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ABSTRACT: The work aims to study removal method of titanium ion in the titanium alloy corrosion solution, and to provide
theoretical approaches for the chemical milling solution circulation and regeneration. The excess titanium ion was removed by
adding precipitant to the chemical milling solution of titanium alloy. The removal effect of titanium ion was characterized by ul-
traviolet spectrophotometer. The composition and microstructure of the precipitate were studied by scanning electron microsco-
py, electronic differential system and X-ray diffraction analysis. The chemical milling ability of the circulating solution was de-

tected by adjusting the filtrate components. When the titanium ion reached 70~90 g/L in the chemical milling solution, metal
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ions led to solution viscosity and deterioration of solution corrosion processing performance. The chemical milling solution was

difficult to continue to dissolve titanium alloy. When salt was added to the solution, the removal rate of titanium ions in the solu-

tion was the highest and up to 90% when potassium fluoride was added. The washed and dried titanium ion precipitate was de-

tected to be pure potassium fluorine crystal. The chemical milling performance could be restored by adding acid and additives

and the chemical milling speed and the surface roughness of the sample met the industrial requirements. The titanium alloy

chemical milling solution can be recycled by readjusting the precipitant titanium ion, thereby improving the service life of the

chemical milling solution and reducing the pollutant emission.

KEY WORDS: chemical milling; milling solution; titanium ion; precipitation; potassium fluotitanate; circulation; regeneration
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Tab.1 The main chemical composition of TC4 titanium alloy

wt.%
Ti Al V  Fe C N H O  Others
Bal. 6.4 4.1 0.04 0.01 <0.01 0.002 0.16 <0.1

1.2 IZR#E

TC4 PR AR BIR A H - TTAL— WU TIE— BRI
SRV BUE > HUKBE 1K IR IR I TR —

2 ST I T — /KR RIS

HETZWT .

1) B9, NaOH 50 g/L, Na,CO;30 g/L, NaSiO;
40 g/L, WHEE N 60~80 C, [IMATE]ZN 20~30 min,

2) W2¥k., HF 60 mL/L, HNO; 40 mL/L, HCI 60
mL/L, #EEEH 20~30 'C, BRI EN 2 min,

3) W, SRHAC B Tl i R it B s kg
SX-150 fL2EBE VI Ukt o

4) UM T, BRI . REIR+25 fEE
TRV AR T, WA I 00 v v = B Pl T PR R LRI
FLAGT A B W AT B MR 29~31 °C, HLIRIEHE
K 180 r/mins
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2 N [ ek 5 - Uk B Bk B 4 R 1) fL B
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A S Bem AR RE T o
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SR 35DL AUHE 75 I 0 JEA SO S e JEE 88 1 A
S, JE A I BT R 2 A o TR
K IB-6C KRS B %8 B S0 25K 7 4 2 T RELRE 2
PEFEEAE N 2 um (flER SR TER RS, BURE RN
0.8 cm, JEKEN 10 mm, RHEHE N 0.5 mm/s,
i, BEMLEE 3~5 AN B AT, ISR
P ME
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FAKE T, BERRUTIE RN R S0l 2 ARG A L RI5YR)
S A S E AR SRR R i met, SR
KETFLL TR AEW . BEE IV T, Bk
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Tab.2 The precipitation coefficient of Ti**
in different salt solution

The The original The new

types solution solution Precip i.tation
of salt Absorbance Absorbance coefficient/%
KCl 1.823 1.369 2491
NaCl 1.823 0.877 51.95
NaF 1.823 0.403 77.92
KF 1.823 0.162 91.12

B FEE T 50 /L MRS Sk BEE RO InA
—E R AL, IR CE T — R IR BN R
—Bemta], AP TITRUTIE AR E R —ER R Y
TR AR, WS K, ARTF RS, STHbst
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b, SRR TiY R IROEEEAR /N, ULTERAEE A E] 90%
DL b, BT B R WDT T IS T A5 8 IR B RE 8 3k 3]
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Fig.1 The XRD of sediment after washing

Xtk g A R ZOKGERDIE YT EDS A, 4N
Kl 2, RBUEYIRIA —)Z A OERP T, T
W, AOTR, W RERASIAZERER S T A . Ut
TEPITT AL KR E0h 0.02%, TTRESE T ITE
Yy bk S FROCER MR, R TR SE . [IRE, DU
Yorp K2 Ti: F B2 Ry 22126, 25

Element | Weight/% Atomic/%
CK 4.95 9.94
OK 2.56 3.86
K FK 47.55 60.41
AlK 0.02 0.02
F KK 27.62 17.05
C TiK 17.31 8.72
Totals 100.00
K
Ti
MJ Al
T T T i3 T T T
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Kl 2 JRBERTTLIEYI K EDS 734k
Fig.2 The EDS results of sediment before washing
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A XRD FEARHEN 2 A @5 A KoTiFs. FRHRXTIIE
Jea KV HR 0 A S AR T EDS A, anfEl 3, & B
IRV A o0 28 K AR FE B s Ok, DliE b
K:Ti:F JRFEPEZANIRN 2:1: 6. 255
EDS. XRD #ARKMZESR, kG 4 L BE % i
ABRER BBAE L SR AL SRV i B KRS, T DUAE AR
4l Y Ko TiFs A @iiyEdyt P,

10 pm

Element| Weight/% Atomic/%
FK 4579 65.05
K kK 3469  23.95
Ti K 19.52  11.00
Totals 100.00

3 4
E/keV

K3 JKUERDLEYI EDS 3 Hrds
Fig.3 The EDS results of sediment after washing

2.3 RKIEE

IR VTIEAN S, T P 45 vk B & A AR Ak
SRR I VBB PR K R AL B BE T, T g WA T
W AR TR C BEE T UTE, B LA
FIFEBCE T 100%4MIN . Fie B e BE RS IR, 3 5 B
P TR 55B E B T EE E AMINRR R A AR E
HUHT LIRS TR IE CHY) . RSRRIRE Tk E
C(NO3). A MY SE C(HF), iR ¥ C(HNO;), LU
FIERIE B HREE CH), SRR ES TS C(NOy ),
WLV BiBCIEREIRE V=1L, X, Y. Z 5504k
TGS . SRR . KRR, IR A TR .

X-C(HNO;)=C(NO3)-V,-C(NO3)

Y-C(HF)=C(H")-[C(NO5 ),V +C(NO5)-V;-C(NO; )]

Z=V-V,-X-Y

UE VB U AR AN T T A R T T R T T R A S
hn e, FIEAR TR TR R EE, KT
PRBEI R S Tk i T 75 o 24UV RS T 2 bRk 2]
90%J5, AN R h R & T 5 /L.
2.4 UHBARPESER
241 WmEREE

W5 b TR R T, AR BRI R TR AN o SR AN I
BEIEAE, B AL, HUREE BT, Bk E TR
W SE ARG 10 g/L B R5 BEXTL B WA TR AL R
o VA YRR o A UKL R A 38— s . R R RS
AR s ¥ S [ A a7 (5 B < VA NI 7 N - e
S ABERE FRETRRE B . fbBE R | A TR
A4k, WNEE 3, HA R YRR AR B Tk R AR AR
JEEERRUE TAEIZRITT . WP B I m v N 0
/L BTG N F] 72.48 /L I, W 14 A 3k o Ak
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Tab.3 Adjustment of the new milling solution

A BB T A ht/(gL)  ANMAMLES T/(molL) AR T/(molL) ALHEHE/(ummin) HUEERE/um

WIkH BB 0 7.44 9.08 20.12 0.299
ER RIS kY] 9.99 6.52 6.92 9.93 0.243
ERR/eLE IS 11.26 7.41 7.48 16.61 0.307
2 2 YRR Y 20.18 6.35 5.42 9.58 0.304
o5 2 I E 21.44 7.02 6.25 14.02 0.296
2 3 YRR 29.20 5.85 5.42 9.58 0.312
o5 3 RIS 30.45 6.93 5.67 13.95 0.427
2 4 YR 43.62 5.46 5.25 9.97 0.325
4 R s 44.87 6.55 5.49 13.25 0.293
5 YA 57.54 5.19 491 8.98 0.269
5 R E 58.70 6.21 5.47 11.34 0.367
6 YT 63.12 5.61 4.75 8.41 0.315
6 R G 64.30 7.12 7.35 11.03 0.309

A B 72.48 5.55 7.89 6.33 0.408
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FEARRE 2 T, Uh B R R A R K AR Y
VSRR R o BEE TR B 2, VIR 7 A
WA, ARBEER BN . R RS B AR AL R,
A2 s i 2 B Th s, Ui B BE % Bk B & i g
%, WIRETSENIR, AR TSN, VR don T
PERE TR0,

B LSRR T, TR, R R, B
VAR AT , SR FIEBE VR R T M S S AL
B, &R TG &R BERGNG R —TCWRER
BE 25 . AR AN G 43 A B TR BRI TG R, AN
BREERG O, Ui A FH C ook 4 s B 56 4 alE
T BRI, &8s bR R, %
TR T A AE 1 B X0 Ak e i 1 4 R B AR BEL
VER, s fk ) 4 Ja 25 1 ok gk S el AL 36 B 2
o [RIEE, B A9 42 T8 B T J0 A A0 3h 5 B0
PR T, I TR IR RITE— e JEE N, U
TN TR AR 220, 5 6 YRS , Wk
Bk 7248 g/L, ARBEEEEFREN 6.33 pm/min, K

BERETA 0.408 pmo I &S U EE3E K] 7.89 mol/L
F, JE phEE ARG, W E S ARE A M T, Xt
VES VR TR I R 3 L TS RN TR, I VR A
PR, B LA AT LT AL B
242 BRBERBR

AR R A T UTTE AL P S X e A TR 2%, HR
B TR AMINAE . 150 mL/L SR, 133 mL/L
fiFlR , 20 mL/L $IFRAEH , 42 mL/L K &F7K, %b
MG RARR N 1L, fRBE3EE S 14.34 pm/min, R
FHRERE R 0.343 pm, RIZIHEWSLVINE . W, 5
T T B R TSR o VA VR B v B fh R AR A
) 72.48 g/L 75N 4.55 g/L i, Wi 4 MEHRE R
A5 110 RV SE | Bl BR B 7 VR B (R 380, f Bt 5 N 14.34
um/min R FEF] 7.52 pm/min, RGBS ETE 0.276~
0.522 um Z ], fLBE Rk 2 N, MRS
JEPRH R E Y. AEERE R B IR 80.11 /L Z i,
R MRS RS K5 80.11 g/L Z )5, HREREE
TR, Bk BT, Rfbst R AT,
HORBERRAR, 55 5 WA T bR f#hn &,
HWRBE L TF PR P i S PR AR 2 F IR VAR T
A, BRI G E BT

R4 BAUKBRAE

Tab.4 Adjustment of the cyclical milling solution

R BREFaHE(eL™")  MERIRE F/(molL™")  AEF/(molL™") (LBEHE/ (ummin™") HIKEEE/um

WItH BB 4.55 7.44 9.98 14.34 0.343
551 IR 19.03 6.77 7.24 14.54 0.284
51 WA 20.28 7.83 7.48 15.12 0.321
5 2 IHHEETT 26.86 5.38 5.42 11.74 0.276
52 WG 27.12 6.88 6.25 14.04 0.395
55 3 RIAAE T 39.51 5.34 5.43 13.71 0.336
53 WIS 39.74 6.36 5.67 15.54 0.417
55 4 AT 46.05 5.27 7.23 11.33 0.352
54 WIS 46.30 6.31 7.32 14.61 0.323
55 AL 51.74 5.15 7.30 10.42 0.331
55 WIS 51.98 6.22 7.44 15.01 0.426
5 6 UKRIE T 63.30 5.23 8.21 9.734 0.371
56 WG 63.55 6.29 8.51 13.52 0.279
557 KRE T 67.18 5.02 8.08 10.63 0.448
57 WG 67.42 6.06 8.32 15.61 0.353
5 8 YK IRL T 80.11 5.12 8.16 10.21 0.436
58 WM G 80.36 6.18 8.18 12.23 0.421
59 IR 88.73 5.59 8.68 9.95 0.293
EACR/ SR 88.99 6.63 8.71 11.43 0.418
5 10 IRAEHT 90.95 5.08 7.93 12.74 0.318
510 RS 91.16 6.12 8.13 10.44 0.333
511 WAL 92.20 4.98 9.85 7.81 0.522
511 RS 92.29 5.99 10.06 8.54 0.473

AN B 92.36 4.79 9.84 7.52 0.514
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