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Research on the vacuum carburization process of titanium and titanium alloys
Yin Yang!?, Xiaodong Yan3,Chongqing Di*,Shuming Wang?,Zhigang Fan*?
1. China United Testing & Certification Co., Lid
2. Guobiao (Beijing) Testing & Certification Co., Ltd.
3. GRIMAT Engineering Institute Co., Ltd.
4. Key Laboratory of Advanced Marine Materials, Ningbo Institute of Materials Technology and Engineering

Vacuum carburizing technology was performed on titanium and titanium alloys
to explore the rules of experimental results under different time and temperature. X-ray diffraction(XRD), optical
microscope (OM), scanning electron microscope (SEM) and Energy dispersive spectrometer (EDS) were utilized
to investigated phase composition and the microstructure of the carburized layer.The results showed that the
thickness of carburized layer was increased with the enhancement of temperature. With the extension of
carburization time, the layer thickness also was increased significantly. The thickness of TA1 carburized layer
could reach 110-115 pm after carburizing at 1100°C for 7h,while the carburized layer thickness of TC4 and TA18
were 78-80 um and 88-90 um,respectively. The surface of the carburized layer was dense with no cracks and other
defects, which's phase composition were mainly TiC and Ti.The phase content of TA1 carburized layer was 85%
TiC,meanwhile the phase content of TC4 and TA18 were 80% TiC and 77% TiC respectively.The result suggested
that TA1 was easier to carburize than TC4 and TA18, which was because the alloying elements in TC4 and TA18
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inhibited the expansion of C element into the matrix,which led to a thinner carburized layer.
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EEERE . X—IREH, EERERET, MXene-Cl G805 A RN R EE, XFEEEH T HaEwE
H Rt — € PR SR+, ATHEmiEg thRe . AW FEERAL T MXene JEIE AT NAEA FE AL
SN IHAE, FRoNvIE RS D Re AL H AR 2 1] MXene 7B A SRR S 10 s S A M U Bt 7 2
LR

& =
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E09-36
PRSEHU T AR CoAl ¥R E BRI

s
W AR B T AR I 23 R 56 703 WS P

E09-37
HETEIR B T RDLIR B BT R B LA
B

Hh E BB e R TR

E09-38
NiAIHf 2R BER A& 18 S B@ T AR
25 /N

JARABREEBEHA BT TR

E09-39
WG IRER R B % K R AR B R B R AT BT IT
R, 22T, Jkms. Taf
BRI R

HLAE AT RLE A ARAS BB AT R R, b DLR E T U vl A T s i fub kb &, A
HEATEAME oG8 A e AN R U p A IE M SR s ) i A . PR EREUE M. &
FaE P AR JE Dotk S R 34 O o AR E M R B i 2 —, B LR ORI B M R 22, BUEARIR
JEAEN AR E . R AL A A T R Bh AR . AN, X A EE SR ) i RV AR I8 2 (1 BE
AT G BERHLE] AR A DRIAH T8 I R — P A s R ) % =i B AR S R v, fEE
R AR O AR AT 5 AU R S, IR LR EAT O BRI #5h 5 r itk BE LA R Ao &5
PR AR . S5 R, REIVERBERDN SRR, MBHREEECN 5 cm. JEN 16 mL/min. WA 15
min I, Pl AR EZ R I E 5], R ATIA 145 HY, BHZEKE 1.711x10-8 Q'm. X}
EU A 1) % 07 V5 B R A B4R 2 il ), AR D7 ) 4 IR R U JZ AE I B AT i BH % BB BB 3 @il i
WAL, W2 BA i B R PR R A ) A e % B 2R T

R o JikE (PAO 6) FEREVE AR F 5 F i AR IV A5, B ORI 2 R K3k A AR FLI
LI T BEEAES . 25 R SR I, 76 PAO 6 JEAlHIENG T, PEEEREL. BEIRMRERE . BE400R B A o5 FE S5 b
HEL IR R85 A (0 B I T B 0, 3 3 B p R T FRR IS AN W AR R B R IR E R AL, 7E BT IR R R R AR )
PEASTE BT 350 113502 ik F, BEL B A1 = B2 e TR AR 38 RN I 2 2 A 5| b PR ) 2 [) e A AR bR , 1
G EOR IR IE AR TR B 0 S S e . FEAR R E A AR, S I N BB S A B R 2R
T 5 PAO 6 FEAHIETE T GO AAMAL, (HERIREE . BB IR T8 B APl i B A BT AR, AR T
T M RAF ) SR, FRARE B BERAAT 5 ARV R . MIAH R i MR, BIRRm T
TSR I E SR Z TR, B AL I I BB S AT BRI T R R A A T S B -
FSF 2 ROIREE ), 12458 ] DR BRSO, ) AR I 3R AT R GF I B 1R o 7RIS 1R A F AR R 2 R LR
FUBTR R OIN G, BEHET AR AT A DL R AR ELAS e A Ak L B

E09-40 (fBEGd)
MRS R EE A, 4 BERTBWH SRR
XTI R R
AW TR AR L i FRA ]
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A, ARHE KR RE R OGRS, AR A 8. $RAEZRE Tl RrE K
JRMEERHE. . BK. B RMEHEGR MG AL RIFIMNE e LR bR s PERE AN R 4r bk im T
PERET) 2 N TR MR . A% Tl R EIURTEGER 3 2 Sk, (H b 13078 Sl T IR T J bk %
PrEMEECE, PR T AR ARG e B USRI R R o ASCUAAiEH L 85, BRVE VAR, K F A2 0
ERT AT R IO, KRR OGEAHE . By, BRRARBE T2, 4588, . 8. KRB 55
HHRSMZ, BINREE . W ANE I T SR R E A R, RIEINEEAE 15~22um Z (8] FE)
JZH TaBy A< TasBa #HA1 TaB #HZH R ERiE0)Z i TiB, AHAT TiB AHAL AL #5202 B ZeB, AT ZeB A4
. Horp, BBWESREREE S IRK, N 27N, BRFESEIE S BASE A AR .

XSG BORE S EEAT 18 il R B R e, BRSSO R Tl S AR Rk, I EIE R BN 4 B B A BT AL
PIORIFAE A s BHVB I b e R i =28 B e 2R hoF 2, B2 WS B2 ORI h, s o (5B R S
JE LT 10%; J5 HhiE %4 0.0885um/h, AH ELEH JEAA PR 30%, 7 BIVEHZ nl 0 AR 214 20 R 7EH

E09-41
BEEWR/ AREERENEEETATHN
WEASK L MU, A REE T A
L AP RO AR RS TR
2. ERBEEB R

SIBIRERET T IZ N AT BEESFREE N B R . SR, BEE X & B RME SR H &
A AN IR EIAED, EGEIRIRZ OOk 2 X 87567 (1) BEYR MBI E K o A T3 R T 454
5[ 7R T AR 25 6 B 7, R B TR R 4% TR BE 53R/ A B E GRS, DA R
JERERE . U AIR)ZE IO S5 R SR OURE FE ARk, PRSI ISR R AR ok (~ 8 pum) B b Y AR T
AR G (~50 nm), [FII A7 SB35 51 B IR Z R Z~ 80 pm . 5 WC-5%Co & & FEHERT, GS Ni/
FEBIRE I ERE R (COF) MR8 0.33 5 1.14 x 10-5 mm3/N-m, S5Hi6 &3 L7 71 A%
T AT%MN 93%. WERJEWOMAEAI R 3 A o3 T R W, BEEEZEA RE VM GS Ni/ A 8212 IR i IS /)
Oy, AR R ZIB AT, R A SR 3 ek B T . PR DR 7 S P e 1 K VR A 2 T AT
TER o R T R AR E s 5P R PR T HARTR S

E09-42
B R AL R T AT
5R/MEE
JARABREEBEHA R TR
E09-43

C JRALEERBLN KRB TR R IR 2 AR 3 Ay R
KK HERE . M. FRA*
RS SliPNES

MCrALY 3 Z1E NG RIZRE T 1218 FITE AR KT R B UHE ) 2 80 G 4 A BE SR T DA R & S S A 2%
R . KA THHR MCrAlY R )2 R &8R4 al e i CAT S80I 51 N B IR 15 iR ER T 2
&G99, MR AR ENAIEA FFdr. Wik, ASCRAKSEE THHR, EEEmARF 5 NBEH
B 30 I A R R A R SRR AL S B NICIALY 132, B RES B S &nE, Wit T
NiCrAlYC [@#JZF1 NiCrCu2B 5 CuNi2B K545 E AR ik FE S5 i S B AR IR 2R R . SRR B,
X S RATH G TTVERAE T IR E ARG AR R R O E P I8 IR T A5 i 2 (0 G R 5 i o
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WL, C LRI RENE A K NiCrAlY R F7E ITid R A & &, NiCrAIYC A& &=
MEEE NiCrAlY BT 2.87 wt% %% 0.40 wt%, NiCrAlYC &2 FLBRAL, HASEHEH . S8 mER.
WIZMEE G 53 MPa #2722 >71 MPa. BOLHVEINRIG 4 R EK W, FET C oH AL 52N i £ 1)
Z A IR S & SR IR IR Z R A 52 S0 RGN KR EITE « G 55 5, W2 BRI i
M. HETRARISES PRl IEaLBAERE, MEREaitm T 150

E09-44
RIEBOL TEHENBRERE: SIAGURE LSS R PR G HRTR
TEZE, B Z
R AR RN S TR

ST B SO B 1 % Fe SRR, it B A3 A SURAK G-I IO R AR S 2 . IRV 7 T
PO G MO B RSO T A KR 2 — 55030 5 X — BB 7 X — AR R X — A X — . R R XA
AR GRS A M, TSR] 47 nm. PR R X LU o-Fe. y-Fe M. M7C3 Al MC A4l
e THIEBURT 6 um. 1T Hall-Peteh 2087, HBRE 40K HI 2 MBI 4RI W2 4080, L 1136 HVO.2
TR AVE B RO TRELRE Sy, [N, SRR b ARG R, R I T R RAR M7C3 HIFT MC
SO R R P FE . 0 R TRV (X e B G O B, P B JE2 B % 4.3610-6 mm3/m-N,
SRR e 52 A g2 T U T R AR LB AT B 7, L 25 PO SR B 4

E09-45
RS L A B e M R AL Ti6A14V & S HIXUERSN 5 1R 2 BT
PR N R
ARV S

Wotrhdissi (LSP) A R—Foilt BRI MR T i AL HR,  FEACBEME AN AR 38 IR0 2%

R GFNEEE . EARTAES, FRATBIN T S5id kb4 B LSP (HFEP-LSP) T2, # LSP L& 5 &
kPR 2 DL SR B VR R AL R, . 7E HFEP-LSP L g, IRATE e T AE Bk , B
H Jk R PR 28 5 O G i T B R I 1R RE Y RN R . BRI TS E R S, sk
MORAEDS . LSP A A RS T, % L2 LR 1600 um GRIGERRIEN 115,  [FIRfli43 8P AR
JEURFEGIN T 83. 3%, MLk, AL B 1 1% TEA R F A BmAHAE . Z8G o4 | HFEP-LSP
T25RERNBIHEREERER . tsh, @850 7 LSP A1 HFEP-LSP X Jy 2k ag CRLFGRLMP. 9855 Al BE
PREVERE) M. 5RIBEEAIEL, HFEP-LSP2ed #¥: fh i BR PR F e 4 BE (KR 7 B4R & 1 11.8% Fi
56%, JE5iAFandem 1 176, 4%, fERE 7 ONE RN il B TRIP/TWIP AL, FFuUEBA T HFEP-LSP X
B AN L PR % . BeJS, 577 LSP A HFEP-LSP T. 2 /15 MEReA 4 H ik, AT TN
oItz

E09-46
SRR AR BN E BYUKE R E R X BRI R A
Rk, B EE
R LY==

BB G Sl A ERE A 2 AR RE, SR i T A S AR TE, A
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P JE R RETE BT B LRI &, AN RETE R R I E YRS &, AAAER Sl 2 R0 X . Rk, el {34k
PN AR 2 T B AT 2E 03 M S RS A R IIT 78 0 B s RO A S o I R F N B R e BV E T, fEARER
T 1) 2% AR R LR 2 R TR T AR A R AR s PR I 5 7 TRl 22—, G HGRAERCGR T ) 25 B R B 25 D Re 1)
ERIRENGNAKE W 2 0] LA R AR 3518 B AP SRR . (R R BN — A Bl B, T 9KE
SERI S H A FEBOLLER N I IVE R FARME R AETEAR s BN H 18 S (AR A A LA B4R . 4T
X b I e L, ASHI AR R I A e e BN ) AR R S M AR R IR, JRiEE TR B,
REEZME B RE, SN SRR R . b, 51N EE RS A AR o, W T A E AR
UER TR Z0EIMNT IR . &5, BRI AEEGURE IR, BGRB8 R Z 2R
JRURE R, DA R BAOREN RoK A 3 T AR B RIS, AT R PR R 1 2 I P 1 B

T KIS BVETEER R T 46 T AR RERING K FE L5 M 1R 2, MBS ER I EE R LEN 9:1, KIRE N
200°C, JKIEFIEN 2h, KBGEBHE TR N 0.05mol/L I, SR — AL Ek g Kb K AR R AT AR, 4
BT AR E TS RGO R A RS, INGRKEE 32 31 A 8 0 H S ARG K Ak 9 R IR B A
YKHE, P £ B ER T KRR BN K e 45 14 % 2 1) i HEL R HICH 0.78pC/N, 254 71 ]k 31.8Ns

TEARARK B A VE R, GRS MR 2 R AR FR FA R, 77 A2 PR R THT FL Ay 1T ASR TR E 5 SAS DR )
Re 71, HARAAEEZ S MARRREV GRS MR E 4t 7d 0 ik)E, RER MU AR AR E
KieEan, HENN 2.9mg, SBF 85 -FIRIERRC T 48 ug/mL; IR /Z 3R 1 HLAT I W] DA 1 48
(PR R RI3G Y, R PR ER R TR FR BN BN 9N K FE S5 IR 2 I AR I e R AT, TE4H M 35k

E09-47
B3 B & (W2C+TiC)/Ni PR B R & & Bk
KA R

el R

IR R S BAMEME A — MR BT AR, RILHBAE G T RTC: A R S5 6 J15 R . AR TR
G A B I T S N se 2, TR, R S A TR T R 75
K@M FIF XRD, SEM, TEM 253 H7 77 2:5%F (W2 C+TiC)/Ni 3 RRUIR 5 53 5 KA R O T S 147
FAE, FHXSH SRR EAT IR S 2 hr .

FIFH W-C FHEIH W.C miRABNAE 1250 °C LA EATHRE AL, W EAL RN H B A 5] X W2C+TiC
IR 7E BV BOHEBVE TR, A B T X A0 Y, JERE R RS B, BT RRRIR R 4
o PSSR T 1 AR SR o FE - M AT 1R P R, T 3 55 110 ) 5 B P8 4 T A ) 7 7 L 28 A P [
e s B AR T A RS Tl TR SR AR I B WOL TR DU B, RS A S U AR S
P RSE, SE SR 125t B . RN & AR, SR MRS A 7 B E AR b s T3 I & B2
T, MM RSN, SRR R. teAh, oG 2 B3 oo BRI 52 RT3 K, T 4 40 1)
B K2 AT R FE RS R . MO T &S 50N 2400 W F130E N 4 mm/s B, & I0RT G52 6 R~
A9 8.27 um A 233 nm, BEEF, WUIR R B A BHA R TR PIRL R (841 MPa) FIZEfHZE (24.3%),
MU TF AR IR A AR RE IR TE T 29%, M AEMERA FRAK, X T 550 45 ) Wit SR i p bkt

URFRRX

495 -PO01
Y-Hf 3£82¢ AICrFeNiCu B & &R ENHR SR A
MRER:. (ERRe. VRIS, FRE. B E4
LR K2

A TAER H B0 (HSLO)H AR 8 & MR I H] 4 1 Y-Hf 25241 AICrFeNiCu =64
(HEA)RZ . STIRIZMIE M . AR B A s e A AT TR M o &5 SRR 32 BOE vy
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15900 HV, IXFfgZH HEA RA FIEE AL . S EAR RS oSN 5 1. 78 1200°C N4k 60 min
JaRe IR AR ZE I g se v . AL R A= KB Jy il 2k, R AW £ E H A1203 F1 Cr203 A
W, HEA RZEEABRRKEMAER, 25 TEE &M miEprEtt.
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