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TOM TAT

Trong linh vuc moéi trudng, viée tai ché thu hoi kim loai c6 trong chét thai dién tir dwoc thuc hién béng
nhiéu phuong phap khac nhau. Trong s6 do, phuong phap thuy luyén hién dang duoc sir dung pho bién va
nhleu hon do qua trinh thu hoi tao ra lugng chét thai it hon, san pham thu hoi ¢6 mirc tinh khlet t6t hon va
it ton nang lugng hon nhu so v6i phuong phap hoa luyén. De dua ra duoc mot bg thong s6 cong nghé cho
qua trinh hoa tach, thong thuong ta s¢ phai tién hanh mot s6 luong thyc nghiém rét 16n vai chi phi cao va
mat nhiéu thoi gian. Muc ti€u cua nghién ctru 1a giam chi phi cho thuc nghiém nhung dat két qua dang tin
cdy, danh gia hi¢u sudt hoa tach nam cham dat hiém NdFEB trong cac 6 cimg may tinh thai bo dé thu hdi
kim loai dat hiém. Nghién ctru dugc dua trén phuong phap mé hinh hoa thyc nghiém béc hai tim xoay cua
Box — Hunter va dugc mo phong bang phin mém mé hinh MODDE 5.0. Két qua mé phong cho thay cac
gia tri tdi uu cho qua trinh hoa tach bt nam cham dat hiém NdFEB dat dugc khi néng d06 axit sunphuric la
1,2 M, thoi gian hoa tach 1a 14,9 phut, duong kinh bot nam cham 1a 0,2 mm & didu kién ¢ dinh tdc do
khuéy 200 vong/phut, ti 16 ran/long 1a 2 g/100 ml. Hiéu suét hoa tach thu hdi Iy tuong theo mé hinh Modde
5.0 c6 thé dat toi 99,9% va dugc xac dinh lai bang kiém nghiém thuc té dat tir 97,8 dén 99,3%, két qua nay
cé'thé 14 co s& cho viée trién khai cac mé hinh pilot va san xuét thue té sau nay dé thu hoi kim loai dat
hiém.

Tir khéa: Chét thai dién tir; NdFeB - Nam cham dat hiém; Thu hdi; MODDE 5.0.

1. D3t van dé

bi cung véi sy phat trién cua xa hoi s& 1a mot luong 16n chét thai tir qua trinh sinh hoat, san xuét kinh
doanh, mot trong s6 d6 1a nhom chét thai dién tu. Trong chét thai dién tir c6 chtra nhiéu thanh phﬁn khac
nhau nhu nhya, gd, thuy tinh, hop chat hitu co khé phan hily, dong, nhom, céc loai kim loai nang nhu chi,
thity ngan, cadimi va cac kim loai quy nhu vang bac,... Khi cac thiét bi nay bi virt bo, khong duoc quan 1y
dung cach sé& 1a diéu kién cho cac hop chét hiru co kho phan hiy, kim loai ning nguy hai co thé phat tan,
xam nhap vao moi trudong gay ra su 6 nhiém hay cac chimg bénh nguy hiém t&i con ngudi va dong vat. Bén

canh do céc loai vat li¢u khong tai tao ¢ ich do khong dugc thu hoi s& dan dén sy suy giam va can kiét
ngudn tai nguyén khong tai tao trong twrong lai. Nhom kim loai dat hiém 14 mot trong nhimg loai vat lidu
c6 dac tinh dac biét dugc trng dung trong hau hét linh vuc cong nghé cao nhu cong nghé dién tir, ban dan,
nam cham, xuc tac,... Hién nay gia cua loai vat liéu nay trén thi truong ngay cang tré nén dat do do bai
nhiéu yéu té nhur ngudn cung bi gidi han, cac van dé chinh trj thé gidi. Do vay, viéc tim ngudn cung bang
giai phap thu hoi, tai ché, tai sir dung tir chét thai 1a mot trong nhiing dinh huéng chinh trong nhimg nam
gan day.

Phuong phap thuy luyén 1a mét trong nhiing phuong phap duoc dung dé xir Iy va thu hdi cac thanh phan
c6 gia tri, da va dang dugc ap dung pho blen hon do lugng chét thai phat sinh it hon, tiéu hao it ning luong
hon va vat lidu thu hdi c6 do tinh khiét tt hon so voi phuong phap hoa luyén. Trong phuong phap nay, hon
hop cac kim loai s& duoc hoa tach béng cac loai axit, voi cac thong s6 cong nghé khac nhau. Tuy nhién dé
¢6 dugc bo thong s6 cong ngh¢ phu hop sé can phai thyc hién mot lwong thuc nghiém rat 16n, diéu nay la
rat ton kém va mét nhiéu thoi gian.

Trong nghién ciru ndy, bd phan nam cham dit hiém trong 6 cirmg may tinh thai bo tai Viét Nam l1a dbi
tuong dugce huéng dén. Hién tai, thé gisi c6 hai hé nam cham dat hiém, thir nhét 1 hé nam cham dit hiém
SmCo v6i hai nhém 1a SmCos va Smy(Co,Fe)i7 ¢6 thanh phén chinh chu yéu 12 Sm chiém dén 36,09%, con
lai 1a Co va cac kim loai khac. Th hai 13 hé nam cham dat hiém R,Fe 4B hodc R,Co14B véi cac nguyén
t6 dat hiém chinh 1a Nd, Pr, Dy... trong 6 Nd chiém t¢i 31,62% (N. Sato va nnk, 1998). Trong nghién ciru
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clia tic gia thuc hién & giai doan trudc cho thay tong khdi lugng kim loai dat hiém chiém 26%, nhiéu nhét
1a Nd 20,87%; tiép dén Pr 1a 3,56%; Dy 1a 1,25% va Tb 1a 0,14% con lai 1 sat va mot s6 kim loai khac
(Pham Khanh Huy va nnk, 2017). Mot s6 nghién ctru trén thé gidi, dé hoa tach thu hoi kim loai nay dugc
tién hanh bang viéc sir dung riéng ré cac loai axit nhu 1a clohidric (HCI), sunfuric (H>SO4), nitric (HNO3),
hoac bé’mg hon hop axit & néng d rat cao (N. Sato va nnk, 1998; Cui va Zhang, 2008; Onal va nnk, 2015)
va ciing da phan nao danh gia don 1¢ nhimg yéu t§ c6 anh hudng trong qué trinh hoa tach.

V6i muc tiéu dé giam khi lugng thue nghiém, nhung van thu duoc cac cac bd thong sé cong nghé dam
bao d9 tin cdy, cac nha nghién ctru trong linh vuc cong nghé, hoa hoc, sinh hoc da ap dung phuong phap
mo hinh hoa quy hoach thyc nghiém dé c6 thé danh gia duoc sy anh huong cung luc cua nhiéu yéu t6 khac
nhau trong qué trinh hoa tach hay tong hop cac hop chat (Ha Vinh Hung va Huynh Trung Hai, 2014; Hoang
Thi Yén va nnk, 2015; Nguyén Manh Huy va nnk, 2017; Tran Thé Dinh va nnk, 2019), bén cach do thu
dugc khoang gié tri tdi wu cho cac thong sé nay dé dat duoc hiéu suat cao nhét va cé thé ap dung ching
vao trong san xuét thuc té. Trong nghién ctru nay, sau khi tién hanh cac thyc nghiém duoc xdy dung theo
phwong phap mé hinh héa thuc nghiém bac hai tim xoay ciia Box - Hunter, cac két qua s& dugc thiét 1ap
trén phdn mém MODDE 5.0 dé mé phong, danh gia tac dong qua lai giita cac yéu td dwoc Iya chon 1 ndng
d9 axit, kich thudc bot nam cham va thoi gian hoa tach téi hiéu suét hoa tach thu hdi tong kim loai dét hiém
va qua d6 x4c dinh duoc khoang thong sb t6i wu cho qué trinh ndy mot cach nhanh va chinh xac.

2. Hba chit va phwong phap nghién ciru
2.1. Héa chdt va diéu kién thuc nghiém

Bo phan nam cham dat hiém duoc thao g tir cac 6 dia cing di qua sir dung ctia nhiéu hang khac nhau
bi thai bo tai Viét Nam. Sau khi dugc khir tir, s& dugc dem di nghién va sang qua ray c6 cac cip mat ludi
12 0,2; 0,4 va 06 mm. Loai axit dugc st dung 1a axit sunfuric (H,SO4) cua hang Sigma-Aldrich dugc chuan
bi 6 ndng do thap 13 0,5; 1,0 va 1,5 mol/l. Thoi gian hoa tach thu hdi & cac khoang thoi gian 14 5; 10 va 15
phat. Qua trinh thuc nghiém hoa tach duoc tién hanh trong thiét bi phan tng hai vo, ¢6 thiét bj 6n dinh
nhi¢t do bang tuan hoan nudc & 25°C, thiét bi déo tron co canh khuéy teflon véi tbe d6 200 vong/phut, ti 1¢
rin 16ng 13 2 g/100 ml. Nong do kim loai dat hiém dwoc phan tich bang phuong phap phd khdi plasma trén
thiét bi ICP-MS ELAN 9000 thugc Vién cong nghé xa hiém.

2.2. Phwong phap nghién ciru

Dua trén cac két qua khao sat tir giai doan trude cho thay, ¢6 rit nhidu yéu t6 c6 thé anh hudng t6i hiéu
suét thu hoi trong qua trinh hoa tach, tuy nhién trong pham vi ciia nghién ctru nay tac gia chi tap trung thiét
1ap mé hinh tinh todn, danh gia cho 3 yéu t6 1a nong do axit, thoi gian hoa tach va kich thudc hat, mot )
yéu té khac cb dinh va khong thay dobi. Pay 1a cac yeu t6 co thé ¢6 anh huong manh nhat dén ham muyc tiéu
Y - hiéu suat hoa tach thu hoi tong kim loai dat hiém. Cac bude trong nghién ctru gdom cé: (1) Xay dung ké
hoach thuc nghiém; (2) Tién hanh thuc nghiém hoa tach thu hdi theo ké hoach; (3) Nhap dir liéu vao mo
hinh MODDE 5.0 dé tinh toan va danh gia. Tiép dén sir dung tiéu chuan Student va Fisher dé kiém tra murc
d6 twong thich cta phwong trinh hdi quy cho hiéu sudt hoa tich thu hdi kim loai dit hiém.

S6 lugng thuc nghiém duoc x4c dinh theo phuong phap mé hinh quy hoach héa thuc nghiém véi ké
hoach hdn hop bac hai tim xoay ciia Box — Hunter. Duéi day 1a Bang 1. Ma tran ké hoach thuc nghiém hoa
tach thu hdi kim loai dat hiém (Nguyén Minh Tuyén, 2005).

Badng 1. Ma trgn ké hoach thyc nghiém hoa tach thu hoi kim logi dat hiém.

) K Gia tri thuc té Gia tri mi hoa
Théng so hi é}; Muc Muc Miic Muc Muc Muc
j dudi Co s trén dudi Co so trén
Nong d6 axit (mol/L) Z1 0,5 1,0 1,5 -1 0 1
Thoi gian hoa tach (phit) 72 5 10 15 -1 0 1
Kich thuéc hat (mm) 73 0,2 0,4 0,6 -1 0 1

Vfii phuong phap béac 2 tim xoay, phuong trinh hdi quy duogc lwa chon c6 dang nhu sau (Nguyén Minh
Tuyén, 2005):
y = b, + X, byx; +Xfue 1bjuxjxy + -+ X byx?
j#u

y = by 4+ biX; + byx, + baxs 4+ bipX X, + bisX X5 + bysXpXg + by xF + byyxi 4+ basx3 (1)
Trong do: i o
y - hiu suat hoa tach tong kim loai dat hiém (%); )
bo, bj, bju (j, u =1 - 3), (u#j) - hé s hoi quy cua mo hinh thong ké;



Xj, Xu (j, u =1 - 3) cac gia tri dugc ma hoa (tur -1 dén 1) cua n6ng d6 axit (X,), thoi gian hoa tach (X;), va
kich thudc hat cua bdt nam cham (X3).

Sb luong thyc nghiém can thiét va ma tran ké hoach thuc nghiém theo ké hoach hdn hop bac hai tam
xoay Box - Hunter (Nguyén Minh Tuyén, 2005) duoc trinh bay trong Bang 2 va Bang 3.

Bang 2. Gid tri o va 56 thuc nghiém diém tam tinh trudce cho loai mé hinh.

S6 nhan to n S6 thyc nghiém S6 thyc nghiém S6 thuc nghiém Khoang cach tir tam
khao sat (n) 0 goc (Ngée) 0 diém sao (N*) o tam (No) dén diém sao (o)
2 22 4 4 5 1,414
3 28 8 6 6 1,682
4 24 16 8 7 2,000

Do nghién ciru c6 s6 yéu to doc 1ap k = 3; nén gia tri khoang cach tir tim dén diém sao o = 2¥* = 1,682;
0 thuc nghiém & nhan ké hoach = 8; s0 thuc nghi¢m & tdm ké hoach No = 6; s6 thuc nghiém ¢ diém sao
N*= 6. Tong s0 thuc nghiém can thiét cho cong tac toi uvu hda cac thong s6 cho qua trinh hoa tach thu hoi
kim loai dat hiem la 20 thi nghi¢m.
3. Két qua va thao luin
3.1. Két quad hoa tach thu hoi tong kim loai dat hiem

Kiéu, co cdu thong s6 thyc nghiém thiét ké cho qui trinh hoa tach thu hdi tong kim loai dat hiém va gia
tri hi¢u suat thu hoi twong g véi moi thye nghiém dugc trinh bay trong Bang 3.

Bang 3. Ma tran ké hoach thyc nghiém va hiéu sudt hoa tach thu héi theo ké hoach thuc nghiém.

Gia tri bién thuc Ma tran ké hoach thuc nghiém ma hoa
H(ZZS& Thgizg)ian ngp?a x| X | X | XX | XX | XX | X2 X2 X2 | Y%
0,5 5 0,2 -1 -1 -1 1 1 1 1 1 1 72,4
=] 1,5 5 0,2 1 -1 -1 -1 -1 1 1 1 1 78,8
Sl 05 15 0,2 -1 1 -1 -1 1 -1 1 1 1 943
Wl 15 0,2 1 1 -1 1 -1 -1 1 1 1 99,4
i 0,5 5 0,6 -1 -1 1 1 -1 -1 1 1 1 26,8
<[ 15 5 0,6 1 -1 1 -1 1 -1 1 1 1 39,4
Z| 05 15 0,6 -1 1 1 -1 -1 1 1 1 1 73,4
1,5 15 0,6 1 1 1 1 1 1 1 1 1 78,2
o] 0,159 10 04 |-1,682 0 0 0 0 0 [2,8291 0 0 60,2
S| 1,841 10 04 | 1,682 0 0 0 0 0 [2,8291 0 0 86,8
EL 10 3,295 0,4 0 |-1682] 0 0 0 0 0 | 2,8291 0 |413
sl 10 11,705 0,4 0 1,682 0 0 0 0 0 |2.8291 0 [903
2 1,0 10 0,0636 0 0 -1,682] 0 0 0 0 0 [2,8291]993
C 10 10 0,7364 0 0 1,682 0 0 0 0 0 |[28291]523
= 10 10 0,4 0 0 0 0 0 0 0 0 0 79,6
g 10 10 0,4 0 0 0 0 0 0 0 0 0 81,2
= no 10 0,4 0 0 0 0 0 0 0 0 0 80,1
Ml 1,0 10 0,4 0 0 0 0 0 0 0 0 0 80,6
EL 10 10 0,4 0 0 0 0 0 0 0 0 0 823
= 1,0 75 0,4 0 0 0 0 0 0 0 0 0 81,6

Két qua thuc nghiém cho thay, hiéu sudt thu hdi tong kim loai dat hiém dat tir 26,8 dén 99,4%, ta c thé
nhan dinh rang cac thong so c6 sy anh hudng va tac dong lan nhau trong qua trinh hoa tach thu hoi tong
kim loai dat hi€m c6 trong by phan nam cham thai bo.

3.2. Két qud xdc dinh phwong trinh téi wu hoa tach thu hoi kim loai dét hiém

Kiéu, co ciu thong $6 thuc nghiém va gia tri hi¢u suét thu hoi trén Bang 3 ma tran ké hoach thuc nghiém
va hiéu suét hoa tach thu hdi theo ké hoach thuc nghiém s€ duoc thiét 1ap vao phﬁn mém MODDE 5.0 dé
mo phong, danh gia sy anh hudng va moi tuong quan 1an nhau ciia thong s6 ndng do axit, kich thudc hat
va thoi gian hoa tach trong qua trinh hoa tach thu hdi tong dat hiém. Tiép d6 chuan sb Fisher va Student s&
dugc st dung dé kiém dinh mirc ¢ pht hgp cho phuong trinh hdi quy ctia qué trinh hoa tich ¢ mirc co
nghia P = 0,05, bac ty do phuong sai du fl = N- L = 13, s6 bac tw do f2=no -1 =25, gia tri Fb trong bang
trala 4,61 va gia tri F tinh toan theo cong thtrc 2 1a 2,49.

_ Si/f
F S2/f2 2)



Phuong trinh hdi quy cho hiéu sudt hoa tach thu hdi tong kim loai dit hiém trong bo phan nam cham cta
6 cling may tinh thai bo c6 dugc sau tinh toan nhu sau:
y = 80,97 + 5,39x; + 15,39x, — 15,08x5 + 5,36x,x3 — 2,80x% — 5,52x2 (3)
Gié tri F = 2,49 < Fb cho thiy phuong trinh hdi quy thu dwoc 1a tuong thich véi thuc nghiém. Hé s6
tuong quan tuyén tinh gitra hi¢u suat hoa tach kim loai dit hiém theo ma tran ké hoach thuc nghiém dat téi
99,1%, cho thay phuong trinh %%y la déng tin cay.
1

y = 0.9876x + 0.6837
R2=0.9911
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Hinh 1. DBé thi biéu dién hiéu suat hoa tach theo mé hinh va thuc nghiém.
3.3. Két qua ddnh gid anh hwéng ciia cdc yéu té thwe nghiém véi nhau téi hiéu sudt thu hoi

Trong nghién ciru nay, phan mém MODDE 5.0 da dugc su dung dé mo phong va xac dinh anh huong
clia cac yéu té dén cac ham muc tiéu hidu suat hoa tach thu hoi tong kim loai dat hiém. Két qua duoc thé

hién thong qua mo hinh 2D trong cac Hinh 2, 3 va 4 nhu sau:
Cap hat 02 mm Cap hat 0,4 mm Cap hat 0.6 mm

C H2504
C H2S04

10 1 9 10 11 12 13 14 15 9 10 |! 12
Thai gian (phut) Thdi gian (phat) Thai gian (phtt)

Hinh 2. Phdn bé hiéu sudt hoa tach theo thoi gian hoa tach va nong dé axit & cac cap hat.
Hinh 2 biéu dién mdi trong quan gitra thoi gian hoa tach va ndng d¢ axit & timg cap kich thude bot nam
cham cho thay vung hi€u suat cao nam phia trén goc bén phai cia do thi. Két qua md phong cho thay dé
dat duoc hi¢u suat cao hon 90 % thi thoi gian hoa tach phai 1on hon 10 phut va kich thuéc bot nam cham

phai nho hon 0,4 mm.
Néng dé H2S04 0,5 M Nong do H2504 1,0 M Nang d6 H2504 1,5 M

Cap hat (mm)
Cap hat (mm)
Cap hat (mm)

a 9 10 11 12 13 14 15 : 7 8 9 10 11 12 13 14 15 ‘ 8 g 10 11 12 13 14 15
Thdi gian (phuat) Thdi gian (phut) Thai gian (phut)

Hinh 3. Phdn bé hiéu sudt hoa tach theo thoi gian hoa tach va cdp hat 6 cac nong do axit.



Twong ty, Hinh 3 biéu dién mdi quan hé giira kich thudc bot nam chdm va thoi gian hoa tach ¢ timg
khoang thoi gian hoa tach cho thdy ving hiéu sut cao nam phia dudi goc bén phai cua dd thi. Két qua mo
phong ciia phan mém cho thiy c¢6 thé dat dwoc hi¢u suat cao hon 90 % khi thoi gian hoa tach phai 16n hon
10 phat va ndng d6 axit phai 16n hon 1,0 M.

Thasi gian hoa téch § phiit Thai gian hoa tach 10 pht Thth it hos Ge 15 e

Cép hat (mm)
Cép hat (mm)
Cap hat (mm)

05 06 07 08 02 1.0 1.1 1.2 1.3 14 15 03 06 07 08 09 10 11 1.2 13 14 15 05 06 07 08 09 10 11 1.2 1.3 14 15
C H2501 (M) C H2504 (M) C H2504

Hinh 4. Phdn bé hiéu sudt hoa tach theo cdp kich thuée hat va nong do axit & cdc khodang thoi gian.

Tiép theo mdi trong quan giira kich thudc hat va nong do axit & cac khoang thoi gian hoa tach duoc thé
hién trong Hinh 4, cho thdy viing hiéu suit cao nam phia dudi goc bén phai ctia dd thi. Mé phong cho thiy
dé dat duoc hiéu suit cao hon 90% thi cap hat phai nhé hon 0,2 mm, ndng do axit phai 16n hon 0,7 M va
thoi gian hoa tach phai 16n hon 10 phut

Két qua md phong di dwa ra duoc diéu kién ti wu Iy tudng cho viéc hoa tach thu hoi tong kim loai dét
hiém trong bd phan nam cham thai c6 thé 1én téi 99,9% véi cac thong s cong nghé nhu nhur sau: ndng do
axit H»SO4 1a 1,2 M, thoi gian hoa tach thu hdi 1a 14,9 phut, kich thudc bot nam cham la 0,2 mm cung voi
céc diéu kién ¢ dinh khac 1a tbc do khudy 200 vong / phut, ti 18 ran 1ong 2 g/100 ml. Bé danh gia mirc do
tin cdy tir két qua mo phong, tac gia di tién hanh kiém nghiém thuc té lai v6i 3 miu thi nghiém, két qua
h1eu suét thuc té véi mau TNOT 12 97,8%, TNO2 14 99,3% va TNO3 13 98,2%. Gia tri hiéu suat thu hdi thuc
té dat duoc 1a rat cao, 16n hon 97,8%, ¢6 pham vi sai khac nho hon 5% so véi diéu kién ly thuyet Iy twong
cua md hinh dua ra, chi v6i s6 luong khao sat thyc nghiém la 20 lan véi cac kiéu, co cau thong sé dau vao
duoc dinh san. Pay c6 thé 1a tién dé cho viéc trién khai cdc md hinh pilot hay san xuét thtr dua trén bo sd
cong ngh¢ nay.

4. Két luan

Bing viéc xay dung ké hoach thuc nghiém theo phuwong phap bac hai tim xoay ciia Box - Hunter véi
lugng thuc nghiém t6i da 1a 20 1an va dugec mo phong tinh toan trén phan mém MODDE 5.0, da danh gia
dugc anh huéng qua lai ciia cac thong s6 dau vao va dua ra khoang gia tri téi uu cho céc thong s cong
nghé cho qua trinh hoa tach 1a ndng do axit sunphuric 1a 1,2 M; thoi gian hoa tach 14 14,9 phiit; duong kinh
hat dbi voi bot nam cham 1a 0,2 mm; véi diéu kién ¢b dinh khac 1a téc d6 khudy 200 vong / phut va ti 18
rén 16ng 2 /100 ml. Hiéu suat thu hdi kiém nghiém thyc té dat hon 97,8%.

D3 tim dwoc phuong trinh hdi quy biéu didn hiéu xuét hoa tach thu hdi kim loai dat hiém trong bo phan
nam cham thaiy = 80,97 + 5,39x; + 15,39x, — 15,08x3 + 5,36X,x5 — 2,80)(% — 5,52X%.

Loi cam on

Trong qua trinh nghién cuu, tac gia da nhan duogc nhiéu su giup do, tao diéu kién thuan va hd tro mot
phan kinh phi tir truong Pai hoc M6 - Dia chat, cho phép st dung trang thiét bi thi nghiém tu Pai hoc Bach
khoa Ha Ngi. Tai xin bay to long cam on chan thanh dén su ho tro va hop tac trén.
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ABSTRACT

Optimize the leaching process of magnet parts in HDD waste to
recover rare earth metal

Pham Khanh Huy
Hanoi University of Mining and Geology

In the environmental field, metals in electronic waste were recycled and recoveried by many different
methods. Among them, the hydrometallurgical method is becoming more and more popular because it
generates less waste, uses less energy and the recovered product has better purity than the pyrometallurgical
method. Normally, we would have to conduct a very large number of experiments to come up with a set of
technological parameters for the separation process, and the cost of this work is very expensive and takes
a lot of time. The goal of the study is to reduce the cost of experiments but can achieve reliable results, and
evaluate the separation efficiency of NdFEB rare earth magnets in discarded computer hard drives to
recover rare earth metals. The study is based on the Box-Hunter experimental planning modeling method
and is simulated by MODDE 5.0 modeling software. The simulation results showed that the optimum
values for the separation process of NdFEB rare earth magnet powder are achieved when the concentration
of acid is 1.2M; dissolution time is 14.9 minutes; magnet powder size is 0.2 mm; stirring speed and solid
to liquid ratio (m/v) were kept constant at 200rpm and 2g/100mL respectively. The efficiency calculated
according to the model can reach 99.9% and determined by actual experiments reaching from 97.8 to
99.3%, this result can be the basis for the implementation of pilot models and actual production in the future
to recover rare earth metals.

Keywords: Electronic waste; Rare earth magnet; NdFeB; Recover; MODDE 5.0
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