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Abstract

The basic characteristics of component fluctuations in forging batches were studied, and the effects
of component fluctuations on the thermodynamics and kinetics of carburizing 17CrNiMo6 steel
were investigated. Analysis shows that fluctuations in alloy composition within the standard
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composition range can lead to significant differences in carbon chemical potential u and Gibbs free
energy AG during the carburizing process. The lower the carbon and alloy element content, the
smaller the carbon chemical potential in austenite and the more negative the Gibbs free energy
value. The Ac1 line of austenitization increases with the increase of composition fluctuation content,
while the Acs line decreases with the increase of composition content. The diffusion barrier of car-
bon atoms in austenite increases with the increase of carbon and alloy element content and mainly
diffuses through vacancy and gap mechanisms. The temperature of organizational cooling transfor-
mation decreases with the increase of component fluctuation content, and its impact is minimal for
ferrite, moderate for martensite, and most significant for bainite. The carbon transfer coefficient
during carburizing is less affected by fluctuations in alloy composition, while the carbon atom dif-
fusion coefficient is inversely proportional to the composition content.
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1. 518

17CrNiMo6 4M{E 15 [E DIN 17210-1986 brEtE) ik & &2 AN B A R R LR & 1% 1kRe, 5
T GB/T 17107-1997 #5fEH () 17Cr2Ni2Mo X 5 VERESFE AL, EH#. il ZE TEEh sk 1)z
R SRT, AR E PR E A, FRAEHEFEM BLE TAM FORHEA TR EL Cry Niv Mo & &R NS
BRONVEHE, ARV D AR S8 . R I L2 om#. Bk, ¥ L
AR . AR BRHES, AR K B A BRI 5 1) RUKS BB RE A T2 AR T R,
A7l P K B ) A F B HE 38 0 2 B M YT DR HE R OB H bk o AT AN, SEm A T 2 FE A
T i i R B g 2 AN g 2 e, SRS E N A2 6 17CrNiMo6 AR A 238 ) 4iAK[1]-[3]. #ivid
BT ZARA[A-[7] A5 BhEUE 7 BT S8 75 [8]-[11] 55 77 MEAT T 22 T 5 H 08 I B T AMB IR R SR
T RTE IR A & B S A S it B2 Mg, JE R B Bk L 2 R 3 #8727 A R AR b
Wi A LRI o A SCHE I AR AESEFE ) 17CrNiIMO6 S5 E AR AT, IR BT I B B ik T 2 i v
WD R B S R, TR RS T RATAH N S %

2. ROIEZwit

fR4E DIN 17210-1986 #r#fEH 17CrNiMo6 #4kF /i B T 20 K095, 4 1 Fos, %5 0 Nbs
WERTEH, %5 1 IR S =R, W5 2 RN ES R8T, T 3 RFEE NH ST -
it T 1 iR,

Table 1. Classification of chemical composition of 17CrNiMo6 steel (wt%)
% 1. 17CrNiMo6 XL Ak 53 43 2 (wt%)

M5 c Si Mn S P Ni Cr Mo
ot 0.14~0.19  0.15~0.40  0.40~0.60 <0.035 <0.035 14~1.70  15~1.80  0.25~0.35
1# 0.14 0.15 0.40 0.010 0.015 1.40 1.50 0.25
21t 0.16 0.28 0.50 0.010 0.015 1.55 1.65 0.30
3t 0.19 0.40 0.60 0.010 0.015 1.70 1.80 0.35
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Figure 1. Carburizing process curve
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Figure 2. Schematic diagram of carburizing process
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AG =d, x(p -4 1)

X d, NIRRT Bl g S ONTRAE B AR SR AL R A 23
RIH13]. WAMIIRLA15 NRAT A1 T R BEE AT TR T Z e EM AP A4 i K1k
FHGIEE I A R A RIE T -

u =1’ +RTIna, )

P ) R T bR E RS, RONSRERL T ALXHREE, a NAGIEEE, Ha(Q)n 9B RRmIRE
BRARFNASRA AR 1l 530N
= pg +RTIna? 3)
4l = 4 +RTIng] @

FERRBR B o B A T R FEE R 17 SR BE  BRAR RIRE IR, 0 N5 8 < 0 3 AR NS B E X 5,
M AE[15] Bartosz lzowski [16]. #5545 A [17150 UE G 25 1 B IR s i B2 K 3 2 Bk JEE RO AH G B A

A n=(5) 2IA(8).
al =q- f. [%C] ®)
fo FORATEERHG [WCIABRIF R H q NETCRAEELREL o MM R R B
ABRRIE AW -
_L07x107 (4798.6] ©)
¢ 1-0.196C T
g =1+[%Si](0.15+0.33x[%Si]) - [% Mn]x0.0365 [ % Cr](0.13—-0.05x[ % Cr])
—~[% Ni]x(0.03+0.00365x % Ni]) [ % Mo] x (0.025—-0.01x[% Mo]) @
~[%Al]x(0.03—-0.02x[% Al]) - [% Cu]x(0.016 +0.0014[% Cu])
~[%V]x(0.22-0.01x[% V])
RIZHA L ZIE XN (8):
Cs =Cp —(Cp ~Cy)exp(5°t/D)-erf ( B4t/D) (8)

i Co MBS Cs TAFRMBR S & i R4, D B RIRAKh I R L.

R 1o B 1Ry KA RS IR T 2500w N LR FIA, 2R % 5 1 A 2155 3
BURE BB I 18] 2810 AR BAR P BB SR 1A 238, el Rtk 35 8 % B PR T sk i 1 e 2 345 B ) 38 i 2 4
3 . HE 3 AT, RIAREE A ) sl R P B AN R S R 2 i A P A AL 22 35 3l
BURE 10 R 24 R 3 b AR 3 — 2, BB R T IR P AL 208 3 SlkE >2 S >
158, R d o & Bl WA bbbl 7EBUE BRI TR Y 3 MlRE REE RIRE
SRBRY, BRSO R I 2R, A O R R B A e 2R3 ) A T IR

¥ BB B PR A H AR AR Co = 1.1 N A 3R AT 5 DR B 43 ik 3 38 B 1) 75 A1 B )
e AG Z57, FF&hlhZenlsl 4 Frow, W IR & £ & on 2 oy AN RIS BB AR AE S it A Al 1,
BE 2 B 3 A A it AE AG IFEZE R, AU ZER ST &8 RGN, RIDK
Lot e ey S AR 5 A 3 RE SRR A7

S
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Figure 3. Carbon content and carbonization potential in austenite
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Figure 4. Gibbs free energy
4. EHETEHEE

3.2 BREAFHIERETEE

S AFIBRR I R R N4 PR S P s R BV B, RAIE 5 A B PR 1 [ B AR R HE B it e s
B R B OGN K REIRIR B, BRI ORI/ BB J5 SRS A K e LR RSE, WMo
PR AR NS IR T2 R B R E B, ERR I B G R R, MRl SR B 4
2Bt B A mAs . Andrew [18]AARHFIGIE T AN FAALHE B R PRI AR AR A Z, ot Acy AT Acs IRE T
AR
A, =723-10.7Mn + 29.1Si +16.9Cr —16.9Ni + 290As + 6.38W 9)

A, =910 203+/C + 44.7Si —15.2Ni + 31.5M0 +104V +13.1W —30.0Mn (10)
+11.0Cr +20.0Cu — 700P — 400Al —120As — 400Ti

DOI: 10.12677/ms.2024.1411169 1558 FHER2


https://doi.org/10.12677/ms.2024.1411169

R

48

AEREE T AN A(9) (LO)RHAFE 1. 3 2. BOFE 3 3047 B IR AR AR IR S /0B, e 2 fivR. |
P 2 ] WLAERRE 2330 Bl A TR R 0% 8l 2 3 e B E A A ) s L P D 68 BRI, P (B = A sl (HRL RS
MR, BRI U5 A5 IR S Ac ZRBE R S R v, 1 BE FRAAR AL 45 BRIR P Acs 2R BE R4 25 1Y
TAFEAR -

Table 2. Austenitic transformation temperature/°C

2. BEREUWETEE/C

No Aci Acs
1# 724 821
2# 727 819
3# 730 815

4. RSB EN N F TR
4.1, WRIETFH ERHLH) B AR B R

a A R AR P AL B AR RREN, BBl R IE TN R AGE R S &R, #— PN —MIE
IERY BRI A — M E, AR BRI 1 5 BTs[19]. B 5w 1. 2 s s Bl L dl a4 i 2
i KIBOERE . WARRE, SZIRBERCIAEOR, BRIE 3 BUZ A AL G & R T EMAssh 20 . JER T
J TG 2 I BELRS  B AT FTs 2 10 2 1) 46 5 i 545 A8 e LR ZE B B ARAR ME AT+ FLBR S 1% B ARX Fes
Cr. Mo S e ED, KEEH &t 3B 7= AR A8 B A 1) ) 0K A A5 A8 3 L B IR e . 14 5 1 5,
6 FiaHEES ZINLHIE R PO I AR o S BRI AR = A, AN IE A /N AR IR S5 1 BE & &
PRI R . K 1B L2 3E 17CrNiMo-6 & & B IR LIS BRI 920°C + 10°C, =i
[ B ECAAR Y S 2 R B v [T K, B R DA [ BRATLAIA H B 75 BE /s H C IR FAHX T Fes
Cr & F KA SWIETFHIEAR/N, 351 KT 18] 18] B B 23 0 5
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Figure 5. Atomic diffusion mechanism in crystal
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Figure 6. Schematic diagram of carbon atom diffusion model
B 6. kR FH sRE RERE

WRHME 2 B AR IR SR T & 8, ERIEY B R ik s W BasmAgRe A —
Bl AR KA R & e R HEP EN IR SRS 82 e, & ERGE MR C T IN9 #L.
K 6 NBRIE T4 B AR B IR RARAE R T i C IR TH 8. ZaHRE. R adr Cansmid 2+
C T EZLIAAL. R #, & 6 Prsissod 12 C 13 BuEE A Ik 7 R AEA Sk Wit o
% Cr. Mo. Mn. Fe, JEBALYITEMOTER Ni Si BURBUCERSRAE C J5 73 BUlE MHL A RS, X
TH R AR X AES T o W 1 SR &G ETTERIK, C R T LT3 Cry Mo 95k
WY RoTER . B & EIe R MR FUCR BRI, ST 2 H B2 AR BN BERC Bl 2. 1k 3
PRRR I T Y OB T8 1B S5 P S22 1 ks > IR K

4.2. BRIERANET

BB ZE R BRI A R TP H AR L, Gorni A [204E CER BB AMIFAKE LT ) rhk
i SENEE = X NV PN SER S BUR L Y EPSARAY ks SN Rty U

T, =879.4—516.1x C —65.7 x Mn + 38 xSi + 274.7x P (11)

Ty = (1526 — 486 x C ~162x Mn —126 x Cr — 67 x Ni —149x Mo —32) /1.8 (12)
Tys = (930-600x C —60x Mn —20xSi —50x Cr —30x Ni - 20x Mo —32) /1.8 (13)
Tyoo = (Tys —387-32)/1.8 (14)

e 1rpulhe 1o Bl 20 5 3 SH A A SUITH RS R W% 3 P B 3 AL, A Al
BT AL AN AR B P AR O RE M, BEAKRERR S B e R & B i v BLIR ARG E TR I, 5240
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Table 3. Temperature of tissue transformation during cooling process/°C
3. AAPEPHELETIRE/C

No F B Ms 100%M
1# 790 578 369 154
2# 778 543 350 135
3# 761 506 328 113

4.3. RERHST WA
VB R Y AR M S AR LA 33 A T R AN BRI T 7E A R, Rk
ISR bR Ak R, Fom N SRR A IB B TR L A B, X 10 4 N [21] RAEBAIE T
F T ids ki R #RIA N 24 X 15 s
/3 =0.000185-1.99033x10™* exp[ —4.30399x (1.1~ Cs) | (15)
PR 1. R 20 1FE 3 RBBR & BN AL S0 N RECRIE(15), AL KRB0
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Figure 7. Carbon transfer coefficient

7. BIRIERY

Bt R AR R AR . R MR SIS, ASCET RSN
JRIN RG0SR BRSNS TC R X IBY HUR B R, HACABAUR A Lee 35 N [22] [23] 60454
H 9 BRI A A R
144.3-15.0C +0.37C* + 3 k,M

R T

D(T,M,C):(0.146—0.0360(1—1.075Cr)+2k1M)-exp( J (16)

b, TNRE, MAGETRFESE ki, kL AGETRSH(22], BUENTE 4 Prr, RIEH(16)
TR AL 2 Hh 2k 5] 8 Ffror .
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Table 4. Alloy element parameters of diffusion coefficient model

4 UHABIRENEGEETRZSH
M Mn Si Ni Cr Mo Al
k1 -0.0315 0.0509 —0.0085 0.0 0.3031 -0.0520
k2 —-4.3663 4.0507 -1.2407 7.7260 12.1266 —6.7886
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Figure 8. Diffusion coefficient
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