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Development of an Electrolytic Descaling Process for Titanium Plates

Shigeru Kiva, Takashi SHIBATA, Shingo IWASAKI, Seiji HONDA,
Hayato Kita and Masanori TAKAHASHI

Synopsis : A new descaling process for cold rolled and annealed titanium metal strip was developed in order to produce defectfree titanium plates effi-

ciently, The process includes newly introduced electrolysis in certain electrolytes which promotes the descaling in cooperation with the pre-

ceding salt bath treatment (immersion in fused alkali—salt mixture) and the following pickling with nitric-hydrofluoric acid. Laboratory study

by anodic electrolysis showed that HNO, or HNO,-NaNO, solution was most effective electrolyte for promoting descaling, and NaOH-
NaNO,, HNO,-H,S0, or Na,SO,~NaNO, solution was also effective more or less, but H,SO,, HCI or NaOH solution was scarecely effec-
tive. It was also confirmed that intermittent alternate current electrolysis in HNO; solution promoted descaling without absorbing hydrogen
and the current density on the electrolysis was desirable to be 15-20 A/dm’. Chemical analysis of the electrolyte by ICP emission spec-
troscopy and surface analysis of the specimen by GDS proved that the titanium scale dissolved by the anodic electrolysis, and current mea-

surement on the electrolysis suggested that the dissolution was made easy by the salt bath treatment. Finally, the effectiveness of the electrol-

ysis was verified by a manufacturing test using titanium metal strip.
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Fig. 1. Apparatus for electrolysis test.
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Fig. 2. Schematic cross-section (longitudinal) of an elec-
trolytic pickling tank for metal strip.
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Table 1. Percentage of the area descaled by pickling with
10%HNO,;—2%HF (40°C, 60s) after immersion
in a salt bath (470°C, 10s) and electrolysis at

fixed voltages in 10 kinds of electrolyte (50°C,

300s).
Anodic electrolysis | Cathodic electrolysis
Electrolyte Percentage Percentage
Voltage | of descaled |Voltage|of descaled
[M:mol/dm*] v) area ™ area
(% (%
1.6M HNOs 15 10 -4.3 <1
3.2M HNO- 0 -4.3 <1
1.6M_HNOs -1.6M NaNOQ. 0 -4. <1
1.6M HNOs -0.8M H.S0. 60~90 -4. <
0.8M H-S0. 1 <1 -4. <
0.8M H-50. -0.2M Na.Cr.0- 15 <1 -4. <10
1.6M HCI 15 <1 -3. <10
1.6M NaQH 15 <1 -4. <10
1.6M NaQH-1.6M NaNOs 15 90~100 -4. <10
0.8M Na-S0.-1.6M NaNO: 15 40~50 -6. <10
{ Note } (1)Specimen :Titanium plate annealed at AP line
(2)Percentage of the descaled area without electrolysis : {10%

Fig. 3. SEM micrographs of the surface of the titani-
um plates annealed at AP line and descaled in
laboratory by salt bath treatment (470°C, 10s),
anodic electrolysis (15V, 300s, 50°C) in (a) 1.6 M
HNO;, (b) 1.6 M NaOH-1.6 M NaNO, or (¢) 0.8 M
Na,SO,~1.6M NaNO,, and pickling with 10%
HNO,;—2%HF (40°C, 60s).
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Fig. 4. Current-time curves by anodic electrolysis (15V)
in some electrolytes (50°C) after salt bath treat-
ment (470°C, 10s) of the titanium plate annealed
at AP line.
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Table 2. Amount of Titanium dissolved by anodic electrolysis at a fixed voltage (15 V) in 10 kinds of electrolyte (50°C, 300 ).

Electrolyte SBT.| Ti Electrolyte SBT.| Ti
[M:mol/dm*] (g/m?) [M:mol/dm®] (g/m?)
1.6M HNO, A 1.40 1.6M NaOH A 0,02
3.2M HNOs A 1.32 1.6M NaOH-1.6M NaNOs A 0.03
1,6M HNOs -1.6M NaNO, A 1.02 |0.8M Na.SO0, -1.6M NaNO; A 0.02
1.6M HNO; -0.8M H.S0. A 0.61 1.6M HNOs N 0.40
0.8M H.S80. A 0.19 3.2M HNO- N 0.27
0.8M H.S0, -0.2M Na.Cr.0;, A 0.22 1.6M HNO, -1 6M NaNO, N 0.39
1.6M HC| A 233 1.6M HNO, -0.8M H.S0. N 0.04
{'Note } (1)Specimen : Titanium plate annealed at AP line
(2)S.B.T.: Salt Bath Treatment(470°C, 10s), A: Applied, N: Not applied
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Fig. 5 Current-time curves by anodic electrolysis (15V)
in 1.6 M HNO, solution (50°C) after salt bath treat-
ment (S.B.T.) at 430~490°C for 10s, or without
S.B.T., of the titanium plate annealed at AP line.
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Table 3. Comparison of the amounts of titanium dissolved
by anodic electrolysis (15V, 3005s) in 1.6 M HNO,
(50°C) after salt bath treatment (S.B.T.) at 430~
490°C for 10s, or without S.B.T., with quantities
of electricity required for the electrolysis.

Salt bath Temp. of | Amount of Ti Quantity of Ratio of
treatment SB.T. dissolved electricity (a) to [b)
(S.B.T) (C) (g/m*) (a) (C/m*) (b) (8/C)
430 0.75 2.16X 10 3.5X10°°
Applied 450 0.76 2.17X10* 35X10°°
470 1.40 2.43x10° 58X10 "
490 1.00 1.26X10* 79X10°°
Not applied - 0.40 1.33x10° 3.0x10°°
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FEEB TR L CERICEL-BEREZEH LR E
£ C Table 3128 Y, BREDANIZVYIL FNNZAEET 572
WA, MEEE A430°CH 5 470°CIZE X 512290 T
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Fig. 6. GDS profiles of Ti, O and H in specimens after (a)
annealing at AP line, (b) salt bath treatment (470,
10s) and (c) electrolysis (15V, 300s) in 1.6 M
HNO, (50°C).

BEROMREME L=, Thbb, REEEERICENTE,

DRHIZER/ S8 — AW L X R/RERE B 50T, Z
NEEHET 5720 Fig. 1 ISR U720 28 B K UBEER
EHREHNT, EREIEZEEREIT -7,
2-1HHCEEBMUZAREZ ) v TR OER L2572 Vi)
AWM E LT, 2 28 TRRML 2 FEBRIFTOBME XU
VL P N2 A HE L 728, 50°C D 1.6 mol/dm® HNO, K&
BHRCREER CHRERLIBBRERO SV ABRELG
BIEhHE) L7z, ZBERD/ N8 — ¥ B I UBBEEORERH
RADEBMNOBERELOF (BRFHE20A/dAm*DBE) %
Fig. 7 12 ¥, 72, BREEIL0~20A/dm* D#HEH TE
R ICE L X2, RIZ, 50°CD 8.5mass%HNO,—
2.5mass%HF 7KIEIZ0RIBE L, Kk - &8 %ISF
BEMMSEEERIC k> TR r — LV BE LN, 7=, KR
F—LEi#%ORBRFOEREI DX r — LR %KD
2o ZOER, Fig 8ITRT LI, BREEIKEL &
BIZONTHR T —LEESYMT % & HICKRER T —0
BEAHL, 15SA/d? L ETRELZICHER r —nEhiz, &
b, Fig. S ICBVWTBREEV/REVZIERZ r —LEE

BHML 72013, WERERRORER T —A83 55D,

W5 -BIZK B 27 = LOBRBIBRIERB TR T2
DT, ZTOBDHMEDBBENEL otz LR EHh
5,

RIZ, APF A TBgiL 7=F 2 V& D EREX L 7= i3k
MaEaRG, 228 BCHEROVIL PSR ICAHEE

37

F 4 OB r — LVEROBRR

! (A/dm2)
S o S

Current

~N
=]

-—
o

Potential (V vs. SCE)
)

(=

L 1 1 1 1 1
0 20 40 60 80
Time (s)

L I 1

L
100
Fig. 7. Fluctuation of current and potential at an intermit-

tent alternate current electrolysis in 1.6 M HNO,
solution (50°C).
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Fig. 8. Effect of the current density at the alternate current
electrolysis in 1.6 M HNO, (50°C) on the descaling
loss and percentage of the descaled area of the tita-
nium plate annealed in laboratory.
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Temp. of| Elec- Descaled area (%)
salt bath | trolysis | HF [0~40[50~90e5~99 100
treatment| in HNO3 | (%) Descaling grade
(C) soln. 2 3 4
1
470 Applied 2
3
500 Not ]
Applied 3
1
Not
410 | Applied g

Fig. 9. Effect of temperature of the salt bath treatment, al-
ternate current electrolysis (20A/dm?) in 1.6M
HNO, solution (50°C) and HF concentration of
10%HNO,-1~3%HF (40°C, 60s) on percentage
of the descaled area of the titanium plate annealed
at AP line.

Table 4. Comparison of suface roughness, glossiness and
hydrogen content between specimens annealed at
AP line and descaled by pickling in 10%HNO,—
3%HF solution (40°C, 60s), with or without al-
ternate current electrolysis (20A/dm?) in 1.6 M
HNO, solution (50°C) after salt bath treatment at

470°C or 500°C.
Salt bath treatment | Electrolysis Roughness Glossiness | Hydrogen
Temp.(*C) [Time(s){in HNO: soin. [Ra(um) [Ry(¢m) (60') (ppm)
470 20 Applied 0.56 532 24 33
500 20 Not applied 0.83 7.38 9 32

Table 5. Results of a descaling test at an AP line.

Electrolysis |Remaining |Glossiness | Hydrogen
in HNOs soin.| scale (60°) (ppm)
Not applied |Be found 22 25
Applied Not found 28~33 26~217
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Fig. 10. Optical micrograph of suface scale remaining
after descaling at AP line.
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