EOVT I HBEERMRISEIRE \Vol.46, No.7
2017 4 7H RARE METAL MATERIALS AND ENGINEERING July 2017

3Cri3 fNERMEEELA TD 7% VC FRERIFI % R IFRAE

Hhe,EER BB BB, TRFE? ) THEW
(1. WL kR, Wi #iJH 310032)
(2. PEFIFRE LigNHYEG 5T, Big 201800)

kR, W

8 ZE: RH FLiNaK sk EiX 3Cr13 AN 11 43 3 BEAT A [F] I 18] B #8 S BETTAR (TDD, R X S R ATHAL (XRDD.
HFERED (EPMAD. HHEHE (SEM). RR4E IREEEE TS 7 VC IRZ MBS . B R AE . SRR S A KB 1) % .
SRR, 3Cr13 AEEMM R AR T 3~5 um JEMI A EUEEN VC IR)E, R 2R, VC MR &N Si Al Fe ot
F. VCIREMRFY (HV) #E &k 32 220 MPa, 5 E 5 (R (MW 2 W4k R . VCIRERHJLH 9K EETAAE
AR A 11 Si0,, KM RARIR. EZREN SiO, AWK REKT VCIRE, (13 SiO 4 #1172 o 52 ) hi B )

MREARE . AWFTE RE AR & Ak 27T LR F TD 414 VC IR 2.
XK#EIA): FLiNaK %fbdh; M= MPTR; 3Cri3 ANEE4; VC i)z

hEESES: TGL174.44 XHERFRIRTE: A

X E4S: 1002-185X(2017)07-2028-07

L AERDRER I AP iR S — B
BGERE B T B A T B W AR E AR A
KW FSAHPIAR (physical vapor deposition, PVD). 1k
S M UTAR (chemical vapor deposition, CVD) Al #k 2
Ryt (thermal diffusion carbide coating process, TD).
PVD fl CVD 1 T3k BRI Ry, B A —
SRR, i, AT IR RS IIRIZEE, CVD HAR
FEAE SR 3 B AL BRR B (700~1200 CH M, wrg &
B R A E R . PVD R )E 1R BRI
(200~500 C) NIEH, W&MAR G, FARES
BRI B BUN AR A T BORE B RS .
TD b ¥ @ I & il 5 B E T A 2R T TR R4 e Ak b
M ZE, REESMR B, e, e, il
B DARPUE 5 AR SR A TERE, W DLA AU UL AR
PG, BAELER. FETE. 85D, 8
R B . (B2, TD HARRB IR EFR &~ E
ORI A I R gy, SR BT TD BER K
JER) EET 2 —

TD BAR K B2 4048 (h 2 b v, BT 34
I BRAEDTAE, MEERE R, Wb /NS, E
b SR RG FE R S BN 22 . AR £ ™ B il e N K
fer i ™ LA R IR b, 6 RV A R B A ok
EH . N T ollk Bakia @, @ — 0% TD M T

It HEA: 2016-07-15

2 MRBFETFR T Z M . @ Ulrich
Baudis 25 NPHE L — R tE 3y 7 %, KM (50%-~
100%) 1 BaCl, < J& slohi -+ 4 & s fb ¥ Ay £ 2,
(1%~30%) (&40 Pk BV & 208 Nt
Mo ZERB RN EESS, R WREE, (AAEEER
(i 0] A, ] K R R R SR B B R TR A
IR T U7V, AR FAE B I Bl M AR
PERIAL . 1988 4E, T. Arai £ NP5 TRIESLD)
Bk, FTLLZE 600 CLAFAbFE3K/S V(C, N).
Vo(C, NRIEBFUR AN AN E GIRE, ZREAEAR
TP B A R BB A o FR kT L, SRS 10 AL 3l 1 A
I KL BER 2 A 55 2 TD BRI BB R R 7 1A .

E A3 E R M2, FLiNaK ik 2 B A IR KIS X
] (J . 454 °C, Wb 1570 C) B, xRk T
52 38R TV B A e A AR SR AL TR 68 I B AR
). [FRT, FLiNaK f ik Eh7E il N SRR, A 5%
K, REEAR(SKMY), Hahtker. FLiNaK ik th
(133K 2 558 2 P AR AR A A SRR S TR T — R IR A
SERE A R AL A DUR SE 8, LR & &R 1
BT Mo,C. Ta,C. W,C 1 TiB, 1% 2P%, FLiNaK
AN ERBRRE 1) P B TR B LA AL A TR R ) R T B
FHUE X Fl 2 T BE N T TD ALEE, SRIGIFRER)Z -

3Cri3 SMAEHEE . VREEHLH Fr S A A

HEWHE : Hh E Rl B SR 2 5 RS £ 1 (XDA02004210); [E 5K & SR 1T (2016 YFB0700404) ; [E 5K H AR %A 4T H (51371188,

51501216); WiVl HAARIZEHEE T BITIH (LY13E010003)

TEE®EN: 5k W 55, 1990 4, WA, WL T RFMEEES TSR, Wil i 310032, E-mail: zhangjie2015@sinap.ac.cn



%7 W

7K A 3CrI3 PRI IMEL R TD i VC IRZ 1% M RAE

= 2029 -

R, R TRTA B 1R JE 22 BB 7 2 i AR,
R, AHF7E R FLINaK S LR /E A S, V,051F
LT, 7E 3Cr13 XK AT TD &b ¥, LLZREL VC
WE . W ARG R R R TH R T S AT L EE,
FHIEATRRAE,  FEXEAS RS AU (8] 4R 2 JE 5 A A KR A
BEAT 700, BUNEERTS TD AFH RIBALA 25 A B
WA -

1 £ W

S I B RIS A (7 4, %) HE 2R FLINaK
(L2 LiF-NaF-KF i & 2 304> 318 29.2% .
11.7%. 59.1%) Ky 86%, L4171 V,054 10% , i&JR
FURERS FUBRALTR R 4% . SE90 BT SR 6 KL 3Cr13
W, HALF g 1 s, ARS8 20 mm>Q0

mm>5 mm,

ER U B AL BT A AR5 e R TH K IR A T 400#
800#. 1200#. 2000#Hb 4T BE 26y, ARG A LW
FEEAH. BT RKAMEASKNBANSEEEN
FLINaK AL £ 50 & 42 0 8 kg 12, 3 A 78 Ar %,
(10 22 A Fp oK T ) 407 1 8 3 R RE JSON AS 5 40 v
WO AT IR K B B SRV RN G2-1.8-10
R E b, SRR N 900 C, BB
AEFEISEE] 3 50 9 10, 24, 48, 90 h. EhiBAF B HUS
BEIF AR EER. AT EREMmMALS K, %k 1
mol/L i) AI(NO); IR 30 min, T %5 /K%
78 30 min, dRJEHE B KA TEBE 15 min.

K H D/max-2550 ! X & A7 (XRD, Cu #£)
IR EYIA, RN 40 KV HIN 40 mA, FHE
JaHE 20 3090 HHEL KN 0.02° K B
EPMA-1720 & B 1454, HITACHIS-3400N 7417 % 5
P9 FUBE A T 4% 1) FL RS OO SRR R T L kT
TSI BEAT e 73 #r, Zwick/Roell ZHV u-S &4k 1K
B RE T U 2 2% TR AT A R

2 HER50MH

2.1 ®RE® XRD 73#h

1 52 3Cr13 AHMIER A T LA 900 C#h
WBHALEE 10, 24, 48, 90 h J5 TSR 2K XRD
i . XRD B 2R R AGA F 3Cr13 &4 R 2 A
B o-Fe FEARM/DER) M, Co iR, 5 A STHR H ik

=}

Fz1 3Cri3 FTHEWMHULERD

Table 1 Chemical composition of 3Cr13 stainless steel (/%)

Elements C Si Mn Cr Ni P S Fe

Content  0.318 0.358 0.422 12.8 0.2 0.01 0.01 85.882
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Fig.1 XRD patterns of 3Cr13 stainless steel with salt bath

vanadizing treatment at 900 ‘C for different time
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Fig.2 Relationships between l(111)/1(200) 0f VC coating grown on
3Cr13 steel specimens and salt bath vanadizing treatment
at 900 ‘C for different time
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Fig.3 Morphologies of different location on the surface of coating on 3Cr13 specimen after vanadizing treatment for 10 h:

(a) petals shape, cracks can be found in partial enlarged figure, (b) petal shape and slight crack shape, (c) crack

shape and slight petal shape, and (d) crack shape
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Fig.4 Surface morphology of the mixture coating in crack shape and petal shape (a); distribution of C (b), V (c),
O (d), and Si (e)
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Fig.6 EPMA plane scanning analysis of cross section of the coating with salt bath vanadizing treatment for 90 h: (a) BEI and
(b~f) the area distribution of C, V, Fe, Si, and K by EPMA, respectively
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Fig.7 SEM images of cross section of the coating with salt bath vanadizing treatment for various time: (a) 10 h, (b) 24 h,
(c) 48 h,and (d) 90 h
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Preparation and Characterization of Vanadium Carbide Coating on 3Cr13 Steel
by Thermal Diffusion Process with Fluoride Salt Bath

Zhang Jie', Jiang Li?, Xie Deming?, Li Chaowen?, Huang Hefei?, Li Zhijun?, Li Xiaoli?
(1. Zhejiang University of Technology, Hangzhou 310032, China)
(2. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: Vanadium carbide (VC) coatings were prepared on 3Cr13 stainless steel using FLiNaK salts through thermal diffusion carbide
coating process (TD) for different time. The morphology, composition, hardness and growth kinetics of the VC coatings were investigated
by scanning electron microscope (SEM), X-ray diffractometer (XRD), Vickers indenter, electronic probe microanalysis (EPMA) and
energy dispersive X-ray spectrometry (EDX). Results show that the VC coatings of 3~5 um in thickness form on the surface of 3Cr13
stainless steel. The coatings are petal-shaped and contain traces of Si and Fe. The average hardness of the VVC coating is up to 32220 MPa
and there is a parabola relationship between the thickness of the coatings and the treatment time. VC coatings are covered by rimous SiO;
phases with the thickness of hundreds of nanometers. The cracks of SiO; phases result from the tensile stress during the cooling process,
which derive from the different thermal expansivity between VC coating and SiO; phase. The present study also indicates the potential
application of FLiNaK salts in TD process.

Key words: FLiNaK; thermal diffusion carbide coating process; 3Cr13 stainless steel; VC coatings
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