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Abstract. This study investigates the effect of ferrosilicon (FeSi) concentration (10%, 15%, 20%, and 25%)
on the microstructure and properties of borosiliconized layers formed on GB 12Mn, AISI H13, and GB S50C
steels. The pack boriding process was conducted at 950°C for 4 hours. The corrosion resistance, high-
temperature oxidation resistance, and microhardness of the treated samples were systematically evaluated
through immersion tests in 10% H2SOa4 solution for 96 h, oxidation tests at 800 °C for 8 h, and microhardness
measurements. The results show that as the FeSi concentration increases from 10% to 25%, the mass loss due
to corrosion increases significantly for all three steels. GB 12Mn exhibits the best corrosion resistance (mass
loss of 0.87%—1.41%), followed by GB S50C, while AISI H13 shows the highest mass loss (14.63%—
42.87%). In high-temperature oxidation tests, all samples exhibit mass loss rates below 0.04%, indicating
that borosiliconizing effectively enhances the oxidation resistance of the steels. Microhardness analysis
reveals that FeSi concentration significantly affects the hardness characteristics: GB 12Mn achieves the
highest surface hardness (1427 HV) and deepest hardened layer (approx. 130pm) at 10% FeSi; GB S50C
exhibits optimal comprehensive performance at 15% FeSi, with a surface hardness of 1641 HV and a layer
depth of approximately 150pum; AISI H13 shows a continuous increase in surface hardness with increasing
FeSi concentration, reaching 1455 HV at 25% FeSi, but the hardened layer is relatively thin and exhibits non-
uniform hardness distribution. Considering corrosion resistance, oxidation resistance, and hardness
properties, 10% FeSi is recommended for GB 12Mn, 15% FeSi for GB S50C, and higher FeSi concentrations
for AISI H13 depending on specific application requirements.
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WE: AWIRIFER T AFEREEEZ (FeSi) (10%, 15%, 20%, 25%) MANEEILE EH L SRR, %
GB 12Mn, AISI H13 fil GB S50C =Fh4M#47E 950°C T AT RIS ALEE 4 /NS, 38 1 e
(10% HaSO4 ¥R UYL 96h), =il EALIRES: (800°C %4k 8h) B G FE MK, RELIPAL T FeSi & Xt
BRI, ER A B R S . 5 R B FeSi IRFEM 10% BEINE 25%, =
FhANA 8 ol BT P 2 2638 38 E T, b GB 12Min &2 e/ (0.87%~1.41%), AISI H13 K
(14.63%~42.87%), GB S50C J& ™. i E AL, Fra ol FE B &4k R8T 0.04%, RS
T 5 E R THARM e I B A S 158 B 20 M7 27, FeSi VA FEE AR 1 520 {2 25 - GB 12Mn 7£ 10% FeSi
ISR 75 e e 3 R (1427 HV) MIRIREE (4 130pum); GB S50C 7E 15% FeSi 4 & PERERAL, £ 2
T FEIE 1641 HV, B ZIREZ) 150um; AISI H13 3R /20 5 B FeSi 34 fF4k_FFt, 25% Wik 1455 HV,
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(B35 25 B s R . 256 5 REn ol B LR LR, GB 12Mn %R 10% FeSi T2,
GB S50C #E#£ 15% FeSi, AIST H13 R AR f I 7 SR 64 5 FeSi i
BRI WAL, il mR BUEE A A
1808
AT, S EMRHRE A I ERe T 2N H T 50, SR &
MES TR TR, 2R, R R AR R M gE et 1wk, JoH
TR M, TS T ke e E Pt &AL T R r R [1;2]. I, {EERRE T Z
A b B R EMERE VA TF-EL, HASME A @A R 5 AR R avh 8L,
AIAEM IR EEERE ) 30-200um FIRLE B HlE (FeB/Fe,B MUAHLEHY), i E 1%
BEFE T2 1300-2000 HV, R SeEREM S & REEPTT [3:4].
U erE sk, S HAlon R I 2 BB INRAT, LABE AR F K, 06
WS, MRS, e LB 4, oT Dot — DR i B 1, I #AME, i b P 5% [5-8).
AN T 3 A 2 LS, TRAUAS IR FE ) FeSi b AN [FI K580 (1 P RE #2 M.
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—, SR HY

AR TER IR RIRIEATRE R, (FeSi) TERAIS s
ﬁﬂﬂﬁ$£$, YE]L GB 12MII, AISI H13 & 50 %%W (GB Table 1. Experimental plan

S50C) = RN MERERT RN, EASIIG FZE 3% 1. @ Fesi| Ml | @HRS | Ha&S

GB 12Mn | 1,13,25

B GTE, N R E SO R ERE DL ETR (EEHIE  10% | 90% | GBSS0C | 2,14.26

SEE S AISTHI3 | 3,15.27
{Z@E@*Eﬂ’zﬁ %H; GB 12Mn | 4,16,28
RIS TS 15% | 85% | GB S50C | 5,17,29
RN AISIHI3 | 6,18,30

(1) BHIAEHE GB 12Mn | 7.1931

TSR ARBTSIE, AR FeSi KA. 20% | 8% [GBSSIC | 32032

AISTHI3 | 9,21,33

W Fe 0 2R A, AR EBFIE S 2 R aET% GB 12Mn | 102234
Y /SI0E F AR R . 25% | 75% | GB S50C | 11,2335

AISTHI3 |12,24,36

(2) SEERFEA

e 12Mn, H13 K& 50 S 8X/ENSEER LA, 12Mn AL 22 B0 8 0.069%C,
0.569%Si, 1.400%Mn, 0.121%Cr, 0.012%S, 0.010%P. H13 {227 HN: 0.365%C,
0.812%Si, 0.459%Mn, 5.139%Cr, 0.012%S, 0.018%P. 50 5 4 1k % B 7 :
0.503%C, 0.226%Si, 0.768%Mn, 0.121%Cr, 0.012%S, 0.010%P. 7£ L5 /T, NARIF
SEIG S5 B HERAYE, 4 800 H IR AR ¥ i R I BEAT ARG A0 BE, DL Rk 23R
[H] 2% i AR AL 2, B ARSI A2 R 34T

3) B LE

AT HIRE SR E T SNOL SR A, I Termodat 16-E3 PID #EHi#s, NEA
SRR TEN 950°C, HHOREF 4 /INETRYTER IS (8], DLER TSI A2 A 78 23 137 sk
SeEEfE, MR MRS & R R, FEZE SR H RS A, N HRA TR E.

=, MERENNR,
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(—) T phi a6

BTN IATR S HYRE S ARIE ) 10% HIRREE (H,SO4) IR TP HE 1 TS it
5o, OB R 96 /N A RIS, ANV EUH R, S SRR IE 215
A ARV EE B2k, DA P A mm T g T P .

(Z) EiRFEILIR L

FERE SN R AT ER A ARES, TN 800°C Fr4l 8 /NI, AR H
FEAE SRS N IR G DL, RS R G, AR I, RS A
AHL SRR R R EIRE, O ER R E G S N E R, AR
BRRRIE AR AR, B 22 SRR AR B A ALY, FERAT SRS B R i R T S R
i ) B B, S EE AR, AT PR R b ) R T AL T RE.

(=) IRERERE IR,

PR AR AT U, Bk, B AR 5, SR A P i B g i %
BB AR A HV-1000 ZU G A, iR 208 B T 1) 34T 2 Al
. MERBAT N 100 55, FREET DA 5 72, HigERMA, LA 20 UK A A FFIZ S
D5, AT SRS A it #8 TT _ F el B B A

i EIRSEIG IR, A A R EE R FeSi fEAFANAF L dE 73 ab 2R
Ja WIYEREAR AL, AR I S B B FH FR A0 22 B (1 22 K .

3GER55H
FH3E 2 FI A, 24 FeSi Mk A 10% B, 12Mn £, H13 4XF1 50 5895 i 15T
Bk 251 0.87%, 4.17% 1 14.63%. [ FeSi ¥y ARUSE K380, =N
FhRE S I R BRI IGE3A. 2Y FeSi WMyRIRIE N 25% I, 3 MNMRFIFE
F) J5 B A 2 R BTA B KAl 20 IR 1.41%, 12.42% A1 42.87%. 5iFEE 3 MW 5
RIS, %2 FeSi My ARIKE T, 12Mn B0EEF BB 25D, 50 SHRER R &
Rk R B — R, H13 BAE ) i B0k R EEOK.
F 2. TR B it B4

Table 2. Corrosion test results of different schemes

FeSi | HA& | BUER @ | BUEEE@Q | BB 9 | ERRDTH (%)
1 16.153 16.013 0.140 0.87
10% 2 16.278 15.599 0.679 4.17
3 16.010 13.668 2.342 14.63
4 17.916 17.673 0.243 1.36
15% 5 16.427 15.033 1.394 8.49
6 17.474 14.120 3.354 19.19
7 15.815 15.243 0.572 3.62
20% 8 15.483 13.395 2.088 13.49
9 15.470 9.047 6.423 41.52
10 16.106 15.879 0.227 1.41
25% 11 16.350 14.320 2.030 12.42
12 16.063 9.176 6.887 42.87

M 3 i, EEmiEERE, 12Mn, H13 1 50 S490FE R B4 H
I FEARAE, 7E 0.006%—0.035% Y B . B m] 20, Wi ys n] DU Lo 40 b4 3R 45
B i e e
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2 3. TR FrE F AR 55 R

Table 3. High temperature oxidation test results for different schemes

FeSi | #& | HEEEE (e | FEEEE @ | EEBRD @ | EERPEN (%)
13 16.931 16.925 0.006 0.035
10% 14 15.641 15.635 0.006 0.038
15 17.049 17.047 0.002 0.012
16 16.532 16.530 0.002 0.012
15% 17 16.030 16.027 0.003 0.019
18 16.648 16.645 0.003 0.018
19 15.931 15.928 0.003 0.019
20% 20 15.975 15.971 0.004 0.025
21 18.221 18.219 0.002 0.011
22 16.718 16.717 0.001 0.006
25% 23 16.321 16.317 0.004 0.025
24 16.482 16.479 0.003 0.018

X = RPN AT 2 AN [F] FC LU V2 7 AL 2R 5 AR RE v T 2R 4T 1 S I A, 45
RANE 1 phos. BB I, FeSi W EEN R R L B R IR FERAT B 50, HAS
[l EAAA 2 D S AN R A AR AL .

(a) GB 12Mn (b) GB 50C (c) AISI H13
Fig. 1. Hardness of Surface

¥ GB 12Mn W (& 1a), 24 FeSi WE N 10%If, 2210 F & &, 153
1427 HV, BJZIR L))y 130 pm (BEE 2 168 HV). FiE FeSi ikEHINE 15%,
20% F1 25%, R JZHE RS A P8, 7054 1231 HV, 1400 HV A1 1337 HV, {(HiB)Z
IR EEIZ /N 24 90 pm. IX R KGN GB 12Mn 7EEUK FeSi W T Al 3R 1548
JE R REAL 2, T3 S FeSi mT e sol B+ 1y 8k, SB0S ZE.

GB S50C & (K 1b) 1E 15% FeSi BRI H fe It 7 F0E e, R 2002 &
15 1641 HV, B EIREZ) 150 pm (BEFZFE S 216 HV). 24 FeSi #kEA 10%, 20%
A1 25% I, FEREEES> 504 1323 HV, 1607 HV F1 1453 HV, B EIRE D58
150 pm, 110 pm A1 90 pm. 7] W, 15% FeSi & 1Z4NFh 3145 bl B AR 538 2 1 e
HERCEL, AT RS TP RN 7R IE B RE TS T N T BB AL ) )2 k.

AISTHI13 W (K 1c) IRZMEERE FeSi ik M RFS L, M 10% B i
1004 HV JH % 25% I () 1455 HV, (B2 23 R, BIFE 90~110 pm EE A, H
T 155 3 A AN 3550, #E 20% FeSi I 528 A B 54 (|l FH I 4 (90 pum &b 367 HV,
110 um 4t 603 HV). IX A EIHE T HI13 W & & =1 Cr, Mo S &8 IL R LB
TG R S5, BEAN BAE A, SEURIRALRE 24k, 2m T3 E R8I RIRRE .
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2R FRTIR, FeSi ¥ BEXT = FHEMAF i A BERE M 52 2% 57 GB 12Min 711l FeSi
W R AR T 513 218, GB S50C 7£ 15% FeSi & MERe AL,
AISI H13 54275 FeSi KA REIRTS =R EM R, (Hi2 R HIg SR, st
B 8 FH Hh 7 AR AN A R A R B A E B IRC LL.

4 554
1. FeSi W XS =AANAT BT J5 DR e 2 i35 . BEAS FeSi MK EE M 10% 14 1
£ 25%, =FHRFAE 10% HSOs T AYJE Pt Bk R 2 EThEass. Hrf
GB 12Mn 1) i J&5 ol M BE B £ (0% H R 0.87%~1.41%), AISI HI13 i %
(14.63%~42.87%), GB S50C f&EH. IX K I EHREN GB 12Mn 5 i& B R HIEI S
LT .
2. MRS AL A = RN AL 2R AS 0 R ) iR P A PERE . A 800°C fAlfk
8h &, AT A IR 1 T B R KT 0.04%, HoH GB 12Mn 7 25% FeSi 3-8
e (REE 0.006%). FeSi ¥ X il 71 AU 1 RE A 2 AH XL/
3. FeSi WK XS A8 FERFIERZ M 2.2, HASRIAAT 5 30 R R A
(—) GB 12Mn 1E 10% FeSi I 315 5 R 2 FE (1427 HV) M 232 (4
130 um);
(=) GB S50C f£ 15% FeSi B Zx & PERER L, FRIZMELIL 1641 HV, BJZIE
FEZ) 150 pm;
(=) AISI H13 R ZMEEEFE FeSi B M#r4L EF, 25% BFiE 1455 HY, HEB 2
LSSl MERAIIEEN B
4. LR 75 SR B Tk, P e AP E AT B R 1, HERE L 2SN GB
12Mn E R 10% FeSi, GB S50C H KM 15% FeSi, AISIH13 R AR#E (i A 7 K ik
B i FeSi R E (20%~25%) L3RS ik R il .
5. A BT — 2 MR IR VA A B O 5 1), IR NF5 7~ FeSi i FE X}
2 2TV BRI B A BE S M0 FR N AE BB
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