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L1 #R5RF

B SIS B A RN TOlk2h8k TA2, AN 10
mm X 40 mm X 2.5 mm, s R 1. B0 7E H
112 (Na,04B; 10HO)E B, AL FS(CaCly)fE NS
HARIT, —H Y N irat.

F 1 LAr4l%k TA2 ALY
Table 1  Chemical composition of CP-Ti TA2 (mass

fraction, %)

Fe C N (6] H Si Ti
0.3 0.08 0.03 0.25 0.015 0.15 Bal.

1.2 REETALIE

KR 23 I 2407~15007SiC RS ARAR VR AT BE B T,
SRR HEAT BRI R AL B o BRImRRE N 60 °C, ZH AL
U1F: NaOHI5 g/L. Na,CO5325 g/L. H;PO,60 g/L.
NaSi0;-9H,010 g/L ALl . 321tk FH 4%HF+20%HNO;
(REMB)HERERBRS . SR T, WA RM 5
min, RJ5H 28 FOKIEBERT T8 SR s s il s

1.3 SLidiE

T 45 B (Nay04B, 10H,0) 5 546 45 (CaCl,) 7E
80 C IS X T 146 T8 24 h, FREUT & /3 Btk v 9:1
FIBKIN RS 5 &40 85, RS SEKB MBS 75 um
HRENA B A SRR B T B2
HL BEL P 4 150 B A O THR AR P T AR THR, THRIERE 70
3IAMEL: BB EEE 573 K A FHE, FHE
A4 40 min, SRJ5 IR 20 ming 55 B BB #E
% 873 K, JHEWFA 30 min, f£#F 20 min; =B
PE B I R E(1153, 1193, 1243 £ 1293 K),
FHIETE]) Y 20 min, iR 60 min. £51% £ 7€ b )G,
RN L. SEE0 DU SRR, 554
HERE VR AR, SeBe i PR R AT,
fRSE R BUR AR S A B =IE, REG N5
FoK AR B, B 22 2T PR 48 0 S5 AT M 3

14 ZEFXRME

BRI YA 71K F Empyream 85 X §F£64i7
SHXU(XRD), FHARHE N Cu 8, 45 20°~90°, K,
PP 2=0.1540598; A AF W7 10 A0 T 55 43 B K
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Energy350 % &t {X (EDS), &2 J5 FF (1)l & 35
JB/T7709—2007 (AW LA Bl K J2 R A
HEY SRHE

2 HER57HE
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Bl 1 RT 2, AN TR R IR 6 B2 T, A FAR S ST 46 10 min
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A IS IR AT BOS AR B BEAE — B IR T R
AR, H R AR B 2 O AR E o i A P IR R 3G,
H AR T B I B X S ANR], — T T Y
DR R I R R, FRACHIRE: B —
KAEEFE, DT ZEBFAE R AR RS . HS
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BA S (38, DR, S5 e e BRI 2 5 Ol 500 A/m?,
TR LR A 1.31 Ve
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Fig. 1 Change of electrolytic potential with time at different
current densities (1193K)

2.2 ZEWE#I SEM F1 EDS 747

SyBIFE 11530 1193, 1243 F111293 K MIIEE 5
W, BWE AN 1560 min, B 2 BN
90%Na,B40,-10%CaCly(Jii & 73 F)EA FEE . A IH
I ISR FEWT T ) SEM . W 2 WULEH, A
AL BE RIS IS AT A3 B XU AL 2, B 2
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POREUE B M T R AUREE . XTE 20)E)Z
HEATBEE T, R m(B):m(Ti) N 30.82:69.18,
nB):n(THZIN 2:1, HWILEZE E#Z TiB,, fmdl bk
m(B):m(Ti)N 19.37:80.63, n(B):n(THZIA 1:1, HEM I
N TiB.

EF—IRET, BEBMERMEL, TiB, B2
B )E, TiB SRR R R T8 BTG N . E 1153

K, HTEERK, B ETFHRY BOERRE, Hit,
TiB, B2 EE /N, A/ /N TiB AR, #E
N 1193 K, &l 15 min 7 TiB, 22 F A TiB M2l
TERL, BEENEIEK, SAURHH KIS R, 2
HEFER 1293 K B, M 15 min 2 J5 TiB UK
S4B T 10 um. B 60 min 5, TiB, 32 ENEL
%, HJEELN 8.4 um; TiB FAIAEHE, HEk

B2 90%Na,B40:-10%CaCl, fEA R . AR 22 Wik (1] SEM &

Fig. 2 SEM images of cross-section of boride layer formed at different temperatures and times of 90%Na,B,0,-10%CaCl, (500
A/m?): (a) 1153 K, 15 min; (b) 1153 K, 30 min; (¢) 1153 K, 60 min; (d) 1193 K, 15 min; () 1193 K, 30 min; (f) 1193 K, 60 min; (g)
1243 K, 15 min; (h) 1243 K, 30 min; (i) 1243 K, 60 min; (j) 1293 K, 15 min; (k) 1293 K, 30 min; (1) 1293 K, 60 min
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KRR 60 pm.

ME 2 HETLAE H, X TiB, B2 5% & TiB
pn AU . TSR AR W, RIS, TiB &
FEEER N, [FETiB MK, %N, A%
BIMZ, K.

B, HERREA B AR, S
SRMETERK TiB, dbik, XE5RIFETENE 2)£
—PT; RIE, SEESIEREMIZE T TiB,
25 Ti R MNIAERK TiBWE 2 AR, TiB, 82K
5 TiB Cit&7E—#S, #8 TiB, [ TiB f1%1k); [
W, BFTAERCK B R AR EEAR SR T i HoE
TiB, 52, B TiB 21y 8, 5 @R 1 Ti
S NAR 2242 | TiB o

2.3 ZERE/ XRD 7347

Kl 3 Fronoy TA2 20 HI7E 115311931243 Al 1293
K &8 30 min i3 iFER T XRD . 7E 1153 K
1193 K i, PR HBL T TiB,. TiB Al Ti AORTHH%,
XK B ERAL, TiB, 28, Kk, TiB,
BE RN TiB A Ti ZEAREREES AT E]; FI, ik
BRI 200 30 min 8t TiB MATE L. 7E 1243 K
B, Ti PTG 5 5 B R ek 55, 2 0 bl SR 1Y) T 0%
A2 26=44.437°1 TiB, W§, JFHAE 20 ¥ 78.639°F
88.397°H4 NN T Wikt TiB, fiT 4%, X UiHH TiB, dfk4s
Fizdie s, FHiE, mT TiB, B EEEHIN, TiB 1§
HAERMAPE . HOLERATHE, & ARSI
FE 2R A AH S IR
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Fig. 3 XRD patterns of borided titanium samples at different
process temperatures (500 A/m?, 30 min, 90%Na,B,0;-
10%CaCly)

w2 VAT ATETE R
Table 2 Gibbs free energy of reaction
AG/(kJ-mol ™)

TIK

Ti+2B—TiB, Ti+B—TiB  Ti+TiB,—TiB
1153 ~260.78 ~156.38 -51.97
1193 ~259.90 ~156.04 ~52.18
1243 ~258.75 ~155.57 ~52.39
1293 ~257.59 ~155.09 ~52.59

24 EREKINFEDH

WA TiB, JRE AR HTiB R AE KB )% A
FRE T TiB, 3255 -F 7 bRt (B stk an sl 4 fr
e ATULE W, BEEERSE 7 5B R 2 HL K
R, FF4 Fick H ¥ #Hoed R, &M T
B J T4 B N2 B R A KOG IR Y, Rt
€ TiB, R HAKE R H L K EET B R 11
TR D,
d*=Kt (1)
X d A TIB, ZFEE, m: K NBEEKEFEE,
m%/s; ¢ BHIRA], s,

AFNRE N2 EE KR ER KB R iR
Dy 4 hlEEZMRER, HitE8 R 3 s,
FILLVEH, 182 A KT A S TR T 3 K

KARTAL 2% R Na,0,B;-Na,CO; & &%t 45 &
BEW, JHEM TB, BEAKERFEEN K= 7X
1077, Kpop=1 X 107", fHESE R 5 ARSI 45 Rz
L SCHREE Y 5 AR O EE AT R R,
FEXT TiB, & 2 A K 8 2 5 B I 52 o

100

E =—1193 K

R *—1243K

T +—1293K

g 60

)

=

kS

[72) 40 B

6

g

Q

2

o 20F

5

=

o

%

0 1000 2000 3000 4000
t/s
4 TiB, B2 BT Ji(d@) 5 2% R E
Fig. 4 Relationship between square variations of TiB,

thickness (d°) and time (¢) (500 A/m?, 90%Na,0,B; 10H,0—
10% CaCl,)
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R3 BRSNS AR AR

Table 3 Determination coefficient of layer thickness and time

Temperature/K R’ P Equation Ki(m?-s™)
1193 0.99639 0.00121 y=5.85x10""*x—1.005x10""° 5.85%107"°
1243 0.99885 0.00038 y=1.24x10""x+6.94x107" 1.24x 107"
1293 0.99347 0.00218 y=2.10x10""x+2.266x10""" 2.10x 107"

T HRERVOEY BOI M — N EE N E,

B R T B R D Yo B BT . 5 Hod R
Z—RHNNINARR R A R BN AR
WEERA - TR EERI LA B IR IR FERL LSS, AN
KR F 2R RN BT, ARSI B AR E
Wi PR 2 IR T . 2R A A AR B 3 8IUR 20(Do) 2 AL
b, BURIEY BB RE(O) AR b, S S BRAES
HRE D A4 F . WETHTIR, BGE TiB, BEMAEK
FEH K ERET B BT EURE D, Ry
WH D Koo, W K. Q 59 BUEERISE AR
Arrhenius 2 3 (2(2)F R

K=K, exp(—%) @)

XF: 0 N B WY BUS RE(L T B 1E 2 TiB, &
E A KBIERE), J/mol; Ko AY HUE ;. R NEER
SAREEL J(mol-K); T AMIIERIE, Ko

XF 3 2) P EU A3 K (3):

0
InK=InK, —— 3
0T RT (3

BAR, InK SR EEE T RELK R, HLELZ
MR N-O/R . W& T RIFHIB B KE R
K5 UT/EE, il EdEZ&mE s fix.

S5 NG)EMAFMEL TR HE: K=
2.75X107%, 0=152.02 kJ/mol. Klt, TiB,BJZ1E 500

=30
Equation R? P
y=—18285x-17.41 0.99931 0.01181
_31_
E -3
<
R
_33_
_34 1 1 1 1
7.6 7.8 8.0 8.2 8.4

T7/107K™!
5 InK5 /T RAEE
Fig. 5 Relationship between InK and 1/T

A/m’, 1193~1293 K MIAEKBIEAEN 152.02 kI/mol,
KARTAL 25 () 1193~1293 K (A KGR RN
189.9 kJ/mol. #R4E/;HTAI N, B JiFTEERIEAR -7
Py SR BE o 152.02 kl/mol, X 2R T RAEAE
BRITFT AU RE & . B JRF7E 1193~1293 K Z [AIf°F
PIBeERe BN, B B R B — N R R E 1 5 — A
R B BT we E MR ERAR, BURMREEE 2
Mg TE B R TPl o AR s Bz H, 5 Ti
SSLA A o B, T8 IS4 B I HOE 1
B 107~107"7, U8 B JRFEIEAA T (9 B
X PR HME, DRI s AR A4 T A ) A5

3 ZEip

1) KRG AR SRR IS, 15 A R
N 90%Na,0,B,- 10H,0 Al 10% CaCl,, 53|52 H
TiB, 1 TiB 41

2) RAE R AREB TN, LIRS A S0 45 0 & L
9 9:1 RGN BRI, EEE) 1153~1293 K. L
WEEE N 500 A/m®, JHHEL 15~60 min [I504FT, 7K
RINFFRIIE 2, B )5 BE R 518051 TiB,,
NJESE TiB, TiB HIEFR G U KA SR A

3) WREEXNSE R S A B s, B R
B, TiB, JZJEFERIIN, TiB &2 B B RN 58 i 145 B
SN, 7F 1293 K B 60 min, Fif§3)Z 9 TiB, &
JEZ)N 8.4 um, TiB @A F K R 20 pm.

4) WHBEH TiB, MAK /AT 0, B
TiB, B JEAE 1193, 1243 J% 1293 K A K38 L 5 5
BN 5.85X107°,1.24 X107 [ 2.10X 107" m%/s; TiB,
BEAEKEIEEEN 152.02 kI/mol.
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TATHE, AR, OB, IR, ELE. KSR IE R

Growth Kkinetics of boride layer produced by
molten salt electrolytic boriding on TA2

WANG Bi-xia, LI Jian-xin, MA Xing-fei, MA Hong-zhou, LI Zi-yi

(Shaanxi Engineering Research Center of Metallurgy, Shaanxi Key Laboratory of Gold and Resources,
Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The molten salt electrolysis method was applied for boronizing on titanium surface using the Na,B,0,-CaCl,
composition as electrolyte. The effects of salt temperature and boriding time on the phase composition, microstructure
and the thickness of the TiB,/TiB layer were investigated and the growth kinetics of the boride layer was analyzed. XRD,
SEM and EDS means were applied to analyze the phase composition, microstructure and morphology, element content of
the borides layer, respectively. The results show that, when the experiment is carried out at 1153~1293 K with the current
density of 500 A/m’ and boriding time of 15~60 min, the boride layers consist of a homogeneous and dense TiB, on the
top and TiB whiskers penetrating into the substrate. The thickness of TiB, is 8.4 um when boriding at 1293 K for 60 min.
The growth kinetics of the boride layer was studied by analyzing the relationship of the thickness of TiB, layer versus
time by mathematic method, and it is calculated that the constant values for the TiB, layer at 1193, 1243 and 1293 K are
5.85X107"%,1.24X 107 and 2.10 X 10™"* m%s, respectively, and the activation energy for the growth of the TiB, layer is
determined to be 152.02 kJ/mol.

Key words: molten salt electrolysis; boriding; TiB,; titanium; growth kinetics
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