Journal of Advances in Physical Chemistry B4k 22 3ERE, 2018, 7(1), 19-27 Hans iXJth
Published Online February 2018 in Hans. http://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2018.71003

Investigation on the Properties of Fe-36Ni
Alloy and Its Microwave Devices by
Powder Metallurgy and Cold-Heading
Process

Limin Fang!2, Liejun Liz, Kelun Zhao23*

1Department of Physics and Information Engineering, Guangdong University of Education, Guangzhou Guangdong
*School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou Guangdong
3Zhuhai ROSSINI Watch Industry LTD., Zhuhai Guangdong

Email: ‘msklzhao@scut.edu.cn, ‘klzhao1975@163.com

Received: Jan. 23", 2018; accepted: Feb. 17", 2018; published: Feb. 24™, 2018

Abstract

In this study, the microwave devices were prepared by the cold heading process of Fe-36Ni alloy
obtained from the pressing molding of the pre-alloying powder after sintering and annealing. The
micromorphology and components of the pre-alloying powder, phases and microstructure, ther-
modynamic properties of Fe-36Ni alloy and temperature drift index of its microwave devices were
analyzed. The results indicated that the composition of Fe-36Ni alloy powder is homogeneous by
pre-alloying. It is revealed that both the Fe-36Ni alloy and its cold heading samples are single aus-
tenite phase. The thermal expansion coefficients of the cold heading Fe-36Ni alloy are less than 3.0
x 10-¢/K at 50°C~150°C. The temperature drift index of the microwave resonator manufactured by
cold heading process of Fe-36Ni alloy, and the assembled cavity filter are consistent with the technical
requirements of microwave resonant components and cavity filters for communication base station.
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1. 5I8

T VS TR 2% R BB R AT) Al AR 8 I 28 2 il I S R S B 8 1 2 — o I BL A & (IR FR R AN) )8 T
I BB (Fe-Ni) &4, FEH 432, 4336 Fl 4042 —Fikis, O M TRAERE. BANLE. 11H
Pl BAEEA . MISHURSESIR IS Zeash, BIaneh RIEFF KI5 WIRERMA . MEE RS
B L AR IR DL AR SR R A 285 . o, 4036 BV Fe-36Ni &4 HAA AR I Ak R E(-1.0 x
107°/K), fH3EBE A FE A [1] [2], DR BE B MR R 30O L 4% o B 1 v 1 e Fe-36Ni R4 4 o 24
BT 70 3 R [3]-[10]. Fe-36Ni & 4l i K M B vA & [6] [7] [8] [9] [10], (RAFFEER G MEE, %
T A SV KRN SE ST IR o o oK Y 4 A B T o O R B b /0 6 & O3 I SRR T R R . AN 38 50 1)
R L11] [12] [13] [14]. 1HAZ, HEESNEESESGS. BT I THE” , FSmpsn Ty
EAOM BRI - ZAC oA s, HFHETEER. MEHER R & m e, AT SIS % o s F 1 TR E
PERCRE e, TR TTAE D) 75 2 0 J8 DR B0 & 4 B RO B A IR UAS . il s Bk . BT, &)@ in T
TZ, WPtk AEEBEEE YR BRm#HA, A ARSI [15] [16] [17] [18]. F i,
SR A AR A TR ) R R Be st - GBS Fe-36Ni &4, B4V BUIN T ALFEHI SR IAK & &
BB, FHAHT T Fe-36Ni A IATE S 5S> . Fe-36Ni & &kl S50 45 My Fl & 4 P 1 24 e Rg S Hoak
WA A B AT FE AR

2. SEhy
2.1, Bl&EAE

ARG b R IS i SR e e 4l - 1B KIS Fe-36Ni & i, A2 B0in T AL B H15K 7
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KA G T VS TR A S A B P s A B e A, LRIl 8 T2 2k an 1] 1 po . Horr, Tilh 44k Fe-36Ni
Bk RSB et 1B K BRI T2 H0N: K% 36%Ni-64%Fe it b i R RHE H AR 16
P S EA . BAFANT, FHESMES, YESPNERAELR 107 Palt, TAGER, K5
T E 5] 102 Pa LA LG, JFUAKE1L 36%Ni-64%Fe &4 78 10° Pa 4l <20 W AE AR,

RINZik s AEIOoRL SE AR IO/ 5 708l Jak 2 IRCAGRAIEEE8E O 350 Tl 46 55 AR (0 B Ak o4
N2 bR B R AL 2 5 A AT s A5 B 78 0 M A 8 22 1650°C I (6 1 L P F 5 - Bl A rEL A 2R A T
&), WEANEEBREANTREHGEKEN. K, G840 Fe-36Ni #3 AR K S HIZKE 7124 25 MPa;
AR 36%Ni-64%Fe & & TE F AL 2 WA DI UIWT . 78 240000 AN, BZ MK BT 43
R ERID R . R . 5. AT 313 36%Ni-64%Fe [HERIN G4k . 1A, KEAEI& G4
ARG S TSR 1) Bt FE7E 358 0 T8 52, R NTE 60°C T AR 6 /M. 2)
R M Bk B B SR bR R R SFAE 100~300 H 2 7], 3) 76 i@ b FAA A SRS R, 1000C
~1100°C FARHE 2 /NI BAFE i S K FAL KI5 1) Fe-Ni &48), JF785r 2Bk C. O S5 EH LI Fe-Ni &4
P R BTG R . 4) BMUMIE/E S8 R BRI T, B 5 Z2XRAHEMAERR, 5 1-2
Wt%lKITE AR RV & 8 /B, EREHEE N 10:1. 5) REFR/K ALK AR, RIFRIAE 100~300 H 264 kA, n
AN 2 W HITENE R, BREE 8 /NI LASRIFRURL K /NS A1 oK . 6) BRES JG IRy R B ANBEE H, 7E 1000 MPa
JE/RIE 30 A0 R, JEHIAA, FEHIHLAOREA A 100 M, RS A S B AR 92%~93% 2 ). 7) &4tk
MR 5B KN T Z2SH0N: Bg5EE RN 1400°C, THEEZR N 5°CIar%r, Begiitalh 2 /M RASAS
IR JRASGR, 1B KR Yy 1050°C~1250°C, 1B KBS [E 5 /i . 8) AR IEIRAS G HRE ETRAT) fe &
P RO AN ) 0 OB A B R, 2 & i I R e R BN & 28, REHRAN ERE
SN, RBEIRENEIRIT RS RT TR & S AT UR, Bek. B, BUB. Blf. B2, FiR.

PIid, SREAB(E 1 ATR), SEBCYIEISCD DTSR n T, BIRTSEI i p Al 7 Sls o s ket
MR 285 W B T 7 50 2H 25 R 7 (0 s R DB 2

2.2. RIERZE

K ULTRA 55 % 4kd7, % 5 A5 (SEM, 15 [E Zeiss) 7 B RE b IO 30 (& o A A e 48 2 74 n
TAEMMA A EDS 5. FH DIMax-2500PC 7Y X 528 AT 55 40 BT A FAE A 4 1 RE AR AL A 25
4 K 1 HXD-1000TM/LCD 784 %5 =7 X S Aufehif P -0 ot 1740 38 T Al 52, - 7 0 s RS B P 2 A 1.96 N
AT AR FFI A 15's, ST HVO0.2 Sk ek 55 8 (e Y 6 AN A F i H ST 39 18) . SR Leica-J11 275 RENE
AN 5 A SRR ORI M R o s PR IEDR 2200 “URTEE” FR PR 2448 W4 AT G AT I &

3. B/ER5WiL
3.1 AEHEMEANRLEH

2 4 Fe-36Ni & &R IO 3H SEM 8 F- Al EDS B2 70 4. MR 2(a) T WL, Fe-36Ni &4k
PR IEERTE , H I T 50N B B O, O AR A2 B KATIA 5.0 umeo AL 2(b) T 1A 4 14
W Fe AT Ni fI5 240 4 64.29 Wt%Fll 35.71 wi%, HAEHAE C. SO E4F&y, WHFA &k
Fe-36Ni & b R 1 73115

345 T A R ) AT S et - AR KIS Fe-36Ni & ek My A BN T /5 B 19 XRD Kl .
3 AL, Fe-36Ni & & FEM XRD T4 B v = BH HAMTEIE, X FLAMATH IR XRD 454E PDF
Ji N0.47-1405 H [ = AMTST IS AW, UL A R Hil R G bedd - IR K Fe-36Ni & &b S LA Bl
TERE ¥ s — M BLRARAE[ 7] [8] [9]-
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Figure 1. Schematics of microwave devices obtained from Fe-36Ni alloy
bars by sintering, annealing and cold heading
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Figure 2. The micromorphology and EDS component analysis of Fe-36Ni alloy powd-
ers. (a) SEM picture; (b) EDS results
2. Fe-36Ni & &¥HAMMA A EDS A SH. (2) SEM BH; (b) EDS &R
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Figure 3. The XRD spectrum of Fe-36Ni alloys. (a) Alloy bars by sintering and annealing after powder pressing molding; (b)
The samples from above alloy bars after cold heading

& 3. Fe-36Ni &€ H) XRD Elik. (a) MMAEFIRBEERE - RAFISEEEM; (b) SEHEMSBMIENHFR

4 95 TR A T s R S e - B KIS Fe-36Ni & 4Bt M H e VAN T SRR B i S A 4L 2R R
o B A(a)mT %, M H il il B 5 Be gl - 1B K1 Fe-36Ni & 4 S AN KNI 5] TEAR AL
W) BB R SR &, TR DR IIR KR . R K i 1) H B R R B G AARAH 1) 2 S e B AR
B4 I AR rp b T AR A5 5 TR 5 E0HT R T H IO HE R 2 B BT B, BDPE — S SR ORL Y TR RO
RV A7 [19] [20]. @i 4(b)FiaR, SidABUIN TAFS, Fe-36Ni &4 i B R ik R~ B35 k),
I HAEE KEMFIRDE 5. Fe-Ni ZJua8 KRBV G R 515 K B IRk 5 IRIEAHAE[21] [22] [23] [24].
SR, Wil 3(b) s, AEUN T ERE ST Y A B IR 2. [Rlitk, RAEA BN TfRes - 1Bk
Fe-36Ni &4 i IR EAR G, (HIFBRA KA B IR AR — B IR AHAE

5 45 H TR AR S ) TR et - B KIS Fe-36Ni A G bd S 2 VA BIOIN T 5 ARk I R S A
¥ SEM M8 o MIEI 5(a)mT W, #o A il s J B2 - 1B K A5 2 Fe-36Ni A 4 2H 2L Ay B9 [ AR 45 2
PAR At i k2R i s S(b) s, AN T ALY Fe-36Ni & 4 it B G A& ok B T 9 2 I 4ifb I %R
FFRERE A 2R ZR SR 2 5 38 2 B AR HES . IR, 43 il I4S Fe-36Ni A 41 WA il BE {2 128HV0.2 F
151HV0.2, X LA TG Fe-36Ni A &R MM TRt . X2 A& B0 L= A 128 fd i S 80
Whn. gtk ik, MTIPHRS 72452380 1@ T & MR IRRE .

32. ASRAEMKSEH1EEE

6 25 TR R A R R et - B KIS Fe-36Ni & 420N T 5 B 5 i FAEZ K i 28 K FL 3
MK RBCBANE DL M 6 AT, FE 50°C~150"CuFEIX A, Ay &kl & (KR BL & 40 b A 25 as
P F BRI U R A IS TR ) PR DR B 2 4 PR it P B SR (SRR R BT 3 x 107%K). b4k, EF 6 1 40°C
~50°C DX [A] Y B T A K 22 250110 9748 (xof 9 Pl e (R e O € s 28), 32 T A 2 00 o B PO R v 8
Bl [FIET, GRFABUNT. Fe-36Ni & 4 il & MM R A% HEAT U B A “IRIE” WK, 45Kk
LA TR A “HRIE” FEhRoN 0.22~0.28 MHz, FEAH 2 B i IR 88 1 10 AR 2R (F L4
9 2800~3500 MHz,  “ii%” fH 459 0.20~0.30 MHz) .

B 7 45 T Fe 6 S 0B IR 2% S8 Uk 28 RN A 1 1l B R J5 Be st - B K19 Fe-36Ni & & 474
IO T AR T IR A B 2R e (R I AR A SR R b I 8 SR R 1 BR AR R T A 2 A AR AR FE) . A JE
6 AT, HI T Fe-36Ni & i i et RS it /T H] Fe FE G BB RE:, BIAHX TH 1 Fe He &4
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Figure 4. The metallographic structure of Fe-36Ni alloys. (a) Alloy bars by sintering and annealing after
powder pressing molding; (b) The samples from above alloy bar after cold heading
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IR

Figure 5. The SEM microstructure of Fe-36Ni alloys. (a) Alloy bars by sintering and annealing after
powder pressing molding; (b) The samples from above alloy bar after cold heading
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Figure 6. Thermal expansion cures and the change of thermal expansion coefficients for the cold heading

samples of Fe-36Ni alloys by sintering and annealing after powder pressing molding

6. MHMAEHIA GRS - BAFIIS Fe-36Ni & & L48UIN Tt MY AR BKfhZ K A I BK R 3

THER

DOI: 10.12677/japc.2018.71003 24 LY PR A= Svi


https://doi.org/10.12677/japc.2018.71003

(@ (b) (c)

Figure 7. The pictures of microwave resonators and filters used in (a) common Fe based alloys, (b) and (c) cold heading of
Fe-36Ni alloys by sintering and annealing after powder pressing molding
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Figure 8. “Temperature drift” test curves of the cavity filter as shown in Figure 6(c) assembled by Fe-36Ni al-
loy microwave resonators in cold heading process

8. WML Fe-36Ni & & RUKIEHRATLE A ISR R (B 6(0)FTR)B “IRFR" Mikihzk

T IS PR 2R LT WIMAX2.6GHz s A3 2% (] 7(a) FTw) » VAU T Fe-36Ni & St il Ik 5% B 41 285 1
WIMAX2.6GHz A8 2% (] 7(0) R 7(C) o) F R R 25 44 B Ry S 125 , W A2 Alipl #8 AF /N LA I e v R

Bl 8 ks I il R 2 f e &5 - AR KIS Fe-36Ni & 4 20 A BI0IN T sl 1 HR 25 2H 25 98 25 (14 6(c) FT7R)
(TR EE I X B 28 (O B2 WIMAX2.6GHz [ JE 87F 25°C~85°CHI S 4 ih£k). M 8 ml%n, MNEKAT 5
(P 2% i 28 R A EE B, I LV M DR I A8 10 38 A AT 2 TE AN [R] 1 UL R AR R R A R IR RS = N
0.27~0.35 MHz, 584 /& I ARl HY I AR DRI 3 U BoRFE R (T 0 J3i% Jy 2800~3500 MHz,  “if¥EE” 4
F74 0.20~0.40 MHz).

4, &5ig
ST i 4 A 1 P 21 P TR0 JE e s — B K Fe-36NIi 2 4 M b FEE 2604 IO T Ab B b1 A A i i
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