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Tém tit

Bai bado nay trinh bay khdo sat thuc nghiém cong
nghé ché tao hop kim tir mém hé Ni-Fe-Mo trong
16 ndu chay cam iing chan khéng. Thong qua qud
trinh tinh todn phéi liéu, ndu chay va rét khuén,
nhém téc gia da ché tao dwoc hop kim tir mém Ni-
15Fe-4Mo cé thanh phan twong dwong mdc hop
kim tir mém permalloy 79HM theo tiéu chudn Nga.
Nhiét dg nau chay va rét dic doi véi hop kim nay
la 1540°C-1560°C. T6 chirc té vi ciia hop kim &
trang thdi diic mang déc diém thién tich nhdnh
cdy. Sau 1 dong nhdt & nhiét do khoang 1200°C
Véi thoi gian giik nhiét 4h, t6 chirc té vi ciia hop
kim tré nén dong nhat, cdi thién dwoc nhanh cay.
Cdc két qua nay la co sé cho cdc nghién ciru tiép
theo nham xdc dinh cdc tinh chdt ciia hop kim tir
mém permalloy 79HM iimg dung trong kj thudt.
Tir khéa: Hop kim tir mém Ni-15Fe-4Mo, hop kim
tur I:I’lén’{ perma{loy 79HM, nhiét dé’ duc, u dong
nhat, to chuc té vi, do cung, tinh chat ti.
Abstract

In this paper, technology for manufacturing soft
magnetic alloy of the Ni-Fe-Mo system in the
vacuum induction furnace (VIF) was studied.
Through the process of calculating ingredient of
materials, then melting and pouring into the mold,
the authors have manufactured a Ni-15Fe-4Mo
alloy with a composition equivalent to the 79HM
permalloy soft magnetic alloy according to
Russian standards. The melting and pouring
temperature for this alloy is in the range from
1540°C to 1560°C. In the cast state, the
microstructural features exhibit typical dendrites.
After homogenization annealing at a temperature
of about 1200°C for a holding time of 4 hours, the

alloy has non-dendritic structure. These results

are the basis for further research to determine the
properties of 79HM permalloy soft magnetic alloy
for engineering applications.

Keywords: Ni-15Fe-4Mo soft magnetic alloy,
79HM permalloy soft magnetic alloy, cast

temperature, homogenization annealing,
microstructure, hardness, magnetic properties.

1. Pit van dé

Permalloy 1a tén goi chung cia cac hop kim cua
niken va sét, c6 thanh phan hop thirc 1 NiFe,—, véi
gia trj x thay doi tir 20% dén 85%, dugc phat minh
vao ndm 1914 bdi nha vat ly Gustav Elmen tai Phong
thi nghiém BDién thoai Bell (Bell Telephone
Laboratories, Hoa Ky) [1]. Permalloy dugc déc trung
boi tinh thim tir rat cao, nén dugc sit dung lam vat li¢u
15i tir trong thiét bi dién va dién tir, cling nhu trong
viéc che chén tir tinh dé chan tir truong [2, 3].

Hop kim tir mém permalloy 79HM theo tiéu chuin
Nga 1a hop kim trén co s& hé Ni-Fe-Mo. Hop kim ¢6
thé dugc ché tao bang nhiéu phuong phap khac nhau
nhu luyén kim bot, hop kim hoa co hoc, ép phun, nau
chay bﬁng laser ¢ chon loc hodc niu chay trong cac
16 dién chan khong [4-10].

Cho dén nay, hop kim permalloy 79HM van dugc
nghién ctru rong réi trén thé gidi, tuy nhién, trong diéu
kién Viét Nam, van chua c6 céac nghién cuu dugc cong
b6 rong rai vé hop kim nay. Bai bao nay tién hanh
nghién ctru khao sat tinh toan phdi liéu, ndu luyén va
i dong nhét hop kim permalloy 79HM, va trén co s&
d6 so b khao sat mot sb tinh chat cta hop kim. Cac
két qua thu dugc 1a co so khing dinh kha ning ché tao
hop kim nay & diéu kién trong nudc va phuc vu cac
huéng nghién ctru tiép theo trong tuong lai.

2. Thwe nghiém

Qua trinh nghién ciru ché tao hop kim dugc thyuc
hién nhu sau: 1) Tinh toan phdi liéu theo thanh phan hop
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Chuan bi nguyén lidu:
Ni, Fe, Mo, Mn, Si, loai
b6 dau m& va siy kho

Phéi liéu theo thanh phin

A 4

hop kim 79HM cén niu
luyén

Xép liéu vao ndi ndu, dit
noi vao buodng 10, bom
chan khong, nap khi bao vé

Gia nhiét, diéu chinh dong
dé nau chay liéu trong noi
nau

Nghiéng ndi, rét kim loai

16ng vao khudn kim loai da [«

chuan bj sin

Xép liéu vao ndi ndu, dat
ndi vao budng khudy déu
kim loai 16ng trong ndi ndu
dé ddng déu thanh phan
10, bom chan khong, nap
khi bao vé

Nang nhiét d6 1én dén .
khoang 1530°C -1570°C dé
kim loai tan hét

Hinh 1. So dé qud trinh néu luyén hop kim tic mém 79HM

kim tir mém permalloy 79HM, sau do tién hanh niu
luyén va duc thoi trong khuén kim loai va 2) Trén co s&
hop kim diic thu dugc, tién hanh nghién ctru xir Iy i dong
nhét va xac dinh mot s6 tinh chat cua hop kim nay.

Hop kim dugc niu luyén tir cac kim loai ¢6 d6 sach
cao nhu: Ni 99,94%; Fe 99,95%; Mo 99,95%; Si
99,93% va Mn 99,97%.

Qua trinh ché tao hop kim dwogc tién hanh nhu
trong so d6 Hinh 1.

Ché d6 nau luyén hop kim cu thé nhu sau:

- Céc kim loai da tinh todn phéi liéu duoc xép vao
trong ndi ALO;3, sau d6 dat ndi Al,O3 vao trong ndi
graphit va sau cing dat toan bo 2 ndi dd ghép vao
trong ndi SiO,. Pua toan bd hé ndi ndu vao dung vi tri
trong budng 16, dong ctra budng 10 va tién hanh bom
chan khong. Khi do chan khong dat 6x1073Pa thi tat
bom chén khéng va nap khi argon (Ar) bao vé, 4p suét
duy tri trong budng 16 khoang -0,03Pa dén -0,02Pa.

- Bat ngudn dién va tién hanh gia nhiét ndu chay
kim loai bang cach diéu chinh thong s6 dong dién. Gia
trj dong dién ban dau khi bit dau gia nhiét 1a 3,8A,
tiép tuc didu chinh dong dién tang dan v6i mirc diéu
chinh 0,5A trong khoang thoi gian 5 phut. Khi dong
dién dat gia tri khoang 7,2A-7,5A bét dau bat ché do
do nhiét do béng nhiét ké héng ngoai.

- Khi cac kim loai co ban da tan chay hét trong
khoang nhiét do 1540°C-1560°C, dung que khudy dé
khudy déu hop kim long trong ndi ndu. Giir nhiét thém
khoang 10 phut, sau d6 dung co céu quay rot kim loai
long vao khuon dong (dwoc lam mét bang nudc) da
dat sdn ngay dudi miéng ndi rot dé duc thanh thoi.

Tiép theo sau qua trinh néu luyén va dac thoi, hop
kim duoc cét ra dé tién hanh u ddng nhét. Thiét bi nau
luyén 14 16 nau chay ciam ung chan khong VIF-2
(Trung Qudc) nhu trong Hinh 2. Thiét bi i ddng nhét
la 10 Chamber furnace N 61/H ctia hang Nabertherm
v6i thiét bi hiit chan khéng va bom khi argon trong
sudt qua trinh G nhur trong Hinh 3.
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Hinh 2. Két ciu 16 néu chdy cim trng chén khong
VIF-2 (Trung Quéc)

Hinh 3. Lo Chamber furnace N 61/H
(hdang Nabertherm)

Hinh 4. May do dé cirng Vickers Wilson Wolpert
(Trung Quﬁ'c)
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Bing 1. Thanh phin héa hoc hop kim tic mém 79HM (FOCT 10994-74)
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Mic hgp Thanh phin héa hoc, % (Khéi lugng)
kim C Si Mn S P Ni Mo Al Cu Ti Fe
79HM 0,03 | 0,30-0,50 | 0,6-1,1 | 0,02 | 0,02 | 78,5-80,0 | 3,8-4,1 | 0,15 | 0,20 | 0,15 | Con lai
Bing 2. Bing tinh todn phoi liéu cho mé niu 500g
Nguyén t6 Si Mn Ni Mo Fe Téng
Khi lwgng tinh todn, g 2,00 4,25 396,33 19,76 71,77 500,11
Bing 3. Thanh phin héa hoc ciia hop kim thic nghiém
Thanh phin héa hoce, % (Khbi lugng)
Si Mn P S Cr Mo Ni Cu Fe
0,34 0,62 0,003 0,002 0,04 3,90 79,2 0,01 15,93

Hinh 5. Kinh hién vi quang hoc Axio Imager
A2M (Hang Carl Zeiss)

| [

Hinh 6. Tir ké mdu rung VSM US/7407, Lake Shore
Cryotronics, My

Do cing ciia mau hop kim duoc xac dinh trén may
do @6 cimg Vickers Wilson Wolpert (Trung Quéc,
Hinh 4). T4 chirc té vi dugc soi chup trén kinh hién vi
quang hoc Axio Imager A2M (Hang Carl Zeiss, Hinh
5). Tinh chét tir dwoc x4c dinh théng qua thiét bi do tir
ké mau rung VSM US/7407, Lake Shore Cryotronics,
M7 tai Truong Dai hoc Quéc gia Chungnam (Han
Qudc) (Hinh 6).

3. Két qua va théo luan
3.1. Khdo sdt thanh phin héa hoc
Thanh phan héa hoc ctia hop kim tir mém 79HM

dugc cho trong Bang 1. Két qua tinh toan phdi liéu
v6i cac kim loai Ni, Fe, Mo, Si va Mn nguyén chét
cho mé nau 500g dugc cho trong Bang 2. Theo tham
khao cac tai liéu di dwgc cong bd, cac hop kim
permalloy tuong duong mac hop kim 79HM c6 nhiét
d6 rot duc khoang 1550°C. Do vay, nhiét do rot duc
dugc lya chon 1a 1540°C-1560°C. Thanh phan héa
hoc hgp kim thuc nghiém thu dugc sau nau luyén xac
dinh bang phuong phap quang pho phat xa duoc cho
trong Bang 3.

C6 thé thay, so véi hop kim tiéu chuén trong Bang
1, hop kim thyc nghiém (Bang 3) c6 thanh phan tuong
g v6i mac hop kim tir mém permalloy 79HM theo
tiéu chuén Nga (TOCT 10994-74).

3.2. Phén tich EDX

Phén tich EDX dugc sir dung dé mo ta thanh phan
nguyén t ciia hop kim thir nghiém. Anh EDX cua hop
kim thyc nghiém & trang thai G dong nhat duoc cho
trén Hinh 7. Thanh phan cac nguyén té chinh 1a Ni
(78,38%), Fe (14,47%), Mo (5,57%), Mn (0,63%) cho
thdy day chinh 1a thanh phan hoa hoc ciia hop kim tiéu
chuan permalloy 79HM.

3.3. Khao sdt to chire té vi

T chtee té vi cua hop kim & trang thai dac dugc
cho trén Hinh 8. C6 thé thay, ¢ trang thai duc, hop
kim c6 to chtrc té vi mang dic diém thién tich nhanh
ciy dién hinh v&i d¢ ctng trung binh dat 200HV5.

Theo mot sb tai liéu d duoc cong bd, nhiét do o
dong nhat thuong chon trong khoang 1100°C-
1250°C [11-15]. Trong cong trinh niy, nham phuc vu
khao sat G dong nhat d6i voi hop kim tir mém
permalloy 79HM ché tao dugc, nhiét do u déng nhét
duoc lua chon 1a 1200°C. T chtre té vi ciia cac miu
dugc 1 theo cac thoi gian khac nhau dugc cho trén
cac hinh tir Hinh 9 dén Hinh 13.
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Element | Weight % | Atomic %
Mo | 063 0.68
Fe | 1447 1542
| 7938 8047 |
5.52 3.43

Total | 10000 100.00

Hinh 7. Anh EDX ciia hop kim thic nghiém
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Hinh 8. Té chirc té vi ciia hop kim 79HM & trang théi
duc, x100

Hinh 10. Té chikc 18 vi ciia hop kim 79HM sau i
¢ 1200°C trong 2h, x100

Hinh 12. Té chikc té vi ciia hop kim 79HM sau ii
¢ 1200°C trong 4h, x100
V6i thoi gian G ngén (Hinh 9), t6 chirc té vi ciia
méu gan nhu it thay di, ddc trung nhanh cay van réat
1o rét. Khi tang thoi gian 1, dac diém thién tich nhanh
cdy dién hinh giam dan va mat han khi thoi gian u 1a
4h (Hinh 12) v6i do clmg dat trung binh 187HVS5. Tiép
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Hinh 9. Té chikc té vi ciia hop kim 79HM sau i
¢ 1200°C trong 1h, x100
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Hinh 11. Té chikc té vi ciia hop kim 79HM sau ii
¢ 1200°C trong 3h, x100
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Hinh 13. Té chikc té vi ciia hop kim 79HM sau i
¢ 1200°C trong 5h, x100

tuc tang thoi gian i dong nhat, kich thudc hat cang tre
nén tho to hon (Hinh 13).

3.4. Khdo sat tinh chit tiv

Dudng cong tir tré clia cac mau hop kim sau dic
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Hinh 15. Puwing cong tiv tré ciia méu hop kim 79HM
sau 1i ¢ 1200°C trong 4h

Bdng 4. Cdc théng so tir ciia mau diic va mau 1 dong nhat

Trang thai mau

Tur d§ bao hoa, emu/g

Luc khang twr, A/m

Miu sau duc 68,32 184
Méu sau i ddng nhét 70,25 120
va sau i dong nhét dugc xac dinh bang phuong phap  TAI LIEU THAM KHAO

tir ké mau rung (VSM) dugc cho trong Hinh 14, Hinh
15 va Bang 4. 6] trang thai duc, tir 6 bao hoa va luc
khang tir cia hop kim dat gia tri lan luot la
68,32emu/g va 184A/m (Hinh 14). Sau i ddng nhét &
1200°C trong 4h, tir d§ bao hoa va luc khang tir cla
hop kim thay déi dat 70,25emu/g va 120A/m, twong
ung (Hinh 15).

4. Két luan

Trén co s& nghién ctru thyc nghiém, nhom tac gia
da ché tao duoc mac hop kim tir mém Ni-15Fe-4Mo
tuong tmg hop kim permalloy 79HM theo tiéu chuén
Nga v6i mot s dic trung sau:

- Nhiét d6 nu chay va rét diic hgp kim nam trong
khoang 1540°C-1560°C v6i d cung sau duc khoang
200HVS.

- Nhiét d6 & dong nhét thoi duc khoang 1200°C,
thoi gian gilt nhiét 4h va lam ngudi theo 10 voi d6 cliing
sau i dong nhat khoang 187HVS5.

- T 0 bao hoa va luc khang tur cua hop kim sau
duc dat 68,32emu/g va 184A/m va sauu df”)ng nhét dat
70,25emu/g va 120A/m.

Cac két qua nay 1a co s& cho cac nghién ciru tiép
theo trong khao sat cac yéu td anh huong dén tinh chét
ctia hop kim permalloy 79HM tng dung trong k¥ thuat.

Loi cam on

Cong trinh nay dugc hd tro boi Quy hd trg NCKH
cua Hoc vién K¥ thuat Quan sy theo ma $6 2021.Q.02
(Quyét dinh s6 2243/QD-HV ky ngay 6/11/2021).

[1] G.W. Elmen, H. D. Arnold (1923). Permalloy, A
New Magnetic Material of Very High Permeability.
Bell System Tech. J. USA: American Tel. & Tel.
Vol.2 (3), pp.101-111.

https://doi.org/10.1002/j.1538-7305.1923.tb03595 .x.

[2] David C (1998). Jiles. Introduction to Magnetism
and Magnetic Materials. CRC Press, 2nd edition,
570 pages, p.354. ISBN 978-0-412-79860-3.

[3] Sun, Z., Reisner, M., Fierlinger, P., Schnabel, A.,
Stuiber, S., Li, L (2016). Dynamic modeling of the
behavior of permalloy for magnetic shielding.
Journal of Applied Physics, Vol.119(19), 193902.

https://doi.org/10.1063/1.4949516.

[4] Denisa Oleksakova, Peter Kollar, Jan Fuzer (2017).

Structure and magnetic properties of powdered and

compacted FeNi alloys. Journal of Electrical

Engineering, Vol. 68, No.2, 163-166.
https://doi.org/10.1515/jee-2017-0024.

[5] Vahdati Parastoo, Ghasemi Ali, Sharifi Ehsan
Mohammad (2018). Magnetic and mechanical
properties of cold-rolled permalloy. Journal of
Magnetism and Magnetic Materials, Vol.468,
pp.155-163.

https://doi.org/10.1016/j.jmmm.2018.07.088.

[6] Ma Jidong, Qin Mingli, Zhang Lin, Zhang Ruijie,
Tian Lusha, Zhang Xiaofeng, Li Xingquan, Qu

SO 81 (01-2025)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Xuanhui, Khan Dil Faraz (2013). Magnetic
properties of Fe-50%Ni alloy fabricated by metal
injection molding. Materials & Design, Vol.51,
pp-1018-1022.
https://doi.org/10.1016/j.matdes.2013.05.017.
[7] 1. Chicinas, V. Pop, O. Isnard (2004). Synthesis of
the supermalloy powders by mechanical alloying.
J. Mater. Sci. 39, pp.5305-5309.
https://doi.org/10.1023/B:JIMSC.0000039234.58490.78.
[8] N. C. Ghosha, H. N. Das, M. A. Gafur, A. K. M.
Akther Hossain (2014). Formation and magnetic
properties of nanocrystalline 78.5 permalloy by
10th
Conference on Mechanical Engineering, ICME
2013, Procedia Engineering 90, pp.136-139.
https://doi:10.1016/j.proeng.2014.11.826.
[9] S.D. Kaloshkin, V.V. Tcherdyntsev, I.A. Tomilin,
Yu.V. Baldokhin, E.V. Shelekhov (2001). Phase
transformations in Fe-Ni system at mechanical

mechanical  alloying. International

alloying and consequent annealing of elemental
powder mixtures. Physica B, Vol.299, pp.236-241.
https://doi.org/10.1016/S0921-4526(01)00473-2.

[10] Florin Popa, Ionel Chicinag, Olivier Isnard,
Viorel Pop (2012). Heat-treatment influence on
Ni-Fe-Cu-Mo nanocrystalline alloy obtained by
mechanical alloying. Journal of Thermal Analysis
and Calorimetry, Vol.110(1), pp.295-299.

https://doi.org/10.1007/s10973-012-2289-3.

[11] Armand A. Lykens (1962). Cooling Rate Effect
on Initial Permeability of 4-79 Molybdenum
Permalloy. Journal of Applied Physics, Vol.33,
No.3, pp.1232-1233.

https://dx.doi.org/10.1063/1.1728673

KHOA HOC - CONG NGHE

[12] LI Xiaoming, BAI Taotao, CUI Yaru, YANG
Wentao, CHENG Xuegui (2015), WANG Kegong.
Factors Affecting Magnetic Property of High
Nickel Soft Magnetic Alloy. Hot Working
Technology. Vol.44. No.2, pp.32-36.

https://link.oversea.cnki.net/doi/10.14158/j.cnki.100
1-3814.2015.02.009.

[13] Bo Li, Wangqi Fu, Haisheng Xu, Bo Qian,
Fuzhen Xuan (2020). Additively manufactured Ni-
15Fe-5Mo Permalloy via selective laser melting
and subsequent annealing for magnetic-shielding
structures: Process, microstructural and sofi-
magnetic characteristics. Journal of Magnetism
and Magnetic Materials, Vol.494, p.165754.

https://doi.org/10.1016/j.jmmm.2019.165754.

[14] Chenghui Lei, Bing Wang, Yue Chen (2012). Effect
of heat treatment on ac and dc magnetic properties
of high permeability soft magnetic alloys 1J85.
Procedia Engineering, Vol.27, pp.652-657.

https://doi.org/10.1016/j.proeng.2011.12.501.

[15] Peter Slovensky, Peter Kollar, Milo$ Jakub¢in, Jan

Fiizer, Denisa Olek$akova, Maria Faberova,
(2020).
Structure and Magnetic Properties of Warm
Compacted Ni-Fe-Mo Soft Magnetic Alloy. Acta
Physica Polonica Series A, Vol.137(5), pp.876-878.

https://dx.doi.org/10.12693/APhysPolA.137.876.

Radovan Bures Characterization of

Ngay nhan bai: 07/12/2024
Ngay nhan ban sua: 25/12/2024
Ngay duyét dang: 09/01/2025

SO 81 (01-2025)



