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Determination of Free Sulfuric Acid in the Colouring Solution for

Stainless Steel with Potentiometric Titration

Synopsis :

Tomoo TAKAHARI and Susumu OHTSUKA

A rapid potentiometric titration mothod of free sulfuric acid in the colouring solution for stainless steels

is described.

The solution was composed of chromic acid (CrQs, 250 g/1), sulfuric acid (H,SO,, 500 g/1) and metallic

sulfate ions as Fe, (S0,);, Crz(S0,); eic.

For the control of the tints and qualities of coloured films, the determination of free sulfuric acid was
needed. But the conventional procedures could not be employed because of co-precipitation of both sulfur-

ic acid and metallic sulfate as BaSO,.

It was found the follwing procedure was effective to take away the interference of the metallic sulfate

ions.

(1) At first, total [H*] at 1st titration end point of H,SO, and H,Cr;0; in the sample solution was deter-
mined with potentiometric titration method after addition of Zn-EDTA for masking metallic ions.

(2) Free sulfuric acid concentration was determined after subtraction of [H+]Cr03 of 1st dissociation of
CrO; from total [H], which was determined by the another chemical analysis of Cr(VI).

The time required for this method was about 30 minutes for one sample and the results were accurate

and reproducible.

Key words : colouring solution ; dichromic acid ; sulfuric acid ; stainless steel ; potentiometric titration

method.
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HKEIVTRLLERGEHA (1)ZB&{L7 oA
(25g/1) il ; =MMbr 0L 25.0g £ &0, KICHR
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98%, HE 1.84) 27.8ml 2 &, KTHRLT 11 &
L7, (3)=8fbr o2 (2.5g/1) BXUHE (50¢/1)
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% HCl (1+1) S L 721, EDTA-2Nali 6.6¢
YRR L T pH5~6 & L, szﬂiuif 400ml & L
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EBBEETRNE X PNE/ARE (ml), [CrOz]; #4F
=@k o sgE (g/1)

H2504(g/1)=
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R (50 g/1), Z 7 u nB(ZBM by oA & LT 25¢/1)
BIXUOZOREBRBOBED 5ml &0, ZNHITEK
() 4 # > 25mg WREEOT TR L W & iR
MOBBEB IOV TCEBMEMBEX T2 7oA % Fig. 1
WCRT. (M) A A w05k fF 4% L KB LT b Y Y A&

pH

1N NaOH (mi?

Base solution : HySOy4 (50g/1) 5ml

acid solution

- B : End point of 2nd dissociation of chromic

acid solution

IN NaOH (mi)

Base solution : CrO3 (25g/1) 5ml
A : End point of 1st dissociation of chromic

1N NaOH (ml)

Base solution : HyS04 (50 g/1) + CrO3 (25 g/1) 5ml

A : End point of sulfuric acid and 1st dissociation
of chromic acid solution ~

B : End point of 2nd dissociation of chromic acid
solution and sulfuric acid solution

Fig. 1. Effect of co-existing Fe®* for sulfuric, chromic and both mixed acid solution.
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FUZHELTHWAZ LIZTE RV, Zn-EDTA &

(6)RITRTLHICgk (M) 14~ LHEHRA+ O]

FIETH a0, BREORLEIREZSY, w2F 2

FE LTRENBND.

Fe3*+ Zn-EDTA == Fe — EDTA + Zn?*+--(6)
Z® Zn-EDTA o8k () A A Y icxd5w2 %

TR ERADB D, 22 (3) OREEE S5ml 2

12.5~50g/1 ok () & 5ml 2 @ESCEHEML,

XL ZFDBDBOIC Zn-EDTA i 10ml 2% T

BV EBEZIT2 7. WEMKD 16]% Fig. 2 IO,

Zn-EDTA Bl A RMT A Li2& 0, MMEbIRL:

LHIE 2 EERSIZHE L. Zhid pH8 DLETHE

$n & KEEILS MU Y A UE L, Z@ pH FEIEAYEE 2 i
ERHO pH FIREEL Ot EEXDRE. LAL,
B1MERE T TOREA 4 VIBEC B A EERE,
Fig. 2 0 a O+ & 2\ & 2 OfE 6.6 ml 1= —F
L.
4:-22 zuaxs (M), =y4»nv (1) 1+ x4+ 3
Zn-EDTA < 2 % > 7R
EDTA &8k (M) oFBICBILFL— MEREK
i 25.1, =y () xR LTk 18.62 TH 59,
F7:, 704 (M) 414 >3 EDTA L35 L 2 was,
zuaxs (M) 44> &3k pH B TRELRF L —h
L&WE > < BA, BRTRGRENEE BN
Wb Tna, Z0kD, FMERICHOTHTHAERL
san (M) #=» 41N (1) ®» EDTA $&0% 1%
EREIIBIITTERBIIO TR~
Tabb, EREOFRBEFORABEZBEEL T 22
(3) PDIRBBESmIC, 7oas (M) =y (1)

IN NaOH (mt)

a : HaSOy4 (50 g/1) 5ml + CrOj3 (25 g/1) 5 ml
b : Solution a + Fe3* 25 mg + Zn-EDTA solution 10 ml

Fig. 2. Effect of Zn-EDTA for potentiometric
titration of sulfuric and chromic acid solution.

Table 1. Masking effects of Zn-EDTA for co-existing Ni(Il ) and Cr(Il) ions.

Solution No.
1 2 3 4 5 6 7
Items

H2S04 50 50 50 50 50 50 50

. . CrO3 25 25 25 25 25 25 25

Composition of solution (g/1) Crdt 0 15 15 3.0 6.0 9.0 9.0
NiZt 0 0.15 0.45 0.30 0.30 0.15 0.45

Zn-EDTA solution added (ml) 10 10 10 10 10 10 10
Volume of 1N NaOH solution (ml) 6.55¢ 6.563 6.543 6.563 6.582 6.54¢ 6.52¢
Volume ratio 1.00 1.00, 1.00 1.00, 1.005 0.99g 0.995
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A A E2BOBORAIg L 0.45g/1 LA XS
%, Zn-EDTA i 10 ml 2L TZOEE LT~
SBA 4 v IHRBRE RN, FTOEBAF L HRIE, »
SAUHE L HERSED pHA5 ICHELZDOE AW
7o, FDXER, Table 1 IZ/RL7z&Hczus (H) b
9g/l BETTRIEFLCHMERL, /2, =y 7
() bHBEOLEVZ L WAL

4-2:3 Zn-EDTA ®#FML 2B ROREN

#% (M), =y 4 n (1) » EDTA gtk LEH*
B, 2.2 (3) DRAEBBRIEEBAA 2K 25
mg FOMEML, 2512 Zn-EDTA % 10ml BXU
20 ml % BB 22 IS 2 W TR AL % T~
ZO#E, Fig 3 WWRL7ES 12, Zn-EDTA #IN#k,
BB 0\ IZHE> T, Omin T® 6.55ml (2xF LCTEm
£ 10ml O34 10~60 min T 6.45~6.00, 20 ml D
2 6.45~5.95ml L WFNRLEEERT I L2 brD
7=. Z®7:%, Zn-EDTA SHAMNHE 5 min LIPS 547
THULENSDS.

t
5 70-EDTA 10 ml
Z5F e Zn-EDTA 20 ml
4
Wk
T i i 1 1
0 10 20 30 40 50 60

Standing time (min.)

Fig. 3. Effect of standing time after addition of
Zn-EDTA solution.

4-3 HBESEOKRE

PE, BEEEEN-OE LHERSICBIITTHE
RoEEIZOWTER~. ZOF 1HERS T TOKE
b+ F Y Y ABEOFEERCIE, HEEE s us@ol
KRIBEA L > DHHBEINTOBLEEZONRS. IhEk
ST 57212, 0~84.99 g/l DIEEEEHEE 5ml (1,
27.58ml =@ L7 0 & (HyCry07 & LT 30g/1127%
%) 5ml & Zn-EDTA & 10ml 2mL, EZEH
ExFTol. FOKER% Table 2 II/RT.
REBBROE 1 HERESTITCOL [HT] 14+ Vi
BEHEME (C) 25, dmMLA=Z8by o 2igEr»SE
L2 [H'] A4 Vg% (B) £ZL5|w/:{# (D) &,
RML-REREE,SEE L [HY] 44 VIBE (4)
LX—HKLE Ch2roB 1 HERSITOMEE=R
b7 o 2BECTHIET NISHBRIRE L RODH Z L A5TE
BT EERMERLL ZHbry 0 AR JISI217 2 X
prun () 414 2ERTHILICIDRBBIL
HTESD, ZO-O=Bby o rdzgaBmrAmRLLE
WAL THT A LT Li.
ZruLBOE l HERNERELTAGE, EHEL
SHTEEEBHDIEE L HERSEE 2HERRD
BB —ETHAIENLETHD. Tihbb, H1
HEREEHVCHRBRE 2 ROLALENT 556,
HBRD(9)RITRT LI/ 0 A (HoCry07) RE
% HCry,0;” A+ YIRBECHME TR B e P UEL
. L, ZORBUIRETLHMBRIRE, BSHORE
EORFICEIOTHEBEZTHLEEZOND. 2D b,
HEDOHLOELKREVWEEZONL /70 LB XU
B FERICOVWTHANRL -0, S8 LY v 4 20~30g/1
5ml 12, 25~75g/1 Bl 5ml ¥ ZhZ L 22 KE
BWEOLCORIF LA ¥E L Table 3I1IRT. ZORXK
THEIHBERET TOKBILF M) Y 2BROBEE
(A) REBEOHRBEMOBEELZE LIV 0
LEED 1 KBS DOAOFHIEEZRL TS, 2 #E
BETTOMER (B) 3 LHERRLE 2WERS
FMOWMERET 7 0 LB 2 RIGEESICHLTHETH

Table 2. Analytical results of mixed acid solution (g/1).

HySO, added CrO3 added Results
[H*] at 1st +
H,SO [H*] in HaSO4 crO dissociation [}e{nd] ‘:)ti:tSt [H*] of HySO, difference [H]
2S04 (A) 3 of H(zg;zm & (C)—(B)=(D) (D)—(A)=(E)
0 0 27.58 0.138 0.138 0 0
21.25 0.434 27.58 0.138 0.572 0.434 0
42.49 0.867 27.58 0.138 0.996 0.858 —0.009
63.74 1.301 27.58 0.138 1.442 1.304 0.003
84.99 1.734 27.58 0.138 1.857 1.719 —0.015

Metallic impurity ions were not contained in this mixed acid solution.
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Table 3. Effect of co-existing sulfuric acids for the titration volume ratio at 1st and 2nd end points of dichro-

mate solutions.

CrOs(g/1) 20 25 30
HSO4(e/1) 25 50 25 50 75 25 50 75
. . 1st end point (A) 1.020 1.047 1.258 1.289 1.274 1.508 1.517 1.534
Titration volume (ml) | 5 4 Chd boint (B) |  2.038 2.055 2.515 2,531 2,531 3.005 3.054 3.056
Ratio (A4/B) 0.502 0.510 0.500 0.509 0.503 0.502 0.497 0.502

Remarks : The data (A) are results substracted of the titration volumes of HoSOy from that of HySOy and 1st dissociation [H* ] of HyCre07.
The data (B) show only the titration volumes of 2nd dissociation [H* ] of HyCry01.

20 1

(g/1)

-.0 |

H250.

=20

Diff.

0.490 0.500 0.510
Factor a

Fig. 4. Effect of the factor for the analytical re-
sults of H;SO,.

5.
Table 3 ISR L7 & 512, = OIIHREEERE =8/t
s 0 LBEEDZTH 0.497~0.510 OEEMNICH S
ERFENIDL. Thrs (9RO’ (o) KIZFYME
0.503 ¥ HWwarZ kil COFHEIrSDOIIEY
OHEEEEMBICBITTHEELLO~NS D, (9)XD
H¥ % 0.497~0.510 » & Lt FHEEZZE LTIV fEIC
B R TCRD - BRERIREE & %L DM %KD Fig. 4 12
L7, Thds, REBEOERH)L, HERREEL LT
—1.5~1.7g/l BREOEENICHY L, FEEPOKEKR
FE500g/1 M 0.3% §5CTHhHY, ERERELLTHAET
2LBEETHO.
4-4 WBRBREOHEMHAE

Wik, —o o0 AREFUCEBEFORBBE L LT

HBREUTOIIICLTRDA.
(1)HCr07 IREDEH
(1)CrO; IBE® HyCry0; IBRE~DRE
H,Cr,0; (g/1) = CrO; (g/1)

HyCr,07 53 FE(218)
CrO; 5+ &(100)

(ii)g/1 #HERE (nco,) ~HRE

X =2.18[CrOz] -+ (7)

Table 4. Accuracies . and reproducibilities of
analytical results of H,SO, in colouring solution.

Sample No. 1 2 3 4 5

Added CrOs (g/1) |124.5 |249.0 (320.0 |350.0 (365.0
H,S0, (g/1) 1256.2 |512.3 |626.0 |691.3 [725.0

254.6 |510.5 1625.2 [691.8 |725.2
256.4 [512.5 [624.0 |689.7 |726.2
256.8 1512.0 |623.4 |692.8 |724.2
255.0 |511.3 [623.2 [690.9 |723.3
267.2 |514.5 [625.2 |690.8 |723.5
X 256.0 {512.2 (624.2 [691.2 [724.5

¢ 1.14| 1.45[ 0.96] 1.14| 1.24

C. V. (%) 0.45| 0.28] 0.14| 0.18 0.15
Difference (Added—X) (g/1) 0.2 01| 2.0]| 0.1] 0.5

These sample solutions included Fe3* 25¢g/1, Cr®* 30¢/1, Ni2*3¢/1
and Zn-EDTA in CrO3-H2S0;4 colouring solution.

Result
H2S0, (2/1)

U1 Lo DD

__ &l _ 2.8
foros T g M~ 4 X 218

[CrO;] = 0.02[CrO3]

WEICE S 3 5 HyCry0, 13 1 KFEBE L 72 HCr0,~
A VBEIWRE LD DO, 4:3 THRNIAREK (a)
0.503 Z T,

7' cro; = 0.02[CrO3] X 0.503 = 0.010[CrO;]

.......................................... ( 9 )
(2)H,SO, IREDHE M
I E O L EBRA LS,
N/ X Vy= VS(n'CrO3 + "H2504) ..................... (10)
N-f. 'V, ,
M1,50, = TN — Mg, e (11)

[HZSO4] (g/l) =49 X 71,50, ThrHH»bH (10)3—& bt
(1) 5
49{N-f- Vy— 0.010[ CrO3] Vs}

H,S0,(g/1) =

SZTEREN, f Vi Vsid3BESHOZ L.
4-5 BHBBEOMIER

Al 22 (3) WCEELCHEEL — 27 0 ABOBOBD
PEZLBABHRETAEL, 3EBOSWERIECHESTH
LR % Table 4 12RT. ZOSBERICEE (M)
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25¢/1, 7ax (M) 30g/l, =» 4 (1) 3g/1 %%k

BIEDETHRM L. ThoDERA 4 A/ FET IS )
bbb oT, REREIABRMCTHELAMEE Xv— ¢
BERLE. £7:, BELEED IO,

5. #&

6
]

7z
1y

27 v L ZARMOE G O OB O E B € A
L7z, SMEDOERNLEZ /T, 2EDLITHA.

H.80,+ Cr0, » %
VlERaE CBEL |-
7: NaOH i Wil &

CrO; O 1 HER L
¥ TicE$ %5 NaOH
BROBREHEE

i

NaOH #Fifiz & Z:) (gg%‘ﬁ*ﬁg L5 CrO;)

BN EWE

— | H.SO, PRICEL %
~ | NaOH BHBoEER

H.SO, itfE

i

D7E

AEICED, EEARTEETH 2 7-E R O SEEE
EBED CrO; Oz &H 1 3 ¥ 30min LATHBER
TEDLEHIThDT.

BB, XFEOFTICHD, EBRICH LTz
V72T B ARRLER (BR) BB T OB £ R KB X T
WFFEER O /NEIERIRIC R BL £ 3.
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