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Abstract

Gas carburizing is widely used in industrial production due to its advantages such as flexible pro-
cess control, uniform carburizing and low environmental pollution. This paper introduces the re-
search progress on the types, working principles and the influence of process parameters of gas
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carburizing on the microstructure and properties of the carburized layer. It focuses on discussing
the effects of different carburizing process parameters such as temperature, time, gas flow rate and
pressure on the microstructure and mechanical properties of the carburized layer, aiming to pro-
vide a more precise and efficient treatment solution for gas carburizing of steel materials.
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SO BTN LU 2 [ — s S VAL, B TR A B A, R, R
FEBANBTHERE, 1887 LHRZMRE EITUR— e Mk S SRR, M TR 7 5 1R i i B2 A1
M B, [ A AR AT B — 7 (R 5 B AN A i I I [2]-[4] o AR H BT A FIVE R B FPIRAS 8RB TR 73 N
SERIBER WARB A EABIR[5]-[7], HAR SRS mE A=, REn g, & TN AR Z
(BT R SABHLEIENRI &R R IR0 R TF B, A O EAMUAE T BT R L
ARG, BETXN LESHMREHETE8]. 4 H OGN IR m) 4 7= sE i 2 R, SR, I
). SRMBAERESE, LB B T mE 25 R SIS B AU BE 1A 2 R 42
&%, FASHMEIR BT RES K IR o X RS R B0 AT IE R IR T RS IR R 7
fift PR ) TR ZR M 9] [10].

A ARG R SR BREIRIS . TAE BB L T 2SBS0 R 440 % M RE R R 5L I0IR, B1E
NSRS B A 1) R AR RS2 3T I B RN 7 v

2. RS ERSRERESHSHK

SBRE — P R SRR, I8 R 2 85 75 S A SR R R, a5 T3 k3
MR, TER—EERIEmE, oS smnEE RS i 50E k1]

W ARSI B ES AV =430 CO SR ME Mg, & LR AR S
AR S BTN [12]-[14]. NGV, R LT ROV B R R — S A A <LK 1
[15].

ik

CH,OH — CO+2H, Q)

TGS B B NIB TR SAR EL AR W E CHa Al CaHg, e BENS S I RR IR 1 A AN 22 1 e N9 B
FIRE N 1:1 f) CHa A1 COy, SN RN 2 Fizn[16].

CH, +CO, —>2CO +H, o)
CO fE& BRI KA R, W= 3 Frs[17].
2CO — C+CO, 3)

FegtiB it A A 1Y) iR B S B I TR R T IS S RO R 2 2 36 Fli e i1 (X0 ' 2, AT T B AL P R 45

DOI: 10.12677/ms.2025.158175 1639 ey PR


https://doi.org/10.12677/ms.2025.158175
http://creativecommons.org/licenses/by/4.0/

Jei %

FEARIB IR [18] [19]. HBE Bl A i it B B BT, 1T 5 P 2 o 2 25k (R0 A VR 5 ) AR R B A S
et gl 2 AR S BN R IR Y. XSRS S Sk, DA 1R B0 A AN BE 1T BB i AT
W, AT RBCE 0 SN K Ik [20] [21]. PRIE, & A BB S S YUk, BB E &
S FEIRR I i, AR Gl R BT R [22] [23]. AMEEE ABIEFT T IRASONEU I I e S Bk L 2 A 4L
XPEEAB24], I T RSN EAUS B IR Uk B IR FE N T B N B RS AL S (L 1)

Figure 1. (@) The microstructure after methanol as the carrier gas and propane as the enriched gas, (b)
The microstructure after methanol and nitrogen as the carrier gas and propane as the enriched gas

1 (a) FEAHSARATUSERNEAL, (b) FERSAHSARAEXSEHNEAR

RIE BB B aTBeE Bk T2, SHEGS B0 L RAE AW R S0 Rk 78, R
U R IMAE G S AR E L 1[25], SRIGIESE T, FMAJE R BEIE AR B R IR &
H, VBBRSUARTE il AR R T R AR AR, BB ER A (S Ik 20) R i 4 R

C,H, »2C+H, (4)

IR TZEH 2. VL RIFEASRBERZE ENRE, BERERERE, SOLiF2as# it
T 2 BEUk Bk T 211 2 [26] 27157, Bkf s UR S 2B B L 2] RSB B A <k
(RIEIE LL SIS TR IR B ARIB B iR A B BRCR 5 AR G058 B T 20 B 5 2 REdAa b ok SR L. A%
SRRk B JAEE + Bk + R T ZMAS, Mk TEGEBmNEL. AR ARK=
KIS 1 L (U R DRI e USRI ) RV e A v, HILAER L, 3
TR A ERLs, B B PERESRTE.
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Figure 2. Pulse carburizing process
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BRI RS R R R R ) E S, BRI R SR E T R TSR R Ry ORI R
[4] [28]. & MRS B B W] MES IR R T/E S B N S8 8, TWREARREKE .. & BkiREE I,
W R T (09 BOE S, BEREA L, BRI BHRB SR [29]. ELbrdr =, TAEHIEH
PRI BB B3R = BB ACs fUBA L, MTIERCE B BT (8] N SRAFR R IR Z « RN BHEIX
PRF PR 5k Y Bl P, 7 B PR A X AT 5 i (T B 8 A, TR Ay B IR AA AR X 2 5k [30]- [32] o {HL B Bl B i 3
£ SEUR AR SRS AR, AR TR R I, S L s M R AN BE 1 . Zhang 25 A fF 5T
FWy, MBEEKARALIREE N 880°C FH E 950°CHY, 51CrVA4 XK P2 d bl R <P N E) 20 pm, BHGAAFET
K 45% F R3] 40%. FEEEE, JERGRAM 1390 MPa R4 1200 MPa [10]. PR MGTERR sl
NEEE ARG, DA g B IR R R, s mAA R R 1R e
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Figure 3. Hardness values of samples at different carburizing temperatures

3. TEEHRENHmEREE

Figure 4. The wear morphology of the specimens at different carburizing temperatures: (a) 600°C; (b) 950°C; (c) 1000°C
E 4. TREIEWEE TRAFERFIR: (a) 600C: (b) 950°C: (c) 1000°C

15 5Lk [33]F0 Mohamed Ali Ballem [341%F 78 T 2 Bl XS B 2 52, Bl B 0l 2 132 &, 7EAH
)R P R B 2 1) S B 1, LA 4 (0 T 5t B 2 380 o e T3 B R0 B R 7 IR B A T 9
X —1E fb S A AE N R T P R S R 4 o UL IS B Uk g B ST, PR AR, A 3G
HEMERIINRIEL . & 3 J&7r T 7E 900°C Al 1035°C Al FEAE AR AL, & 4 JR T ANIE IR BE i R 35 30
600°C F1 1000°C #5454 [RIF2FE IS5, 950°C fiif Bk fe i o DRI 75 BEAR A B AR & J@ AT RIS B EE R, 1%
BEAE B E . @ RETRIE G IIRE, 7T CASEIU B E R A LR %, T B AN ()
S

BRSNS Z IR . BRIRFERS B S A SR %0 T 2550, HAR FEBAE A R R
BB 70 5 i B (FE o 28 e ) AAR AR 2%, B IR BT, BrE B IR R R AR P I OR, R ITTR IR
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FEVIRVE T, (ERERR IR TAE SR ALY B, AR (SRR 2 S BE RGN, T B2 3ok v 5 5 B T Bk P2 2k
2, TERGERIROR . RRBRAC AR BB 22 (R U, BRI B AR VB B P

4. SEBEREXHE BRI
BRI R SRR L BRI T B RE, SO U L Fick SR A1 [15] [35]:

D& )

B A VB BRI A] (R 3 0, 5 - BRI FE 3G N, A FRIVB BT TR A5 3k S B IR N ™ BB A R A 3
NI T TR JE VB B2 - VBRI B] B34 D038 v] DU IS 0 2 ik FERA FE RS TE NP 2%, XA B T s
k)2 (3 S Ve AN AR € PE[30] [36]. 2R, K AIVR BRI [A] 2 BRI S bR Al P AR H 9 AR 0%, T R S8
BRI R, RIS ERARAR A GRS AR, AT R AR R AR R, L AR I O O

Chonggqing Di [371% AW AR BBEE BRI R 4 h 3G 2] 12 h, &RSEA 500 nm A2 4538 £ 10
pm, SEAUEERE M 104.1 BEANE] 322.5 HV, B IS IFRE S B 1 15 2 TARGF IR, (R K BB B
(12 h) 2 S BUSHKZ PRE A LR . AT 5 B0 BS 14 Bz 8 h A3 B B i BRI (L ] 5).

Figure 5. The surface morphology of the samples after scratch tests after different carburizing
times: (a) 4 hours, (b) 8 hours, (c) 12 hours
5. NEIMERETEE, H#RRRMREMRERIR: ()4 M, (b)8 /BT, ()12 /dF

FLRE VSRR AT LLTE 900~1050°C [l B2 3 9 5] N> BB ISR . T IRER &, B2 AR i ik
T B R 3% B 1= [38], A8 S AR N RRIE AT I3 Bk, TR T FARBR S S A i DL IR R AR £
WIE R, Rt s E AR DG, R BN, RS T ARIEARE, di% TS BRI RE
ZEf[A] . Lee-Der Liu {1 0.6 kPa [ Z 0S4k, A 950°C, RAMBIRIGEH 30 min, Bl AbFE E T3
I, BRAGHE FE AR B A4 AR BB N EB A TTIE DY/, TR T R SRR k4 o 1]
6 I, B I A2 B A DR AR E ) sl BV A W P 50 FE v, T 1B 2 [39]
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Figure 6. (A) to (E) respectively represent the microstructure of the carburized layer of
the samples obtained in 1 to 5 processing cycles
6. (A)RI(E)7 574 1 B 5 MR EHAR S mAVSIREMYER

T HATR[401BF 78 T A [F B[R] 20CrMnTi 4N 32 2SR R Bk B 5, 49 SR BN [R]85 2 1125 min B,
HTRIBIR R K, ERESUREZIRFERRNN T, RGP HENRL ¥ EREK % 2125
min i}, FRJEE T EEK, 11 1.3%%KE 0.8%, & B HREZLEAEE, REMEERL T2,
W1l 7. Haithem Boumediri [41]B 5K [A] AL BEXHE A 4 G FC AN AL R 24 MR RE B2, A L B SRS Bk 4.
6 o 8 /. ZERRE, DR NZ 140 HV #nE] 819 HV LA L, RZEEM 1166 um 18 n%| 1576

pm, KT 41%LL oAb, RIZTHHRE RN T 450%0LL I, 5% 0.94 wt%.

m

Figure 7. Microstructure of 20CrMnTi steel after quenching and tempering after vacuum low-pressure
carburizing with different diffusion times: (a)~(c) 1125 min; (d)~(f) 2125 min; (b), (e) surface; (c), (f) core
E 7. NEH AT A EERE S 20CrMnTi W2 A + [ElXERI R AL : (2)~(c) 1125 min; (d)~(f)
2125 min; (b), (&) TXE; (0), (f) LER

LR EPNR, RS T2 — Mt R A R IR BOR,  JE L SE RIS I (8] o] A7 R IS ik
JRIERE, BRI TAF R A B RE . SR, 1% LA B EORRRIE: BEHE BRI 8]
MIFFEERER, BRI BN o 2 R U Wz . 5 S BRI 57 0 A S i A AR ST i, e
FERGESER PRI . SEERIE R IR, AR TRBHRAIE T, w22 B 2Z ik
JEALZAT MRS, X A2 2 B PR AR E T 7 AR AN R
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FEEZ T, REETEREAR R B &AM . Bk, BESHEMRA LHER T TARTA
el REME, B AR AL T EARM SR, LU, RS RE (0 Bk v O L, e
VAR, A R TR E 1R R AR ISR o X LI A5 B S AR R I (R VB R S A T (A 2125 min), 4TS
REORFFRRACID I3 51 S A RRAE . R 22 A FE A0 AT, AR B 9B B I BB SA00 B 0 T 2%, IXFhRE %
A E RS BT R AT $E.

5. SFEHRSRENNEER M

SRR SR £ B LA B RO R R B ) o A o IR I AR T DU A o 3R R 1 AT gy
AEM BRI, IR S NBHRE . SR, I @ SRR AT AE 2 5 80T R 7EAM R R T 1R B A Y
&), PEARRRBUEEINEIRE . RIRERK/NTBIRER R WA —E 0, & 200 E T AHE Bk
G AR 2R B S I R TR, A B T3 a2 13 SO SR R [42] [43]. i @SR E T BE
S EEARRIY BOER T, S RIB R LR AR 51

Huizhen Wang #HT 7 5 2R RS oR =y AR5, Wl 8 FioR, L1 CoHp it~ 8 Limin, L2
1) CoHz it &4 10 L/min [44], BT L2 ) CoH iiiE K, HBEERBE LR, SR CoH & &R, R
BIACRAR R . R L2 1 L3 BRIK FE 5041, 1B5kE 717 3kPa I L2 [fik & B iE & T8k )
N 4kPa 1) L3, HEAlE%TT 20CrMo A1 20CrMnTi. Rk, KB IRIE S B IRACR T . RIS, R EHK
AT LAk R B, PR IB BRI S PE . TEGRAIEAEIREE T RTEE T, 1B 8E I N PR
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Figure 8. The carbon concentration distribution of 20CrMo steel under different process conditions
8. 20CrMo AR LZ &M THGRE 57

P.Rokicki B 7L | ZBRISIRHE B2 E R, F0 50 50 L, 250 L/h, 750 L/h B3LE I 2R
AR FE AT, BIaH LN 9 FoR[45], AT LA AL B AR o A7 £ — AN MBS AN T BE A s 4L
2l FHEE P ECR TGOS AT SR A A B IR R e, R TG R 250 L 1A
SED0 I e IR £ d T8

Figure 9. Structure of the carburized layer at the gear tip (2) 50 L/h (b) 250 L/h (c) 750 L/h
9. HRIBHREELA: (a) 50 L/h; (b) 250 L/h; (c) 750 L/h
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Figure 10. The amount of carburizing gas used in the process of constant and variable mixture flow rates
E 10, [EEMATREAMRENIREPERANSHSHE

LrRERNE, ERABHITZH, BOlE NGNS R AL S PE SR ] 2 A goE EAE R -
PGB IR L 2R AE S U, Sl I ATy B 4E R A U MR- i L 25T
R R EA LR, &S EE) ARG, BUE TR IR LT IO E RN RBIR): &
<, ApiEE, ARSI AN ATE S, A TAFERE R AR BT

52, AR BB R AR R bkt AR, 38 A 4 ) B R B, R RO A R )
T Hy R (P AR AN S TSI I ) SE OIS B R . 2 T E T, Bk il A R S ES R
JERIRBETRANBIBEVHEER I vy (R B3I B U 2 5| e R W A o R R, 33 175 A SRR BR AL ) S5 4 £
Bk, TG ABIHIE RS RSB L2, # B8 SR i B8 B A A, i el T2
SRIRNE RSN ) L RE RS AE T, RAMGEGEAE R AR, R 5 RB Rk
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6. SEEHRERXEER M

BRI R B RIS R E 1 R ST R . I 5E BT DA A i e 2R SR S S A TE 4
JEBRI, THRIISNIEHE. S8, SRR Re 2 REm T RINY BUE R L, Bk)EE RS EL
AN EI[4T] [48] & 1R 5 ] LS BhHERR VS B R o = 2 0 SR RS Gy, 3 S i 2 I 3508 1 A3 &)
P B R SR AT DL IS o T 2 (R AR AT, B i OB 2R [49]. SR, I R R T AR S EUR
oy 2 [ R AR I, P AR A B R BB

Wang H [49])7£ 12 15 /1435y 100 Pa. 200 Pa. 300 Pa ISR 43 ) A 930°C . 950°C . 980°C [
LR BIEFE T B0 RN Bl 0k 2R T Tk 368 2 (1 52 T o Sl F i B 0] i S B PRI, #2577 12Cr2Ni4
BRI E EZSVB B  cm SEA A . 0] 11 BoR, 7R3k 77 100~300 Pa, &M E 2y 930°C~980°C iyt [H Py,
B3] 7 ORFENS IS SRS R T T R HOE R . BRI A R ROE R AN K, BRI
78 Ak 3ot 2 T Bl B K. fEVBTRIE 19 100 Pa. 200 Pa 1 300 Pa I, kil & 568/ R k.
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Figure 11. The accessory of the mass per unit surface area of the sample increasing over time: (a) Holding pressure: 100 Pa;
(b) Holding pressure: 200 Pa; (c) Holding pressure: 300 Pa
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Figure 12. Effect of carburizing pressure on (a) mass increment; (b) average carbon flux; and (c) segmented average carbon
flux of 16Cr3NiWMoVNbDE steel at 950°C
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2% b TR LA O AR P B SRR AR A XN T S 0k L 2O E AR, HA O Tl
SR At A ) s S s A PR R T, DT S 35 52 M Bl AR I R 2 0 AT R B AE AR T R B 30
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