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Behavior of Ferricfluoride Ions in the Pickling Solution of
Nitric Acid and Hydrofluoric Acid for Stainless Steels

Tomoo TAKAHARI, Masayoshi KOSAKA and Hiroshi ARIGANE

Synopsis:

The conditions of formation of FeF?+, FeF,* and FeF, in the pickling solution of HNO; and HF for stain

less steels have been studied.

The types of ferricfluoride ions depend on the ratio of concentrations (g/l) of total fluoric ion to that

of ion in the pickling solution.

When this ratio exceeds 1.5, FeF,* ion is formed and FeF2+ ion is formed

when the ratio is less than 1.5. Precipitates in the pickling solution are FeF;-3H,O and scales formed
during annealing of stainless steels. The amounts of precipitates FeFy-3H,O increases with the concent—

rations of total fluoric ions and ferric ion.
cipitate of FeF;-3H,0O is not formed.

When the concentration of ferric ion is less than 15 gfl, pre~

For the determination of uncomplexed HF in the pickling solution, volumetric titration method with

standgrd H,;BO; solution is employed.
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2.2 FRRBARIE

D FoiFhci, k0 X5 U TR U-SRER &
THOFEUERED HEI L 7R ve s & RV 1c.

(1) #HB-S oMb KFER -2 R ERBR L, g
gk FeCl3-6H,O #—ERI1IHn b L b, WSEEE 5Lk
FMxinz, fERESHT 60°C, 8h RELHL, 4
it Lz,

(2) Sk, kDX 5L ThER I
7z, THEREE 4k Fe(NO,),-9H,0 % £ & LT 10~100
g/l, S o{bAKFEEEE 20~200g/l, F4EEA 20~500 g/i
L O ELETHEL, #YV=rLviliaay s
AaRART S0ml x1, 80°C oEERESTCH 30
min i L7 D%, 60°C oEREHL, | » e
BUTPERES L. R LEMESZ, No. 5C o
HEAACTAB/L, 50°C T 3 hgEmET 2 &
I, DRHFOLLEOHK, S OLAERES LU+ v
BEEA 5 L.
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7 AOBEENRIC L L, FEELOPENE SR ichD
7.
3:-1-2 FHEHEEBRNEE

(1) Srbr¥efE

(i) #FVv=svvBle— 3 — (FE 500ml) chg
PER % 10ml Ah, KT 200~400ml = FML7-.

(i) EHEEZ? 10mg UTicd, FoBoZs (b
IR IZIE—C 72 % X S CIHEEB LB BEL
e, IN KEHMEF F Y v A EEBREK AT L, Fig.
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Fig. 1. Effect of dilution for each end point of
electroconductometric titration curves.

1 R Ui i & 2 03 fe.

(i) FERE X O DbAkEBOAIHER Aml & X
O (B—4) ml % Fig. 1 hbskd, kks» bEARBIE
EXHEL .

HNO;(g/l) = (4™ x IN NaOH %% O Hffi //

BB SRR ™) X HNO, @ 75 245 (g/1)

—AX fx6.3

HF (g/l) =[(B—A4)™!x IN NaOH ¥ ® J{fi

F/RRHER B I XHF » 75 %8 (g/])
= (B—A) X f X2.0uceeeeieniereincninnnn (2)

ZhHoRT Aml HREEEEREE, (B—A)ml 2355
LAREBBRECHIGT S = 213, DUToERIC XL OTHE
VDo)

¥ THERIE, Table IR L7 X 5 0 AREHIC DU
THEEREE & BILABEY TH LR fE% HEL
Jo. ZORBRIFE-HLEIRE R0 Aml it
WRREECRIGTSo & A LEL. Lal, »ofk
KRR VIR L e B 0D e\ e, o bk ERE A
15~70 g/I Jin Ui AL & BEEREEC X 0 & #
L, zofihEs (B—4) ml o HFIBHRE L 5HX7-.
ZORER, Fig. 2 CRLA X S CEKBERIE bR
DT, (B—A)ml i35 D{bAKFERICHIE LTS & &2

Table 1. Accuracy of analytical results of HNO; and Fe by the electroconductometric

titration method.

HNO; (g/1) Fe (g/D)
Sample lectrocond lectrocond Atc b -
Electroconducto- . Electroconducto- tomic absorption .
No. metric method JIS method® Difference metric method method Difference
1 66.6 66.2 0.4 4.1 4.0 0.1
2 80.2 85.5 -5.3 10.4 9.0 1.4
3 80.2 78.4 1.8 29.3 28.5 0.8
4 80.2 78.2 2.0 32.6 28.5 4.1
5 96.6 100.0 —3.4 54.7 49.0 5.7
7 —-0.9 2.4
dgq 3.28 2.38
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Fig. 2. Relation between additional amounts of
hydrofluoric acid and (B-4)m! of electroconduct-
ometric titration curve.

Table 2. Reproducibility of analytical results of
HNO, and HF by the electroconductometric
titration method.
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Fig. 3. Potentiometric titration curve of HF in
the pickling solution with boric acid (Gran’s plot
method).

Table 3. Reproducibility of analytical results of
HF by the H,BO; titration method.

No. HNO; (g/1) HF (g/1)

1 41.5 16.5 No. HF (g/D)

2 42.2 18.8 ) 2.9

3 43.7 16.6 2 41.7

4 40.9 16.4 3 0.6

5 40.2 16.2 4 398

X 41.7 16.9 5 39.4

1o 6 39.8

‘ 12 : - 7 39.8

C,V% 2.8 5.7 8 41.0

R 3.5 2.6 9 39.4

- 10 39.4

X 40.4

otz g/l LT (B—4) ml pi€eftDil, ¥ S 117
MU b KENEA A+ v EREA L, BEOBNIT T C, V(%) 2.9
LI\ DdTHS. Iods, Fig. 1 o (C—-B)ml p3gk R 3.5

A F VEBECHIGELTWS Z &k Table 1 L X
SR FRIHHE L —FT 5 & THRLK. Fig. 1
D A ST BEEERETE MR OERECE 2T, Kb bk
R EOBEROZT AN BIEHCRD S LR TED.
F7- AB & BC oiffizb IR  Rch, XHB
fHE TR DM, E U D b, BAIRHER
BRI RD S - ENTES. ZhboZHK AL Fig. 1
KR L X 3 EFHREEZ 2 THE L nhorc.

(2) HREE

57 & S oMb KFEEBE O VR LIEE % Table 2 1R
T. RIERFIEERIE LR

3-1-3 3 5EiEEE OB

FRUEHE R D S5 D LK EEE 213 5 B CIEE T % T,
B @R LTHHDT, ZZCREELZDONS.

(1) trife

(i) [Pk S5ml %2 b, KTH2Dml i H R T
5.

(ii) #EExMmx CpH L6LTEHELLODL, &
SEAF VvEBLIBBEEY L, L, &R 5°C LT
L35,

(i) 13 5 PEEERWK CHEL, WMER L BRELD
BitR% Fig. 3 kT X5 Gran’s plot #&% i %,

BEERD, kAR DSOKAEBRBEELZREH T 5.

HF (g/l) =H,;BO, &R (ml) x H;BO; JIffi
Rl
19 75

i3 5 B0 P IEREREA D S LK EEE & BRT & Rk
CLTHH L, BLE SBEERY bRDIT STRE
W 1ml %7- 0 D5 MbKEBRE (mg) THD. Ei
20 BX0 19 BeHobkFEHBELSOED ST AYET
B0, SIRARBEERE ml 2T,

(2) HWHEE
Ao R LKEEY Table 3 wiRd.
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Table 4. Comparison of analytical results of uncomplexed hydrofluoric acid in the pickling solution.

HF (g/) HNO; (g/D) Fe (g/l) Cr (g/D)
No. H3BO3 titration Electroconducto- Electroconducto- Atomic Absorption Atomic Absorption
method metric method metric method method method
1 27.2 11.3 36.5 22.7 2.5
2 32.6 13.4 41.1 28.0 3.1
3 35.6 10.3 28.2 41.9 5.0
4 40.3 15.0 42.9 36.6 4.3
5 36.0 15.3 40.1 33.6 3.5
6 32.0 9.8 32.0 33.3 3.3
Table 5. Comparison of analytical methods for hydro fluoric acid determination.
Uncomplexed F (g/!) Combined F Fe/combined F
Total — - Fe
HNO; F Electrocon- Electro-
No. H3BO; Electroconducto  H3BOj titration ductometry H3;BO3; conducto-
(g/l) (g/D) titration metric method - — titration metric
g/l mol/l g/t mol/l g/l mol/! method
I 36.5 45.1 45.7 44.4 0 0 0.7 0.03 0 0 0 0
2 70.6 51.5 47.7 39.6 3.9 0.20 22.0 0.63 10.4 0.19 0.9 0.3
3 83.2 70.9 59.4 41.5 11.5 0.60 29.5 1.55 36.6 0.66 1.1 0.4
4 113.4 64.5 51.0 39.9 13.5 0.71 24.6 1.29 30.0 0.54 0.8 0.4
5 136.9 77.4 60.0 40.7 17.4 0.9!1 36.7 1.93 38.6 0.69 0.8 0.4
6 189.0 58.0 50.6 39.3 7.4 0.39 18.7 0.98 20.5 0.37 1.0 0.4
FcF2+ FeF,*
3-1-4 ¥k o gk R SHEELTVD Z Epvbhnote. & ORI Table

BB E TR L S oMb K BB R D 5oLk E
MRV, (35 FATEED & B ERE O DVHES —T 5
2%, Table 4\ C/R UL 5 IBED I+ v g EhT s
HERIeONMHE LD, FTCIELCHERY RN 57
DI, 2:2 THR~NICBBBERK LA, ER-onHkEo
SOLKEBRE S KD, B ORBENHEF L =
LD, REbE LT3 6 oREEXEHL, 8o
EAMEEDZERID, SofAd vOREHEL
7o ZDOFSE, Table 5iR Lz X 5, BHEEHET
i FeF,* L7cz oL, 13 5BEE Cit FeFz+v 2
Bohi.

BB F D5 Dbk 1 A+ v ORI O T 13, H W.
DonGen 59 11 BIE KBRS COERE %K 13 FeFz+
189, FeF,* 10.4, FeF, 0.58 TA 2 Lih~CTk b, *
72, BaBko 57 43 0.1N BB W CoE K & K1
FeF2+.200, FeF,* 25, FeF; 2 THh2 M %& L C %
D, FeF2* DR KHIHEDTVWBEEVLS. X5
Z, T. ErikssoN BV (3, &SoFA 4 VEE A HL,
0.1IM Fe?* L 3M EEWAIEIC 2.912M 0 35 ofbkE
BRATEINT 22 2 d b, Skt 4 vorEmEs
K, LNFoEEA2E .

Fes+ 4 F- = FeF2* log K,=5.24+0.08 (25°C)
FeF2+ 4 F- == FeF,* log K,=3.40+0.11

(25°C)

I DIREHC T RRIE R T FeF2+ (3 vpi%

5 » No. 6 DRBBRICIZITHL L TR D, 3 5EH
ETHLRICHEREE—~F LT T. Eriksson BV (3 3M
B OIE T TRH LT 54, WRBIEEY EEoOBRLE
fERCHGHRT VS 0.6M 55 2M F G % T b §k/
EESORDHIRIZE—ETH O, Tihbb, 5H2ft
AV ORBIITEERE T X O THELZT e\,
LLEDRER B, 13 5 BEEEERETHW Lcs oMbk E
RO HFHENIE L & & Aidodote.
3.2 BEBBRDIDILGS v DOXE

3-2-1 kWt DS LA+ v oI fE

Hik 2-2(2) ok L oTes bk R X, +
IR S U T b E DB OWT, 1F 5 R
EEHACTA 4 v ORBYTHNI. FokEREs Fig.
4 WRT. RS KRR & S gk A F vED s
DRAA VBEEOGHER L. Shh btk A +
Y DRI T O S A KKRBEE I IBIR L, &
SORAF VBB LA VBEORTEE S I E2b
ot Thobbt, BeoHF (g/0) /8 (g/D) Haat 1.5
Ll ETix FeF,* & 7c b, % h BUFcix FeF2+ Ly
%. Table 4 © No. 1~6 0HE 1 v BB U 7 Rk
BN TDS LA A VORERHEL - B 2
Table 6 i2/x3. =h# Fig. 31 x I CiRL7-. Table
Y IORLICE S, BHEPRCRE A vt s A
AXVHBEEDOH 1/10 FFh T3, Zok®, /7w
AAF VHESORAF vV ERBBE LTS IREENE L 5
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Table 6. Type of ferric fluoride ions in the solution of pickling bath.

Sample?? Total F Free F Combined ¥ Fe
solution Fe/combined Type of complex ion
No. (g/l) (g/h) g/l mol/l (g/D) mol/! F
1 51.3 27.2 24.1 1.268 22.7 0.406 0.32
2 54.2 32.6 21.6 1.137 28.0 0.501 0.4
3 57.9 35.6 22.3 1.174 41.9 0.75° 0.64 FeF,*
4 61.0 40.3 20.7 1.089 36.6 0.655 0.6°
5 64.4 36.0 28.4 1.495 33.6 0.601 0.4°
6 33.3 0.596 0.49

61.0 32.0 29.0 1.526

1) Sample solutions were the same as those of Table 4.

2) Total Fluoride ions were determined with the titration of Thorium nitrate8?9>,

100
90
80 -
70 -
60
50 1
40 1
30 4
20 1

FeF,* zone

Total F (g/1)

o

O 20 40 60 8 100
Fe (g/1)
(1) OFeF,*

.Fch*} Synthetic solution

X FeFg*+Pickling solution
(2) Synthetic solution (g/!) ;
HNO; (40~200) +HF (20~60) +Fe (10~85)
(3) Total F as HF+F of complex ion

Fig. 4. Types of ferric fluoride ion in HNO,-
HF-Fe mixed solution and pickling solution.

hizpd, XEREHT O RIbE AR CrFy 2 R X
Richotz &, SBRrBRT 7 v a0 Dic i
Mo CrFy* 235p 51 Table 6 DfbasH >R EH
DI 0T h B/FEESOROWIZK 109 LirkE
Ll b¥, FEREIEDbLWTD 27 v AOFITESL
7=. BRI T, BUECHE IS OILKER T # 5
tedic, LEWERSORA A VBE &L b —T,
RRBE IR FE DT D8k A + vIEEXIIHIL T 5. Z 0D
TobBR R T, FeFt A X v i oTnb3ok
Bbhs.

3:2-2 S ofbBRILBAE R & OB

(1) VB HTE R

ERVLRE X v BRER L el 120°C o — 7 v T
¥ 2 hEREAH Lic. #8 % Table 7 wind. #o
—ER, T om A, =y VETEEMIC X BBERIE (A7
—A) BIOAT vV VARMOBMH LD LFE 2 bR
5. REL, BEEOPEY hARPBAEIAIZLDT
BhH. ZOld, WEREIEGLELTWSA, 2-2(2)

Table 7. Analytical results of the precipitate
in the pickling bath.

Element C Mn Ni Cr Fe ¥ Cu.Si.V

Content(%) 0.1 0.5 1.4 26 24 16 trace.

Table 8. Analytical result of the precipitate in the
pickling solution with X-ray diffraction method.

Sample FeF3-3H0O
d (A) 1/10 d (A) 1710
5.4953 100 5.50 100
5.0526 5
4.7854 5
4,7025 7
4.0771 5
3.9056 67 3.91 50
3.4793 84 3.48 40
3.1814 40 3.18 20
2.7703 29 2.77 20
2.5981 13 2.59 4
2.4789 33 2.47 25
2.0856 16 2.08 12
1.9645 13 1.95 8
1.8943 19
1.8831 42 1.88 30
1.8461 8 1.84 2
1.8258 7
1.7503 28 1.75 25
1.7092 13
1.6966 18 1.70 20
1.6666 4 1.66 2
1.5946 3 1.59 2
1.5559 5 1.55 2
1.5359 7 1.53 4
1.5274 6
1.4506 9
1.4456 17 1.45 12
1.4290 5
1.3591 11
1.3547 15 1.36 12

Tonditions : Target Mo-K, Acc.volt. 40kV
Current 15mA T.C 2s

THR L EEIEE~HRATH L. ZhboEYy
2 XEEEYTC L b5 S% Table 8 wiid. Zhm
SikE O KL, FeFy-3H,O TH B Z Lo
. Zoffiic Fe,O, Cr,03 %D R4 — ARG ERT
Wwa o EE Co-Ka #MAWic XgRIFTn biE»DI.
OB, 5o b7 v AOIRBRILRD bhigd
7.

(2) SOgIbBOEREE)
e & 5 oMK BB OB AW A A V2RI
5L BACIEAE U S, & OEBSGEHERE T
B, AEBRTx 1l AR 60°C oERECREEL, S
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1610 % & 4R
200 T T
180 -
b
160 370_
140+ 4
<1204 -
=
L 1004 4
=
e 80 4
60 4 4
40 4
204 °
0 T T T 7 T T T T T T
0 20 40 60 80 100

Fe (g/1)
Solution(g/l) : HNOa(IOO)+HF(O~60)+Fe(10~80)
Numbers in Fig. : amounts(g/l) of FeF;-3H,0
O0—0:0g/l @—@:1~10g/I A—N: 11~50g/1
A—A :51~105g/1 [—{]: 106~150g/!
Fig. 5. Relation between concentrations of ferric
ions, total fluoric ions and amounts of FeF;-3H,0.

Table 9. Effect of the co-existed nitric acid for
the precipitation of FeF,-3H,0.

Components HNO; 20 80 100 200 500
of the solution HF 99.4 100.1 92.5 91.0 74.8
(g/l) Fe 47.4 48.5 47.9 43.6 42.3

Amounts of precipitate(g/l) 116.0 125.0 123.6 139.6 139.6

DELFERBC 2 L 5 L. & OB ER
FCER LS D EE L FeF,-3H,0 THOl. |
ERECE JIETHERPOS OB LM 4+ VIEED B
TR LckiR%E Fig. 5 wid.

ThhDUWREX, SOFRA4 vV E8A 4 VI A
LR LABCHEMT B L, B ORA 4 viE
E%x 15g/l DTFERThiE, BRFOSOEN4 v
BB BIGR e  TRIBMI AL Uis\ & & St ote. L
b, Table 9WIRL- X 512, WBERETK XIFTH
BBE DB L bR i hDT.

4. *= =
41 BEFBERICKLS 3 DILKERIHFED
EERE

LERFEEDIL, BOMBEEYRN L2, B
B~ DAL KRR R OBLEH D 5 Dbk B B 1
X BRUCBERE K THRL pH 23k X a0t
WEEE 705 & &g LY.

BEEMELTT > & X1k, BEMBEY 2B DT
DI, FMLCBER Y 20~40 o FiRT 2. B
HEMEASEEL R T o, FRT5C LicxoT pH A
KELTLY, 42 OR(2)DRIEHERHNTE Y,
BED S OLRFEBAHEBIh 570 L Bbh 3.

701

(=23
o

g

Y
o
1

w
o
2

Concentration (g /1)

ny
o
A
N
Op,

-—
o
n

0

O 2000 4000 6000 8000 10000 12000
Stainless steel (T)

Fig. 6. Variation of Fe and Total F concentra-

tion in the pickling solution.

CHERBREFRT AT TR 288 TthH o1
B, FlziE, Fe—ATA—RIEREKE L, KBELF b
VU AR CHET S 7 — 20282 4 10ml BED
ARHEW % 100~200 ml i F T 2% 7o b FRRIC AR D D
EisD. ZDX5E, SofbEkA F VIIRRE A H
VTCHD.

4-2 RUBEKIERICHITDADIERA A DE2H&
MR ERE v
x%yvz%%@%Té%Q,@@&$owK$@%
Exzohl, BUET 2MECEOLBBE LT 519,
MRUEHE X b Bt — L, HILVCEBREEHRT5H
EREDBRTVWS., ZDEEDOREOFEAAVEIOE
14 v ORERE{LY Fig. 6 Kind. zhboAf 4+ vig
ik, R UDRERNCHEAT I, Zo%izis—EL
%, HWHOBOMIT LD, d2LEENEMLTE
VT TH BN, BE—TELLEDTWBEDIR, ROZE
REJGE LD FR DA A v LEM FeF,y & Uikl

THICHTH5S.
Fe3+ + HF —= FeFz+ +H+ ...ooooons (1)
FeF2+ + HF < FeF,*+H* «oevvennen. (2)
FeF,*+ +HF &= FeFg|+H* .cecnevnnnn. (3)

TDEE, BBERFOSOEE A+ 1L, Fig. 3 o x
HICRLI-X 512 FeFor oWt i>Tkh, EiE(3)
R X VBRI FeFy Lcn RiBeh 2. MIcEL B &
fiife Lic s Db KREE D —i: FeFy 24T 2 0
BIhTws iz s, Lird oz, Fig 5k
ALKk 5K, FeFys OWBERENSEL B 2 &0
by, BEBRPORSOEI A VB IUOSA + VEBEDS
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WEEELL B EELZDBRD.

zhin b, HoEKEREBIECHE AV I,
Sofbgk A 4 v& FeFz+ oFEhic{f#il, FeF,-3H,0
DUEHIVER LW HIE  (FliE, #soFE 30g/1
AT, kiR 30g/l LIF) TREKEELZTNETH
5EEZD.

5. & EL

AT v U AROEBREC AV LR T W B EER & 52K
FEEEOR AT P AR T 5 5 D LRI o B IO
72, BOBBEEYHVTSMEAEBE ST TS
Lk, BEBEET DS MEA A VOERHITOWTL
b FORER, BERTPOSOLHEAF v ORRE
i, BeoFE (g/D) /8 (g/l) oBEHTEEY, KN
1.5 ) b FeF,*, 1.5 LJF¢ FeF2+ rigpo b, #
etk DA O BBERTK F CIx, FeFr  LigDTw
B &, WO EXE;E FeFy-3H,0 ¢, Thic Ay

—AMEERTWS &, FeFy:3H,0 oAREX, B
HBPOBSOR LA+ VBENKE DT EHEM
T2, 8 15g/] UTFTHREER LT LV
D7z

X [
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