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Abstract

Vacuum melting technology was used to prepare Fe based shape memory alloy with addition of
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Boron or non-Boron. Scanning electron microscope (SEM), energy dispersive spectrometer (EDS)
and X-ray diffraction (XRD) were used to study the microstructure and composition of the Fe
based alloy. The effect of boron to the micro-hardness, shape recovery percentage and Hydrogen
Sulfide corrosion properties of the obtained alloy were also analyzed. The results show that the
produced Fe based shape memory alloy had good shape recovery ability. In addition, the shape
recovery effect of the alloys decreased with compress deformation increasing, gradually. The ad-
dition of Boron can promote microstructure refinement and the precipitation of Cr23C¢. Comparing
with the alloy without Boron, the micro-hardness of alloy with addition of Boron increased 12.4%
and exhibited a better shape recovery percentage, developing a more stable shape memory ability
at larger deformation condition. The dense oxide film would form on the surface of the alloy with
adding Boron, which could effectively decrease the corrosion rate by Hydrogen Sulfide.
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1. 5|8

TEARILAZ & 42(Shape Memory Alloy, SMA) BA 5 — & B BIA R 1 2 A 3R v, i REF TR
RACAZ N B FPERON  5 J5 RN BB AFAE . PUIRE o7 RS M RE S, M 2 g HEm SR 4
YT A TESUE[1]. Fe BRICIZ A ST AR 5 VIHIF )5 PERE R AT S0 550 452 (5
WM R EATE R, BAT RS HATR] [2]. H2 KRR, B4 Fe ZERARICIZE AL ME .
i KA J R S B ARACAZ S AR R B, IR ZAR 2%~3%, HAEF &M T, &5/ A B ik
LG, M™HEGIZT Fe BIRRICIZ G EIRHARHE, AT IREEEFIRICZHN, EHNIZEEMT
KEMHEFCTAE3] [4] [5]. BEACRALE G HACEE U - PUBIEPR I 2R 5 1R 00 Fe 35
RAICNZ A S IOEEH, LUK B3 m T RACAZ R H ([6] [7] [8] [9]. & &M/ Bl /& it Fe J %
Wiclzaa M EETFR, Mn A BEMNFEEROCE, nrim B I AHSTB AR 6 11, R
AN TR & By B TE P B o AT Y T, A5 RS0 I 715 R 5 B B Al i M [ 107 [11].Si AT 440 B A R ST,
PR N 1155 R By IR ARAR B m i, [ B g /N B PR 5 ) (R AR ST 2 [R) A AR AR A A T IRI BE 22, 503
HEMACIZAN[12] [13]0 Cr G BEAK Tn Al Ms 51, (RN 1B ¢ 5 IRIARA:, RN & S50E,
AR TR AR R AR B RS, Sz &S MBI E #[14] [15]. Ni fedem y rRuErE, FIK Ms 5,
fif y—e FEARANFET AT, {H Ni Al A 8CE & S PERE[16]. C W25 Cr 1 Nb JERUTEA,
ST A BEFH AL 5 AR ZEZURE I [17] [18] [19] [20]. k4R, Co. Al BAKH TG Re F1 Ta S AT
#t Fe B ARICZ &S ERERIHERI[21] [22] [23]. AaHAIN B nl 25 A 1b sk, [FEAA 24BH 1 B A B2
BRI G RN T, RS S SR 1A ERE[8] [9]. BhAN, BIBREA RPHRS Ar 18 A8 = Rk Atk
MYEBILIRE ST, AR TR EE SR RE I E T RRRICIZ 8], Kk, B AI{E NG & &)
B TR MR Fe FEARINZ A H, AR T8 B HRE LA 8D o DRI, AR SOR A B0 I IR R ol 4
TN B AN B ERIE IR ICAZ A4, it &4 BB A1 4 rE T BB T 7T T & SO 2R
fiE, I REVE AR X S RATHAC T T H s FabT AL, FHEDEFL B X & & RIERICAZRE T FIE
TP RE IR R o

DOI: 10.12677/ms.2020.1011101 844 PR R


https://doi.org/10.12677/ms.2020.1011101
http://creativecommons.org/licenses/by/4.0/

SR

2. SSIMNREE
2.1. SEIGAAR

SE6 A4 DL TR Z126(99.9 wt%) . 4B %(99.9 wt%) 4B H5(99.9 wt%) LA KT (99.9 wt%) s N JFRH(H
RERT R AL TR 34k, 78 ZGIL-0.01-50-4 B2 IR RA G h AT IS A beE, 3304 &84 .
BEEegeid 1423 K x 15 h M35 5 0R K CLTE BRI I R = AR I ey N3850, SRJETE 1373 KT #VBak
®15 mm IR, FAE 923 K x 2 h FHETENIJRAK,  55aF VI RE o ReAS [F] RTS8t
Ffo ARSCEAT TEIN B ARG B FEARICIZ A4, BE R R InE 1 R,

Table 1. Alloy component designation (mass fraction, %)

#= 1. BERMEIHTTREDH, %)

2 By Mn Si Cr Ni B Fe
G4 A 14.2 4.1 8.5 42 0
&4 B 14.2 4.1 8.5 42 1.0

2.2. SEWFE

2.2.1. WML RESHH
F I ISM-5900LV A4 $74ifi B 7 B iU (SEM) X LR B ) e i A (EDS)X & & BT o 45 F M 82 f e &R
T B S PR F B (10 g) + H,0, (20 ml) + HF (ml) + H,O (ml); #JA] D/Max-R B ! X B 2847

FHUXRD)HEATHIAH 34T
222, BESH

SEAGFIH MVK-HI 2500 1H 5087 T Fe JETARICIZ A S W B EE, SEI6 K 718 100 gf, INEE
B4 10 s,

2.2.3. BIZH BRI

FIFH R ENR L3041 % & &M E R, 2 GB/T288-202 (& @R EIRFAT IR J7E) #H1T
5, BAARWTR: 1) BEESMTREEN h MBS 2) S8 A K ENREgM &5, F
EEFEET, WEBRESENEEN by 3) 75 600°C FAAS K G I & &3 478 kAR, fRIE A
30 min, T4, MR KEEENEEN by Hit, GE&MEER . HEE p il RRN:

gzh"h;h‘xlOO% (1)

0

n:}’z—:hlxloo% )

0 1

2.2.4. [ REIK

SCEGAE SR m R TN TR Fe BRRARICIZ & S PURLEE TYERE, S s R SR SR 1
3.5%IH) NaCl ¥ kAT, SO AR G S HERR S 2 T 2R, SRS HoS AU, SEBeiiE 50°C,
JE#RH9 5 MPa, JE&UE 1 48 he
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3. LGRS
3.1. BffALR
FIF RS EDS) N & 4347 T R 8T, HItR g Rinsk 2 PLEE 1 Fis.

Table 2. The element analysis results of the obtained alloy with different addition of Boron (mass fraction, %)

#*2. TR BAMEBAESHAESNER(RES, %)

W2y Mn Si Cr Ni B C Fe
B4 A 14.15 3.81 8.32 4.05 0.01 0.12 65.86
44 B 13.68 4.13 8.11 3.88 0.61 0.04 66.32

0%
1 2 3 4 5 6 7 8 9
WiRFE2492 cts JKiAR:11.481 (13cts) KeV

Figure 1. The EDS graph of the obtained alloy with different addition of Boron
& 1. 7R B /RmMEAEH EDS EiE

M7 2 IR, PR Fe 55 @ RRAHIE, &&F B TRNE&EAAAL €L, HEDS X B, C
RICR I BUBRE LA BRI, BIA SO B RS BT BAR AL

ANIE B NG Fe 3k & e R MR Baidk - HUBUC B G I ROR S5 an B 2 Fro . &l 2 AL
B, ARSI Fe RICIL G @46 RIF, B LEIRRSIE, HE e hRiRBaig D
BEAFESKAGH. JARN B I, Fe #a&HBOM/N. 245, HA SRS IR,
MIBLEE I B A FEDRAIE T & RIFI e RE . TN B TR G, SR04 5140/, 58 — M rI%
RN 2 HLA/NR AR IR AT RS S SR N 204, AR SR R BT R B RO R K

A X AT O & AT M, XRD 45 R U1K 3 Fron. t1l& 3 /L Fe AAARACIZ &4
TER B y M o' RKKIK, S0 B JCR)E, & CrsCo il AWIFRY, A& &
H a5 A B TR M B AR R L, AN T B AT 7728, R IRICIZ & & SRS IZ AL
JSE[6]o &% —AH CrysCe FIHHIZI AT 1L RE N J0 355 50 1 IR 3R PRV I, (R BE T B 22 1A DX 330K ) A AR ) 2
NFER LR, P BRI, AT S RANERA, 35 aerfRRICIZ 8080 24]. Bk, W&
MHRR TS, 70 B SR A HER Fe BILRICIL & & RARICIZEE
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Figure 2. The microstructure of the obtained alloy with different addition of Boron. (a) 0%; (b) 1.0%
2. N B RMEESHHAFIR. (a) 0%; (b)1.0%
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Figure 3. The XRD graphs of the obtained alloy with different addition of Boron
E 3. T[E B RMEAEH XRD Eli

3.2. J1FEE
3.2.1. EEALR

FIF AR RE TR 9T T8I0 B JCEXT Fe ZEARICIZ A & MRERERIsEmT, HERwmE 4 s, B 4
ALAL, ISR B 1) Fe B2TARICZ & 4 1935 A FE 43 714 285.1 HVO.1 F1 320.4 HVO.1, KIH#R
TN B G HFARICAZ A & H AR FEHE iR T 12.4%. XM T B AT4ib&44 4, (ks M, &7
B &R
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Figure 4. Micro-hardness of the obtained alloy with different addition of Boron
4. TE BARMEBA SN ENAERE

3.2.2. B2

TEARICAZ RN A TR B o fi Wi 2 R0 B L EE (PR R, DR LR AT 900 P [ S R K s (VAN T R A2 &
EIRICIZEE ST B T AR &) T, AR B WINERM Fe BBRICIZAEMEER, Ha R A
5 fm. HE S %, BB ENN, Fe EHARICIZE &M EIE REHR/N . LA EN 2%, R
B 1% B && MR RN 67.0%F 71.5%, FIARSLIIRG IR A G BA RIFIITERICIZEL.
I B JERIE R F IR T 6.7%.. 9BTLEN 10%5, A& B Al B A& RIEE 25558 34.0%F1 41.4%,
HEMREIE RS, BN B JERIERFEWEK T 21.8%. —J51H B il4ifk 5444, Rmb4aiE
B, H—J7H B AIMEZERRAGYIATH, BT H I A AT R HAS A B R P A AR AR BB AR T, S A A
TEARICIZRESI[8] [24]. PRIk, W00 B nl W45 Fe BRICAZ G &R E %, HEEERE RGN B X E
Widlz&E R R MERE ML, ERRREE NMUE T R A6 A E e e 2 2.
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Figure 5. The shape recovery ability of the obtained alloy with different addition of Boron under the different compress de-

formation
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Figure 6. The mass loss rate of the obtained alloy with different addition of Boron

6. T[E BRAMEAEHRERAR

Figure 7. Corrosion morphology of the obtained alloy with different addition of Boron. (a) 0%; (b) 1.0%
7. NE BRMEBGEHRMFIR. (2) 0%; (b) 1.0%

4. &ip

SR BSR4 T Fe JMBARIAIZ A4, WHIE TN B XA S H R SRR, 25 R

1) S5 Fe FEARICIZEMEE, THEHE. J68HRN B G, G&HA8859/0N, A
BRI CrysCe HTH, B &0 BRI ER S T 12.4%.

2) BEERITEERIIGI, SE&MEERBERED: SRR ES N 2% 10%5, & B #EIERI21Z
GBI RN S T 6.7%H 21.8%.

3) EBERIERIER Y, & B &S 0RE AT T RS EUE FEAE, PRI & S — D, PR
o e, AR T A S PUR hEEE .

HEEmE
VY148 K2R G G I 2t 1(S202011116092);  B#HS Tl 2B AR R I H (2019ZR018).
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