. [EiRE: AHNINCBERY —ERE CIREEN X
5t b D IR REE .

3. JLEcEME: Fig. 1 oBx A4 Fo¥%E. KL,
WO ABHFCEAEH LI X 51, EEBIR, B
BOMLT R TOCERFOREMADOL 1 I v 7R < 5 5 L
7.

4. r=VEEF VU U A BWITERE: RERK 50
ml ¥FAETAHLDHOLDT, A—"—7r—-fREL
7.

5. BWTEEE: IEGERW 5.0ml 23 ET5
HE T, BERKILCOEEY R L CHERCRAT
%X 5L, AHREED A Er ot

6. JERE ZHICIIEEE A A VBRIRERE SO A
4 VERBEH S L O FRFRCRIGT 52 RER & B
Bl ounwTnwisb.

7. 74anx— BEREBBEETEIDYY 7Y v
FUTHA A+ VBEXRIET 5 5E, B ORI
B I 5t AT L.

8. BEBWIIEEE: REYLELIRILDOHE
Y b Vv ARBEBE 92ml R ETLEE.

9. EEWIEATEEE: MY 0.1ml RitET 3
RiE.

10, RUEHE: S bkgsthx oL, g1+ v HAE
T 5 b DRE.

1. WEEHERE: RE Ly FABHEORER
DR HEA 520 nm DR THIE T HELE.

Photo. 1 it pythEBEAMGD FHERL. R
DOTWEONFEROERB 2 v — % (BE
ROM 16 KB, RAM 1KB) ¢4 7%.

5-2 KEOHEEE
ST E O HBERCII I T O fe % b 7o

Reagent 4 in

Reagent 1 out
Reagent 1 in
Reagent 2 out
Reagent 2 in

Reagent 3 in

1. Sampling unit 2. Heating unit 3. Dialysis cell
4. Measuring unit of citrate solution 5. Measuring
unit of diffused. acid 6. Measuring unit of HCI-KCI
buffer solution 9. Measuring unit of sample and std.
solution 10. Reaction cell 11. Spectrophotometer 12, 13.
Pumps of reagent 14. Pump for spectrophotometer

Fig. 12. Flow diagram of the developed
analyzer.

Photo. 1.
analyzer.

) BEEUEE, EEBWRO VTV v, S, BIU
Yk, o bht-T v 77 AL X ) ETT AR B
e FEB L BB S, BEOHACIZERL ToNT
LHERE L B bIHEIC BBy v 7Y v 7,
TAMREL HFOT V5.

2) HFOKER, Bohic M VBREEBO BRI
LOWRIREEN SRRIEBRE L 14 vIBEXHEB L, fiE
T 5 FHEBERE

3) FV ey ME, BEOBIERIE XOOWHRY
FoRT B FBRE

4) EBERwOBESLHEEOBEERLLEYRET S
RIERERE

BB ¥ o RRER O B fF % Fig. 13
@, EEEE SABBK E TELTONT 2 20WiE
V% Fig. 14 wiid. oo CEEBKL L 2B
FARBE A O 50 0T, EERK 3 IS TA
BREBEHEAY S HB1DDOLDTHD. EHHIE 72min
Y ET LN, BUEKOBARELIRETHL D, KM

View of the developed
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Process Tmeln) 0 2 4 6 8 10 12 1

1. Washing —

2. Pour hot sample solution L
into dialysis cell

3. Dialysis

,’T Mv?asuring?sampl;r_ N
standard 3 solution

12’ Add the buffer solution

137 Add AI(NO,)s solution
| and salicylate solution

{ 4" Color development
L5_ Measuring of absorbanch L__._____:_J

_\F»—‘ Ferric lon
4 analysis
-— Acid

analysis

T

" Ferric fon |
|
|
|
!

4. Measuring of diffused acid
- Add the citrate solution

. Stirring solution in the
electrode cell

7. Standing

8. Reading mV of NO, and
F ion electrode

. Washing

[ N6

(o]

Fig. 13. Process for unit analysis.

Sample Analytical time (min. )
solution | Procedure 51950 30 40 50 60 70
.10
Standard m Samphngzl,w
Solution 1(2) Heating b
1 :
(3) Analysis L 15
, 10
Standard (1) Sampling ':53 5
Solution {(2) Heating =1
2 . P15
(3) Analysis _
— 10
Standard (1) Sampling =3 5
Solution [(2) Heating =
3 (3) Analysis LR
10
(1) Sampling =
I .
Sam?e (2) Heating 45
Solution T
(3) Analysis =

Fig. 14. Full process of analysis.

LEU ozl BBRHDO X SCAVCCHWTHLE
BHBHEERIL, EREBEONTEERL, ixikth
TULBRERYACTONTAZ LRIV 5min ©
SWREETH .

6. & th & E

6-1 E—EBRRICEIBVRLDIFBE
BB OB UERE X » BRER U7 BRAERWE % A A5 T A%,
HY =5 L vBElZS Ak, Fig. 14 o SAMPLE IN
MHORYTTERLT, FRECTHEIELY T 24T 2
#-. FOFERS Table 1 i,
6-2 HRMRROFINEDERS
AHEELBECRE L0, REEX 2R THOHF
EOTEMEXFE L. #E% Table 2R3, HH
S5 THOWT ABBEKIER L2 1 v 7 CHHHD

Table 1. Analytical results of pickling solution.

(Reproducibility) (g/1)
No. HNO; HF Fe
1 — 42.8 32.7
2 85.7 42.9 32.5
3 84.6 45.6 33.2
4 83.7 48.3 32.7
5 87.3 47.3 33.0
6 85.2 48.3 32.8
7 82.1 43.9 33.1
8 81.0 45.0 33.0
9 81.8 4.6 33.4
10 86.4 43.6 33.4
11 80.4 42.8 —
X 83.8 45.0 33.0
o 2.4 2.1 0.3
c, v 2.9 4.7 0.9
R 6.9 5.5 0.9
std.value* 80.1 45.0 34.4

* HNOj; : electroconductometric titration*’
HF : H3BOj; titration method??
Fe : Atomic Absorption method

FVTY) v IIEE L D EERLE.
WTFh bR TE S50 EENRE SR,

7. & B

AT YV ARMDIERE, S OLKEBEBELER LD 0 U
b, RELCHINCABMCRIL, ERo&B %1
F VR HEMIC O LS T o BEBEARE L. AR
DR, (1) SOoLKFERE IEHE C 2T 5709,
HKET 25081 F v RE A+ VAT R BT o
Licz &. (2) A4 vac#Ec L3 o ZEBLIkEE
W3 258 0BEIREORIE > AR ERE LA L
BEAR TR LI-BREREOWT LcliM 4+ viBELH
W ot (3) EERoOKBRT IKEENTR, dEOM
A+ v BIOLDOEAL VEBRCE AL, Fi-ik
1A VIIBEHREE CTHONTH-0BREXHETH 5.
TEFETHE.

KOGWEEILAT v v AR TH OB S 1 VICRE
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Table 2. Analytical results of pickling solution. (Accuracy)

(8/)
HNO3 HF Fe

No. -

Result Std. value diff. Result Std. value diff. Result Std. value diff.
1 45.7 42.2 3.5 33.3 32.1 1.2 2111 21.6 —0.5
2 34.8 33.6 1.2 25.7 24.0 1.7 20.4 19.5 0.9
3 26.2 30.8 ~4.6 15.2 13.1 2.1 11.6 11.3 0.3
4 35.6 36.0 -0.4 19.6 18.3 1.3 11.4 11.8 —-0.4
5 37.9 36.7 1.2 26.1 25.7 0.4 13.9 18.4 —4.5
6 33.0 36.2 ~3.2 18.5 21.8 —-3.3 18.6 18.6 0
7 58.4 55.4 3.0 36.2 28.4 7.8 18.5 18.4 0.1
8 41.0 41.4 —0.4 26.0 27.3 —1.3 23.0 23.9 —-0.9
9 49.4 42.9 6.5 30.5 30.3 0.2 23.7 27.2 -3.5
10 49.0 39.2 9.8 30.0 31.6 —1.6 27.6 29.0 —1.4
11 42.0 37.2 4.8 35.9 37.6 ~1.7 24.2 32.6 —8.4
12 44.0 38.3 5.7 32.2 33.5 —1.3 29.5 35.3 ~5.8
13 49.8 43.5 6.3 35.1 33.9 1.2 32.7 34.2 —1.5
14 42.3 38.6 3.7 31.4 32.3 -0.9 27.4 31.6 —4.2
d 2.68 0.4! —2.13
aa 3.97 2.65 2.74
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