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Abstract: This study attempted to solve the problem of quantitative removal of TC4 titanium alloy surface material and improve the
efficiency of the lapping finishing process for TC4 titanium alloy magnetic particles by employing the electrochemical dealloying and
magnetic particle lapping methods. The electrochemical dealloying method was used to analyze the corrosion range of the TC4
titanium alloy in 0.5, 1, and 1.5 mol /L NaOH solutions, and it was determined that when the electrolyte concentration was 1.5
mol / L, the corrosion interval was large and the corrosion and dissolution of the Al element was obvious. In electrochemical
dealloying experiments, the dealloying behavior was characterized by potentiodynamic and potentiostatic polarization. The range of
critical voltage determined by potentiodynamic polarization is 0.5-2.3 V. The influence of the scanning rate was then excluded by
potentiostatic polarization, and the accurate critical voltage of dealloying was determined to be 2.1 V. Electrochemical dealloying
experiments were conducted on TC4 titanium alloy workpieces in 1.5 mol/L of NaOH solution at 2.1 V. Scanning electron
microscopy revealed that a nanoporous structure with large pores and continuous uniformity was prepared on the surface of the TC4

titanium alloy after electrochemical dealloying. With the prolongation of the electrochemical dealloying test time, the Al element
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continued to dissolve rapidly and continuously. The dealloying process penetrated deep into the interior of the TC4 titanium alloy, and
the thickness of the nanoporous layer also increased. After electrochemical dealloying of the TC4 titanium alloy for 3, 6, and 9 h, the
Vickers hardness of the nanoporous layer on the surface was detected by a microhardness tester under the same test conditions.
Results showed that, compared with the TC4 titanium alloy, the Vickers hardness of the nanoporous layer on the surfaces of the
workpieces after dealloying was reduced by 29.4%, 39.5%, and 46.7%, respectively. A friction test using a friction and wear tester was
performed on the workpieces after dealloying and revealed that the grinding ball penetrated the nanoporous layers prepared on the
workpiece surfaces after dealloying for 3, 6, and 9 h, and the times for the friction factor to jump were 11, 21, 35 min, respectively.
The thickness of the nano-porous layer on the surfaces of the dealloyed workpieces was measured using a step instrument. The
measurement data showed that the thickness of the nano-porous layer on the surface of the TC4 titanium alloy could reach 2.2, 3.8,
and 6.2 um after 3, 6, and 9 h of dealloying, respectively. Finally, the TC4 titanium alloy and dealloyed workpieces were subjected to
magnetic particle grinding and finishing tests. After 165 min of magnetic particle grinding, the 6.2-um-thick wear scars on the surface
of the TC4 titanium alloy were effectively removed; after 45 minutes, the 6.2 pm thick wear scar on the surface of the dealloyed workpiece was
effectively removed, the nano porous layer was quantitatively removed, and the magnetic particle grinding efficiency was improved by 72.7%.
In addition, a comparison of the Vickers hardnesses of the workpiece surfaces before and after grinding showed that the dealloying reaction
corroded and dissolved the surface layers of the workpieces, which decreased the surface hardnesses of the workpieces but did not affect the
performance of the TC4 titanium alloy matrix. Thus, dealloying-magnetic particle grinding composite processing enables the quantitative
removal of the surface material of the TC4 titanium alloy, and the processing efficiency of magnetic particle grinding can be improved by
reducing the Vickers hardness of the surface material. This processing technology can provide a reference for the quantitative removal of surface
materials while ensuring the grinding efficiency of cemented carbide.
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Fig. 1 Schematic diagram of dealloying process of TC4 titanium alloy
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Table 1 Friction and wear test conditions

Rotating speed / Load / Rotation radius /  Grinding ball radius /
(r+min™) g mm mm
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Table 2 Experimental conditions

Experimental

Item
parameter

Workpiece (I XwXh) / (mmX mmX mm) 20X20X%X3

Magnetic pole D / mm Nd-Fe-B:@8 X 20

Magnetic pole speed n/ (r » min) 800
Working gap H/ mm 2
Feed rate f/ (mm » s7%) 2
Average abrasives size d / um 250
Magnetic abrasive particlesm /g 10
Grinding fluid V/ mL 5

I APEAL, 3 R 4 B IR IR 6.2 pm
(A, RIRIRE IR RS 6.2 pm (1) TCA BRG TAT
AT WERLAIE B 52 5 L BRARE0 o J0 Ik Wl R B A
WM A & TR TCA SR 4 A%, £EMIFIN T4
PEF, LB 6.2 um BRI 1A, KHIELL oy
MG mrSEvE . P 104 11 S 0 T i A e A T A
RGTEC ], dE i K] 10a. 11a 0] LA H RO O
INTRT, TCA BKA SR 4 T2 W 1) i
75, RIMECE KL 6.2 um Ad7, 5EHMIMY
MAF P EARFEA—S. |} 10b iTLLAEH, TC4 %k
BRI EE RN T 165 min 5, TR mmHe
WA A = B AT, R TR B e Lk
P 6.2 um JEJE— 2L, tHE 11b nfLLEH, B

H < TAFRERIT R 63N T 45 min J&, TAFR
5 e L ZEAR BT R B, W] AR I 6.2 pm JRE T
AR Z LR PoE R LR, 15 TCA kG EAHEL, M
T LA RIS SRS TE 72.7%,  BALIN ] A B4
FHEBRACR W E 5Tt

K110 TCA BRA it iy o Ak i RO Ee &
Fig. 10 Comparison of cross-sectional shapes of

TCA4 titanium alloy before and after grinding

A1 < TR 8 T S R T TS DR LL
Fig. 11 Comparison of the cross-sectional shape of the

dealloyed workpiece before and after grinding

Kl 12, 13 I T AR TRES Le A, it
Kl 12a. 13a AJLLE 2], HERAHES DN TR TCA k&
R < A AR T A7 AR W] R R A g, IR
JE L PN 5 v TR A7 B AR AR 6 pm Ao e
7, S5 10a. 1la PETEAR I & R 22 A — 5.
i 12b, 13b AILLER|, TC4 k&4 T4
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165 min RRITEEE N T, & 4 T A 285d 45 min
WERI B CRE N TG, BRI A%, BN
DX a5 20 A PN AT B S ) e S AT A, B IR A 3
AR 2B, [RIIEA 4 AER I I9 K £ FLIZ B
R LR

K12 TCA B Bt B iy Jm & i B3 L
Fig. 12 Comparison of surface morphologies

of TC4 titanium alloy before and after grinding

K13 A< AT i o 2R i T 3n) EE &
Fig. 13 Comparison of surface morphologies of

dealloyed workpieces before and after grinding
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R G G R N T AR Z I i, SBCIAR
JEREE R BRI, % TC4 2k & Sk ik B
T8 BRI 6

Original FZZZ Dealloying 9 h
77 After dealloying 9 h processing

400 - After titanium alloy processing
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300

MAN\\E

200 +

Vickers hardness / HV

100 |

Original Dealloying Titanium alloy
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Fig. 14 Vickers hardness comparison chart
5 &g
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