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Abstract. The recovery of rare earth compounds from the magnet of waste HDDs and then
fabricating a rare earth salt mixture used as an environmentally friendly corrosion inhibitor for
metals is a prospective research direction. It has great significance in environmental
protection and sustainable development. In this study, permanent magnets are collected from
some kinds of waste HDDs in Vietnamese market. Hydrometallurgical method is used to
recover mixtures of rare earth oxides from permanent magnets. By analyzing EDX, ICP-MS
and XRD, the mixture of rare earth metal oxide product obtained with high purity. The Nd
content accounts for over 80% of the rare earth elements weight. Since then, the mixture of
rare earth chloride salts was fabricated and initially explored the corrosion inhibition ability of
the rare earth salt mixture for the aluminum alloys in the strong aggressive environments like
3.5% NaCl. The mixture of fabricated rare earth chloride salts exhibits an efficient inhibitor
for corrosion process of aluminum alloy in 3.5% NaCl. The inhibition efficiency is stable on
time and reach over 92% after about 168 + 1344 hours immersion by the mass loss method.
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Tom tat. Viéc thu hdi hop chét dat hiém tir nam cham cia 6 ceng may tinh thai va tir d6 ché
tao thanh hdn hop mudi dat hiém ding 1am chat e ché an mon than thién méi trudng cho kim
loai 12 huéng nghién ciu trién vong. N6 co ¥ nghia 16n trong bao vé méi trudng va phat trién
bén vitng. Trong nghién ctu ndy, nam cham vinh ctru dugc thu thap tir cc 6 ciing may tinh
thai trén thj truong Viét Nam. Phuong phép thuy luyén kim duoc st dung dé thu hdi hon hop
oxit dat hiém tir cac nam cham vinh ctru. Bang phuong phép phéan tich EDX, ICP-MS va
XRD cho thay, san pham hdn hop 0xit kim loai dat hiém thu dugc c6 do tinh khiét cao. Ham
luong Nd chiém >80% khéi luong cac nguyén té dat hiém. Tir d6 ché tao mudi clorua dat
hiém va budc dau thim do kha ning wc ché dn mon cia hdn hop mubdi nay déi véi an mon
hop kim nhém lam viéc trong méi truong xam thuc manh nhu NaCl 3,5%. Han hop mudbi
clorua dat hiém ché tao dugc thé hién Ia chat uc ché hiéu qua d6i véi hop kim nhém trong
moéi truong NaCl 3,5%. Hiéu qua wc ché 1a 6n dinh va déu dat trén 92% sau khoang 168 +
1344 gio thir nghiém bang phuong phap ton hao khéi lugng.

Tir khéa: R&c thai dién tir, nam cham dét hiém, FeNdB, tic ché an mon, hop kim nhém, ICP-
MS.
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1. PAT VAN PE

Cac nguyén té dat hiém c6 tim quan trong Ién trong nganh cong nghiép hién dai dé san
XUAt cac vat liéu chac nang khac nhau trong thiét bi dién, dién tr nhu nam cham vinh ctu, pin
sac, chat xtc tac, dén huynh quang... vi cac dic tinh tir tinh va dién tr doc dao cua ching [1-
3]. Ngoai ra, hgp chat mudi kim loai dat hiém con dugc thay c6 kha ning tc ché an mon tét
cho mot s6 kim loai va hop kim trong méi trudng xam thuc manh [4-7]. Do nhu cau gia ting
va thiéu hut ngudn cung, cac nguyén té dat hiém duoc liét vao danh sach nhitng nguyén liéu
thd quan trong c6 tim quan trong chién luoc ¢ nhiéu quéc gia trén thé gii [1, 8].

Bén canh d6, ngudn phét sinh c4c chit thai dién, dién tr ngay cang ting cing véi su phat
trién ciia khoa hoc va kinh té. Theo nghién ciu caa C. P. Baldé, nam 2018, toan cau s& c6
49,8 tridu tan chit thai dién tar, voi muc ting truong hang nam tir 4 dén 5 % [9]. Luong chat
thai dién tir du béo toi ndm 2021 sé& 1a 52,2 triéu tin [10]. Lwong chat thai dién tar nim 2010
tai Viét Nam 1a 114.000 tan. Véi tc do gia ting trung binh trong nhitng nim gan day cua viéc
tiéu ding mat hang thiét bi dién tir 18n téi 20 % da dua ra con s6 du bao dén nam 2025 tai
Viét Nam 1a 567.000 tan chat thai dién tir s& bi thai bo [11-13]. Pay 1a mot thach thic khong
nho vi hién nay do Viét Nam chwa c6 duoc mot hé théng quan 1y, cong nghé tai ché chat thai
dic biét ddi véi thiét bi dién, dién tir hién dai va dam bao méi trudng. Qué trinh xu ly, tai ché,
tai sir dung khong dung cach sé 13 nguy co gay nén nhiing tac dong xau téi méi truong séng
va con nguoi. Hon nita, phét trién nhanh va san xuat qua mac dan dén can kiét tai nguyeén.

Nam cham neodymium sét boron (NdFeB) Ia mét bo phan cua 6 cing may tinh duoc
ding rong réi trén toan thé gisi, nd chiém 62% thi phan cua vat liéu tir truong vinh ciru.
Thanh phan nam cham nay ngoai neodymium (Nd), con cé cac cac nguyén té dat hiém khac
nhu dysprosium (Dy) va praseodymium (Pr) duoc sir dung véi lwong khéac nhau (tong cong
chiém 25 - 30% khéi lugng nam cham) dé co duoc cac dac tinh tir tinh can thiét [14]. Tai Viét
Nam, viéc nghién ciu tinh ché dat hiém hau hét duoc thuc hién trong linh vuc khai thac
khoéng san, thu hdi tir cac ngudn b thai sau qua trinh tuyén quang, ché thanh cac san pham
phu nhu phin bon hay cac nghién ctru co ban tir tinh quang. Nghién cau thu hoi dat hiém
trong thiét bi dién tir thai, cy thé Ia tir nam cham 6 cang may tinh thai va tng dung san pham
thu hoéi do it duoc dé cap [2, 14, 15]. Mot s6 nghién ciru trude day cho thiy, mudi clorua va
nitrat cua kim loai dat hiém nhu ceri (Ce), lantan (La), neodymium (Nd) va praseodymium
(Pr) hoac hdn hop giira ching c6 kha ning ¢ ché an mon cho hop kim nhdm trong moi
truong NaCl [4, 6]. Do vay, viéc thu hdi hop chat dat hiém va ché tao thanh hdn hop mubi dat
hiém thu hoi dugc tir nam cham caa 6 cng may tinh thai lam chét & ché an mon kim loai la
hudng nghién ciru trién vong va hira hen, c6 ¥ nghia 16n trong bao vé moéi truong va phat trién
bén viing.

Trong nghién ciru ndy, phuong phap thiy luyén kim duoc sir dung dé thu hdi kim loai dat
hiém tir cAc nam cham 6 cang dé tao ra Oxit kim loai dat hiém - san pham c6 d6 tinh khiét
cao. Tir d6 ché tao chét e ché an mon cho hop kim nhdm 1am viéc trong moi trudng Xam
thuc manh nhu NaCl.

2. THUC NGHIEM
2.1. Thu hoi 6xit dat hiém tir nam cham 6 cirng may tinh thai
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Trong nghién ctru nay, nam chdm vinh ctru duoc thu thap tir cac 6 citng HDD bj loai bo
trén thi truong Viét Nam tir mot s6 thwong hiéu nhu Samsung, Seagate, Maxtor, Western
Digital va Quantum. Qua trinh thu héi kim loai dat hiém bao gom céc budc chinh nhu duoc
trinh bay trén Hinh 1, cu thé nhu sau:

O clrng HDDs thai bé

1

Thao d& bd phan nam
cham tha cong

Chit thai rin:
Kim loai. phi kim
trong o cling
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huric
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Loc can kim loai khéngtan]__,

Ba kim loai
khéng tan

Mudi Na:S0a ___ |

Tao mudi kép NaRE(SO,),

Nudc cat

Loc mudi kép, rira va hoa

tan bang nwérc cit

|, Nuwdc thai

Axit Hy GOy —™

Tao két tha mudi oxalate

dat hi€m RE,(C,0,)s

Loc mudi oxalate, rira va
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Hinh 1. Qui trinh thu hdi hdn hop kim loai dat hiém dang 6xit.

_ (1) Téach riéng bg phan nam cham: O cang may tinh thai bo dugc thao rd, tach riéng
phan nam cham dat hiém va cac bo phan khac bang phuong phap thu cong;
(2) Khi# tir va nghién: Bo phan nam cham dat hiém duoc nung téi nhiét do 300 °C, trong
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thoi gian 30 phuat dé khir tir. Sau d6 dem nghién thanh bot téi cap hat trung binh 0,2 mm:
~ (3) Hoa tach: Bot nam cham duoc hoa tach bang axit sunphuric c6 nong do 1,2 M; ti 18
ran long R:L = 20 g/L; Toc do khuay 200 vong/phut; thoi gian hoa tach 1a 15 phut;
Céc phan trng trong qua trinh hoa tach:

XM + 2y H2SO4 — Mx(SOs)y 1)
2RE** + 3504%" — RE2(S04)3 (2)
2Fe3* + 35042 —Fez(S04)3 (3)

(4) Loc can kim logi chwa tan: Do hiéu suit hoa tach khong hoan toan, trong dung dich
con chura cac kim loai chua tan hét, voi muc dich loc bo dé khong lan vao trong muoi kép thu
duoc ¢ budc sau;

(5) Tao mudi kép NaRE(SO4). Dung dich hoa tach sau khi dugc loc, s& dem tién hanh
tao mudi kép NaRE(SO4)2 bang natri sulfate véi ti 1¢ bang 2 lan s6 mol cua kim loai dat hiem
trong dung dich hoa tach, & dicu kién thuong. Phan irng tao muoi sulphate kép duoc biéu dién
boi phuong trinh sau:

RE2(SO4)3 + Na2SO4 — 2NaRE(SO4)

(6) Loc két tia mudi kép, rira nhanh va hoa tan lgi bang nwéc cat: Mudi kép
NaRE(SOa)2 duoc loc, rira nhanh va hoa tan bang nudc cat véi ti 1€ ran long [én t6i 1:200 cho
toi khi tan het;

(7) Tao két tiia mudi oxalate dat hiém RE>(C204)s: Dung dich mudi kép sau khi duoc
hoa tan s& dugc tien hanh ket tua oxalate dat hiém bang axit oxalic (Merck/birc) véi ti 1€ 1:1,1
theo s6 mol cua kim loai dat hiém cd trong dung nung dich d¢ thu tong kim loai dat hiem;
Phan ng thu tao ket taa oxalate dugc biéu dien boi phuong trinh sau:

NaRE(SO4)2.H20 + H2O — RE2(SO4)3 + Naz(S0a)3 4)
RE2(SO4)3 + 3 H2C204 — RE2(C204)34 + 3 H2S04 (5)

(8) Loc két tiia muéi oxalate ddt hiém: Mudi oxalate dat hiém duoc loc, rira sach bang

nudéce cat va say kho tai 120 °C téi khdi lwong khong doi.

~ (9) Nung muéi oxalate dt hiém tgo thanh oxit dat hiém: mau mudi oxalate dat hiém (da
say kho) dugc tien hanh chup gian d6 phan tich nhi¢t (TGA NETZSCH — STA 409 PC/PG)
dé danh gié xem, nhiét d¢ nung nao d€ dam bao thu hoi duoc lugng dat hiém nhicéu nhat, cé
do tinh khiét nhat.
2.2. Ché tao mudi kim loai dat hiém tir 6xit dat hiém thu hoi

Hon hop oxit dat hiém thu hoi duoc dem phan tich thanh phan oxit bang Quang pho
hguon plasma cam ng cao tan ket noi khoi pho (ICP-MS Elan 9000 — Perkin Elmer) va EDX
(S-4800). Vi muc tiéu che tao cac muoi clorua cta kim loai dat hiém, nén hon hop Oxit dat
hiem thu dugc dem hoa tan bang HCI 1N theo phan tng tong quét sau:

RE2O3 + 6HCI = 2RECI3 + 3H20 (6)
2.3. Nghién ciru thim do kha ning tre ché an mon hop kim nhém trong NaCl 3,5%

Nghién ciru tham do duogc thuc hién VGi qua trinh an mon hop kim nhdm trong dung dich
NaCl 3,5% khi khong va khi c6 500ppm hon hop e ché muoi dat hiem RECIs che tao duorc.
pH cua dung dich c6 chat uc che duoc dieu chinh co gia tri 6,5 bang vo6i pH cua dung dich
NaCl 3,5%. Nghién cuu nay dugc thuc hién bang phuong phap do dién thé an mon va ton hao
khoi luong theo thoi gian (1, 2, 4 va 8 tuan thir nghiém).
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3. KET QUA VA THAO LUAN

3.1. Thu hoi va danh gia do tinh khiét ciia hon hop Oxit dat hiém thu hdi dwoc

Sau khi duoc hoa tan, tién hanh két tua oxalate bang axit oxalic dé thu hdi chon loc kim
loai dat hiém. Phuong trinh két tia mudi oxalate duoc biéu dién bang phuong trinh (5). San
pham mudi két tua (RE2(C204)3) thu hdi dugc dem phan tich, danh gia thanh phan bang
phuong phap XRD, ICP va EDX. Két qua do XRD duoc thé hién trén hinh 2 cho thiy mudi
thu duoc & giai doan nay 1a mudi oxalate dat hiém véi thanh phan chinh 1a neodymium c6 céc
dinh nhiéu xa & cac vi tri goc 20 tring khép véi gian dd nhiéu xa chuian cua mudi
Nd2(C204)3.10H20 (CPDS card No. 20-0764) vai 26 = 12,6°; 13,5°; 17,9°; 18,6°; 25,4°.

1200 —
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Hinh 2. Gian do XRD mau bot sau khi két tua mudi oxalate dat hiém.

Hiéu suat thu hdi dat hiém bang viéc tao két tua oxalate tai budc nay dat toi hon 99 %
luong dat hiém thu héi duoc tir budc tao mudi kép vai natri sulfate. Két qua phan tich nay
tuong dong véi nhiéu két qua nghién ctu trude day, tuy nhién v6i diéu kién nhiét d6 va thoi
gian say mau khac nhau s& anh huong den thanh phan H20 ¢6 trong mudbi tong oxalate dat
hiém thu hoi dugc. Két qua phan tich mau mudi téng oxalate dat hiém thu hoi duoc bang
phuong phap EDX thé hién trén hinh 3 cho thay thanh phan kim loai trong mau mudi oxalate
thu hdi dugc hoan toan 1a cac kim loai dat hiém.

Bang quy trinh thu hdi hai budc véi budc mot 1a tao mudi sulfate kép va budc hai la tao
mudi oxalate da thu hodi duoc tong kim loai dat hiém c6 trong b phan nam thai bé véi hiéu
suat thu hoi dat t6i 90,4 %. Trong san pham mubi oxalate dat hiém thu dwgc, cho thiy khong
phét hién su c6 mit cua cac kim loai khac nhu sit va ching di duoc tach bo hoan toan. Két
qua phan tich cho thay thanh phan kim loai dat hiém thu hdi cha yéu 1a Nd chiém tsi 81,01 %;
Prla 15,25 %; Dy 1a 2,77 % va Tb 1a 0,93 %.
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D& thu dugc hdn hop Oxit dat hiém co do tinh khiét cao, mudi oxalate dét hiém sau khi
say kho dugc chup gian do phan tich nhi¢t den 1000°C. Ket qua (hinh 4) cho thay, can nung
hon hgp muoi oxalate ¢ nhiét do >= 750°C sé cho hon hogp 0xit c6 do tinh khiét cao.

0 1 2
ull Scale 612 cts Cursor: 10.289 ke (3 cts)

Hinh 3. Két qua phan tich EDX mudi oxalate dat hiém thu hdi duoc.
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Hinh 4. Gian db phan tich nhiét TGA mudi oxalate dat hiém.

Mudi oxalate dt hiém dugc nung & 750°C trong 5h véi chu trinh ting nhiét 5°C/phit va
duoc dé nguoi tir tir trong 1o dén nhiét do phong. HAn hop 6xit dat hiém thu duoc dem phan
tich EDX, ICP-MS va XRD dé danh gia thanh phan, do tinh khiét va ciu trdc caa san pham.

Két qua phan tich EDX cuaa hdn hop dxit (hinh 5) cho thiy, cac oxit thu hdi duoc hoan
toan la céc Oxit caa kim loai dat hiém. Bén canh do, két qua phan tich thanh phan dt hiém thu
hdi dugc bang ICP-MS (Bang 2) ciing cho thay 6xit thu hdi dugc hoan toan 1a cac dxit cua dat

hiém. Ham luong dat hiém Ion nhét 12 nguyén t6 Nd chiém 83,87%, tiép d6 1a Pr voi ham
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luong 14,37% va nho nhét 1a nguyén té Tb chiém 0,21%.

1=
Spectrum 1

Kimloai % Khoilwgng % Nguyén tir

o) 26,87 76,81
Pr 10,04 3,26
Nd 60,99 19,34
Th 0,44 0,13
Dy 1,66 0,47

50pm 1 Electron Image 1

Hinh 5. Két qua EDX caa hdn hop 6xit dat hiém thu hoi duoc.

Bang 2. Thanh phan kim loai dat hiém thu hdi dugc bang két qua phan tich ICP-MS.

Kim loai Nong do (mg/L) Nong d6 (%)
Pr 28,728 14,37
Nd 167,616 83,87
Th 0,421 0,21
Dy 3,096 1,55
cts
270: Experimental pattern: Oxit dat hiem
250
230 [03-065-3184] Nd,0, Nedodymium Oxide
210
. [01-082-4665] Pr,0; Praseodymium QOxide
190
170 |
150
130
110
90‘
70_
50:
30:
10;, | | I J | | | | i 1 NN 1 I | L
I | I [ Frrrrrrrrrrurini rrrrerrenrrnrrned

10 20 30 a0 50 60 70 80
Hinh 6. Gian dd XRD hdn hop dxit dat hiém thu dwoc sau khi nung mubi oxalate dat hiém.
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Dé khing dinh su ton tai va xac dinh duoc ciu trdc pha caa céc Oxit dat hiém, phan tich
XRD duoc tién hanh va cho két qua nhu trén hinh 6. Hinh 6 cho thiy, su tdn tai cac pic nhiéu
xa cua Nd20s3 va Pr20s la hai trong bén 6xit c6 ham luong cao trong hdn hop oxit dat hiém.
Trén phd khong xuét hiém céc pic nhidu xa cua 6xit Tb va Dy 1a do ham lugng cac Oxit nay
qua nho, khong thé phat hién dwoc nho XRD.

Nhu vay, véi qui trinh thu hdi va ché do nung chuyén hda dxit dat hiém tién hanh nhu
thuc nghiém da thu héi dugc hdn hop 6xit dat hiém co do tinh khiét rat cao.

3.2. Thiam do kha niing trc ché in mon cia hop chit mudi dat hiém ché tao dugc

‘ Viéc tham do kha nang l:IC ché n mon hop kirp nhom trong NaCl 3,5% dugc tién hanh
bang phuong phap do dién thé an mon mach hé va ton hao khoi lugng theo thoi gian.

-0.4

-0.6 - =0-0ppm =/=500ppm

08 ¢

Ec (V vs. SCE)
>

-1.2 A

-14 T T T T r
0 500 1000 1500
Thoi gian (h)

Hinh 7. Su phu thudc dién thé an mon cua hq’p kim nhém trong dung dich NaCl 3,5% khi khéng
va khi c6 500 ppm hon hgp muéi clorua dat hiem theo thoi gian.

bién thé an mon mach hé Ec (hinh 7) ¢6 xu huéng giam nhe va di vao 6n dinh theo thoi
gian. Ec caa mau hop kim nhdm trong dung dich NaCl 3,5% c6 thém 500ppm hdn hop mudi
clorua dat hiém déu dwong hon trung binh khoang 100 mV so véi dung dich so sanh. Piéu
nay c6 nghia 1a hdn hop chat wc ché dat hiém da lam dich chuyén dién thé an mon cua hop
kim nhém vé phia duong hon.

Toc d6 an mon nhom khi khong va khi ¢ chat wc ché mubi dat hiém da ché tao dugc
trinh bay trén hinh 8.

200 100
15.0 4 ~#-0ppm —4—500ppm 95
=
£
WE 10.0 - g %0
3 T
¥
5.0
85 -
0.0 ‘\"‘“-— — . —
0 168 336 504 672 840 1008 1176 1344 1512 80 T ' T ' i ' ' '
0 168 336 504 672 840 1008 1176 1344 1512
Thoi gian (h) Thei gian (h)
Hinh 8. Toc d6 an mon theo thoi gian caa hop Hinh 9. Hiéu qua trc ché an mon theo thoi gian

kim nhom trong méi truong NaCl 3,5% khi co va  caa hdn hop mubi kim loai dat hiém ché tao duoc
khong cd hon hop muoi clorua kim loai dat hiem.  doi véi qué trinh an mon cua hop kim nhém trong
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mbi truong NaCl 3,5%.

Hinh 8 cho thiy, toc d6 an mon nhém trong dung dich NaCl 3,5% c6 gia tri I6n hon rat
nhiéu so vai khi dung dich cd thém 500ppm hdn hop mubi dat hiém. Diéu nay chiing to, hdn
hop muédi dat hiém ché tao duoc da lam giam dang ké (13 + 45 1an) toc d6 dn mon nhém trong
dung dich NaCl 3,5%. Téc d6 an mon c6 xu huéng giam theo thoi gian bai vi nhém c6 xu
huéng hinh thanh mang 6xit trén bé mit, theo thoi gian 16p 6xit cang day s& 1am giam qué
trinh xam nhap cac tac nhan gy an mon ddi véi bé mat nhdm.

Hiéu qua &c ché an mon tinh duoc va hiéu qua tc ché theo thoi gian duoc trinh bay nhu
trén hinh 9. Két qua cho thay, hiéu qua trc ché an mon nhdm cua hdn hop mubi dat hiém déu
dat trén 92%. Diéu d6 ching to, hdn hop mudi dat hiém ché tao dwoc tir 6xit dat hiém thu hdi
¢6 kha nang e ché hiéu qua, 1a chat ¢ ché tiém nang ddi véi qua trinh dn mon nhém trong
dung dich NaCl 3,5%.

4. KET LUAN

Bang phuong phap thiy luyén kim, da thu hoi thanh cong hdn hop Oxit dat hiém tir nam
cham 6 cing may tinh thai. Két qua phén tich thanh phan cho thiy, 6xit dat hiém thu hoi duoc
c6 do tinh khiét cao, thanh phan chinh 1a &xit cua neodymium (>80%), tiép dén la
praseodymium véi ham lugng >10%, con lai 1a Oxit cia Dy va Tb.

D3 ché tao duoc hdn hop mubi clorua dat hiém cé kha nang Gc ché an mon cho hop kim
nhom trong méi truong NaCl 3,5%. Hiéu qua uc ché an mon dat cao (>92% khi c6 500ppm
hdn hop muéi clorua dat hlem) gia tri nay on dinh trong vong 1344 gio thir nghiém. Nhu vay,
viéc thu hdi hop chat dat hiém tir nam cham 6 ciing may tinh thai va ché tao thanh chét ac ché
in mon cho hop kim nhém trong méi trudng an mon khac nghiét 1a huéng nghién ciu ang
dung ¢ trién vong, c6 y nghia 16n trong bao vé méi truong va phat trién bén viing.
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