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Tém tit: Trong cong trinh ndy, ching t6i di téi wu héa cdc théng so cho qud
trinh tong hop hat nano Co.Fes..0, bang phwong phdp thity nhiét sir dung thiét ké thi
nghiém Plackett-Burman va phwong phdp dap iing bé mdt (RSM) theo mé hinh Box-
Behnken. Két qua cho thdy, nhiét dg, nong dé NaOH, ty 1é s6 mol ion Co”*/Fe’" la ba
yéu t6 cé anh hwéng manh nhat (p < 0.05) lén qua trinh tong hop hat nano Co.Fe;.
O, va tinh chat tir cia vt liéu thu duwoc. Sau khi sang loc, cac yéu 6 nay duwoc 16i
wu héa bang phuwong phdp déap vmg bé mdt theo mé hinh Box-Behnken, gid tri toi wu
cho nhiét d¢ nung la 570 °C, néng dé NaOH la 3M, ti 1¢ s6 mol ion Co® /Fe® 1a 1:2,
khi dé, tir do béo hoa thu dwoc I6n nhat dat 63,67 emu/g o nhiét do phong. Mo hinh
nay dwoc kiém nghiém théng qua thiec nghiém, gia tri tir do bao hoa M, la 62,14
emu/g va 60,03 emu/g twong ing vdi luc khang tir H, thap 11 Oe va 32 Oe. Cac dac
trung cua mau Co.Fe;,0y duoc khdo sat bang ky thudt tiv ké mau rung (VSM). Thi
nghiém da yéu t6 theo ma trdn Plackett-Burman két hop véi phwong phap ddp ing
bé mdt theo mo hinh Box-Behnken dwoc danh gia la cong cu phu hop dé toi wu héa
gid tri cdc yéu té anh huong dén qud trinh tong hop hat nano Co.Fe;.O,.

Tur khéa: Hat nano Co,Fe;.,O4; Thuy nhiét; Ma tran Plackett-Burman; Phuong phap dép tng bé mat (RSM);
Tir @6 bdo hoa M.

1. MO PAU

Céc hat nano tir ferit c6 céu tric spinel (MFe,O,, trong d6, M 1a cac kim loai hoa tri
hai) dd dugc quan tim nghién ctru ciia cic nha khoa hoc trén thé giéi boi kha ning tng
dung cua chung trong linh vyc dién tu chéng han nhu ghi tir, bd nhd,... [1]. Bén canh do,
cac nghién ctru tng dung trong y sinh cua h¢ vt liéu nay & kich thudc nano mét cling da
duoc cha y nhu dan truyén thudc, tach chiét t& bao, nhiét tri diéu tri ung thu, va lam tang
d6 twong phan anh chup cong hudong tir (MRI) [2-4]. Trong ho vat liéu spinel, h¢ hat Fe;O,4
thuong duoc Iya chon dé tién hanh nghién ctru in-vitro va in-vivo ng dung trong linh vuc
y sinh, do kha ning d& ché tao va tinh twong thich sinh hoc cao ddi voi co thé song. Tuy
nhién, vat liéu Fe;04 c6 nhugc diém 1a nhiét d6 Curie (T=823 K) rat cao so voi nhiét do
can dé tidu diét té bao ung thu trong phuong phap nhiét tir tri [5]. Vi véy, gan day cac nha
nghién ciru tap trung tim kiém céc vat lidu thay thé dé c6 nhiét d6 T, phu hop (twong tng
trong khoang 42-46 °C). Hé hat nano CoFe,0, ciing chiém moét ty 1& 16n trong cac nghién
ctru vé hat nano tir, vi ching c6 hang s6 di huéng cao (lyc khang tir 16n), dan dén hé vat
liéu nay co tir tré 16n hon cac hat nano ferrit spinel khac cung kich thuée. Day 1a mot 1y do
lam tang gia tri cong sudt hip thu (SLP) cho phwong phap nhiét tir tri trong tng dung y
sinh. Theo cong bd ciia nhom tac gia Amiri [7], cic hat nano CoFe,O, siéu thuan tir c6 thé
ung dung trong y sinh tuong tu cac hat nano Fe;Os,.

Phén tich nhitng wu diém, nhuoc diém, thiéu sot cia cac két qua da nghién ciru vé hé
vat liéu ferit spinel cho thay tinh chat cta vat liéu nano CoFe,O,4 phu thude vao kich thuse
hat va sy sap x€p céc ion tron hai phan mang ciing nhu cac yeu t6 trong qua trinh ché tao
[8]. Do d6, viéc nghién ctru ché tao va khao sat tinh chat cta vét liéu nay cho dén hién nay
van dang la van dé rat dugc quan tam. bé tdi vu hoa qué trinh ché tao vat li¢u, sang loc
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cac yéu td chinh anh huong 16n dén tinh chat vat lidu 1a rit quan trong. Trong do, cach don
gidn va thuan tlen nhat 1a t6i wu tung yeu t6 va gitr nguyen cac yéu t6 con lai. Tuy nhién,
cach 1am nay rét ton thoi gian, hoa chat, hao mon thiét bi va khong xac dinh duoc su tac
dong qua lai giita cac yéu t6 trong qua trinh tong hop vat liéu. Tur d6, nguoi ta de xuat mot
phuong phap hiéu qua hon, chi phi thap, cho thiy su tuong tac qua lai gitra cac yéu td,
ddng thoi du doan duoc cac gia tri toi wu cho ting yéu t6 1a thiét ké thi nghiém Plackett-
Burman. Phuong phép nay di dugc sir dung dé t01 uu hoa qua trinh tong hop cac phén tur
nano Bac [9], nano Vang [10]. Ngoai ra, cac yéu té anh hudng dén qua trinh tong hop
duoc i wu bang phuong phap dap tmg bé mit (RSM) theo md hinh Box-Behnken dé tim
duogc bo thong sb t6i wu ap dung cho thue nghiém [11].

Trong cong trinh nay, chiing t6i t6i wu héa cac yéu t6 anh huong dén qué trinh ché tao
hat nano Co,Fe;, O, phuong phap thiy nhiét bang cich st dung thiét ké thi nghiém
Plackett-Burman va phuong phap dap timg bé mit theo mé hinh Box-Behnken dé thu dugc
hat nano tir tinh ¢6 gia tri tir 0 bdo hoa cuc dai.

2. THU'C NGHIEM

2.1. Héa chat

Céc hoa chét dung dé tong hop miu gdm miu CoyFe; Oy 12 cac san phim thuong mai
cia hing Merck, Sigma-Aldrich dang tinh khiét phan tich bao gom: FeCls.6H,0,
CoCl,.4H,0, NaOH, axeton (CH3),CO. Méi truong tro dugc tao boi khi nito sach 99,99%,
nudc cat dé ion.

2.2. Phuong phip tong hop hat nano Co,Fe;.,0,

Hat nano Co,Fe; 0, d3 dugc tong hop bang phuong phéap thiy nhiét. Cac mudi duoc
pha vao nudc cat voi ty 18 ion Co*": Fe** duoc thay doi. Tiép theo, 16 ml dung dich cac
mubi duge nho tir tir vao 60 ml dung dich NaOH ¢ nong d¢ thay doi, trong qué trinh nho
giot co sir dung may khudy véi toc do (vong/phit) duge thay ddi ¢ timg thi nghiém trong
khi quyén N, duoc dura vao lién tuc trong thoi gian phan tng. Hon hop trén duge cho vao
binh phan (g lam bang thép khong gi va gitr ¢ nhiét do 120 °C dén 200 °C trong 3 dén 20
gi0. Binh phan tng duoc dé ngudi tu nhién dén nhiét do phong, san pham duoc thu nhéan
bang nam cham vinh ctru dat ¢ day cbe dé cac hat CoxFe; O, ling xuong. Hat Co.Fe; O,
dugc rira sach bang nudc cat dé ion dén khi pH=7, roi tiép tuc rira bang axeton 2-3 lan.
Cudi cung, hat Co,Fe;., O, thu duge dem say kho & nhiét do 80 °C trong 10 gio.

2.3. Pic trung vét liéu

Tur d6 bao hoa ciia mau hat nano CosFe; O, dqu do trén hé tu ké mau rung (VSM) &
nhiét 6 phong tai phong Vat ly vat li€u tr va siéu dan, Vién Khoa hoc vét liéu, Vién Han
I?;m Khoa hoc va Cong nghé Viét Ngm. Hé tir ké mau rung co6 do nhay 10 emu, hoat dong
tot trong khoang nhiét do tur 77 K dén 1000 K va tir truong -12 kOe dén 12 kOe.
2.4. Thiét ké thi nghiém va xir Iy 6 liéu
2.4.1. Thiét ké thi nghiém Plackett-Burman va mé hinh Box-Behnken

Qua trinh tong hop hat nano Co,Fe; O, bang phuong phép thuy nhiét chiu anh hudng
cua 11 yéu t6 1a nhiét do thuy nhiét, ndéng do Fe " ti 18 Co™'/Fe’”, thoi gian thuy nhiét,
nong d6 NaOH, toc do khuay, thoi gian khuay, tdc d6 suc khi N,, nhiét do khuay tron hon
hop phan tmg, pH hdn hop sau phan tng va nhiét d6 nung mau. Ching t6i thiét ké thi
nghiém Plackett-Burman véi 11 yéu t6 (bang 1) & 2 muc do thip nhat (-1) va cao nhat (+1)
trong 12 16 thi nghiém (bang 2) dé sang loc cac yéu t6 ¢ anh huong 16n nhit dén tinh chat
tu thong qua gia tri tor d¢ bao hoa M.

Céc yéu t6 c6 hé s6 anh hudng 16n véi do tin cy cao (p < 0.05) s& duge dua vao md hinh tdi
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uu hoa sir dung phuong phap dap Gmg bé mat theo md hinh thiét ke Box-Behnken [11]. Trong
nghién ctru ndy, ba yéu t6 chinh anh hudng 16n nhéat dén qua trinh téng hop hat nano Co,Fe; O,
duoc nghién curu ¢ 3 muc (-1, 0, +1) (bang 3) vai 15 thi nghi€m (c6 3 thi nghiém & tdm).

Ham dép tmg dugce chon la gid tri tir 0 bdo hoa Ms (emu/g). M hinh t6i wu hoa dugc
biéu dién bang phuong trinh bac 2 theo céng thac (1) [12,13]:

Y =by + byx; +byxy + bsxs +byx;” + baxa” + bysxs” + biaxxs + bysxoxs + bysxixs 1)
trong d6, by, by, by 14 céc hé s6 bc 1; byy, by, bss 14 céc hé s6 bic 2; biy, bys, by 1a céc hé
sO tuong tac cla tirng cap yeu to; x;, X, X3 1a cac bién ddc lap.

2.4.2. Xur Iy 56 liéu
S6 liéu thuc nghiém dugc xu 1y br:ing‘ph?an mém théng ké Design-Expert 7.1 dé tinh
toan cac hé so ciia phuong trinh hoi quy, bé mat dap g va toi uu héa véi ham mong doi.

Bing 1. Cdc bién trong ma trdn Plackett-Burman va hé sé anh huéng cia ching.

Ky Yéu to Mire Murc d§ 4nh huéng
hié}lll Tén yéu té Thap | Cao Anh Prob>F
) (-1 (+1) hudéng
X, Nhiét d6 thuy nhiét (°C) 120 200 528" . NOt
significant
X, Nong d6 Fe’ (M) 0,1 0,25 4,18° > 0,05
X;3 Tilg Co™": Fe’" 0,3 0,8 17,28° 0,0030
X4 Thoi gian thuy nhiét (h) 3 20 4,17 > 0,05
Xs Nong d6 NaOH (M) 0,5 4 9,88" 0,0429
X Toc do khudy mau 200 | 700 -5,69° >0,05
(vong/phut)
X7 Thoi gian khuay (phut) 20 60 -3,44° > 0,05
Xs Thoi gian suc khi (phut) 10 30 -1,89° > 0,05
Xo Nhiét do khuay tron (°C) 50 90 0,24° > 0,05
X0 Nhiét ¢6 nung mau (°C) 300 600 0,96 0,0285
Téc d6 nho giot dung dich vao b
X1 NaOH (giot/gidy) 1 5 4,94 > 0,05
*Cé y nghia & d6 tin cay o = 0,05; ®Khoéng c6 y nghia & d6 tin ciy 0=0,05.
Bing 2. Ma trin thiét ké thi nghiém Plackett-Burman.
, Cic bién M, (emu/g)
Thi Thuwe | Mb

nghiém X1 Xz X3 X4 X5 X6 X7 Xs X9 XIO X11 nghiém hinh

1 +1 | -1 | +1 | -1 -1]-1|+1|+1]|+1] -1 +1 29,6 29,52
2 +1 [ +1 | -1 | +1 | -1 ]-11|-1|+1]|+1] +1 -1 36,1 36,38
3 1|+ |+ -1 |+ -1 -1 | -1 |+ |+ +] 16,53 16,52
4 +1 | -1 |+1|+1]-1|+1|-1|-1]-1]+1 | +1 13,87 13,96
5 +1 | +1 | -1 | +1 | +1 ] -1 |[+1|-1]-1 -1 +1 39,67 39,92
6 +1 |+l | +1 | -1 |+ |+1|-1]+1]-1]| -1 -1 12,16 12,01
7 1|+ 4L A -1 | DL -1 |+ - -1 34,35 34,88
8 -1 -1 [+ |+ |+ -1 |+ |+ | -1 |+ -1 16,02 16,2
9 S [ R I I N I T B [ B (O e | +1 42.89 43,66
10 +1 | -1 -1 ] -1 [+1]+1|+1|-1]|+1] +1 -1 40.78 40,46
11 L+l -1 | -1 | -1 | L+ |+ -1 | 1| +L 42,17 42,62
12 -1 -1 -1 -1 -1]-1]-11]-11]-11] -1 -1 9,36 9,16
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3. KET QUA, THAO LUAN

3.1. Phan tich sy c6 y nghia ctia m6 hinh véi thye nghiém

Két qua mo phong bang phan mém Design expert 7.1 dé tinh toan cac hé s6 anh huong
cua tu:ng yeu td 1én tir do bao hoa Mq cua hat nano tir Co,Fe;. 0,4, dugc thé hién trong bang
1. Két qua cho thiy, cac yéu td co hé sé anh huong duong va dat gia tri 16n s& anh huong
nhiéu hon & mic cao téi tir dd bdo hoa. Nguoc lai, cac yéu t6 c6 hé sb anh huéng am va
nho thi anh huong nhidu hon & mic thap dén két qua thi nghiém

S6 liéu trong bang 1 ciing cho thdy, nong d6 NaOH, ti 18 so mol ion Co*"/Fe’" va nhiét
do c6 anh hudng nhleu nhit dén gia tri tir do bao hoa M; cua mau v4i mirc ¥ nghia o = 0,05.
Do d6, 3 yéu t6 1a ndng 6 NaOH, ti 1 s6 mol ion C02+/Fe3+ nhiét d6 nung dugc lya chon
dé t6i uu hoa sir dung phuong phép dap ing bé mat theo mé hinh thiét ké Box-Behnken.

Ngoai ra, cac két qua tinh toan tir mé hinh thu duoc gia tri tir d6 bdo hoa M (emu/g)
thay doi tir 9,16 emu/g dén 43,66 emu/g (thé hién trong bang 2). Két qua nay ciing gan
dung v6i gid tri tir d bao hoa do dugce cua cac mau thyc nghiém bién thién tir 9,36 emu/g
dén 42,89 emu/g, thap nhét ¢ thi nghiém thir 12 va cao nhat & thi nghiém 9.

Qua trinh thue nghiém duoc thuc hién theo m6 hinh Box-Behnken dua trén cac yéu td
anh hudng 16n nhat dén gia tri M, cua hat nano tir CosFe; (O, Ket qua thuc nghiém va tinh
toan mo hinh dugc the hién trong bang 3, 4 va hinh 1, 2.

Bing 3. Bj tham s6 cdc yéu t6 ding dé toi wu héa sir dung
phuwong phap dap wng bé mdt theo mo hinh Box-Behnken.

£ X " . Mirc
Yeéu to Tén Pham vi 1 0 1
X, Tilg Co™ Fe™ 0,5-0,8 0,5 0,65 0,8
X, Nong d6 NaOH~ M) 0,5-4 0,5 2,25 4
X5 Nhiét d6 nung mau (°C) 300 - 600 300 450 600
Bdng 4. Qua trinh thuc nghiém theo mé hinh Box- Behnken.
Thi nghiém Bién M (emu/g) _
X X, X3 Thuc nghiém Mo hinh
1 -1 -1 0 29,44 26,62
2 +1 -1 0 45,76 44,90
3 1 +1 0 31,26 31,08
4 +1 +1 0 49,80 49,36
5 -1 0 -1 36,28 36,45
6 +1 0 -1 55,32 54,73
7 -1 0 +1 40,07 43,57
8 +1 0 +1 59,97 61,85
9 0 -1 -1 39,65 41,75
10 0 +1 -1 43,56 46,21
11 0 -1 1 47,26 48,87
12 0 +1 +1 55,37 53,33
13 0 0 0 60,06 58,70
14 0 0 0 61,50 58,70
15 0 0 0 58,85 58,70
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Hinh 1. Puong cong tir do bdo hoa ciia mau hat Co,Fe; 0, ¢ cdc n&ng do NaOH (a),
ti 1é 56 mol ion Co”*/Fe’™ (b) va ¢ nhiét dg nung (c) khdc nhau.
Ghi chu: Cac mng M2, M13, M3 tuong ting voi néng do NaOH lan lwot ]d 0,5M;
2,25M va 4M; cac mau M1,~M15, M4 twong ung voi ti 1é¢ so mol ion (702+/Fg3+ lan luot la
0,5, 0,65 va 0,8; va cac mau M5, M14, M7 twong wng voi nhié¢t do nung lan lwot la 300

°C, 450 °C va 600 °C.

S lieu bang 2 cho théy, gia tri tir 40 bao hoa ctia mau hat Co,Fe;.,O, dat cuc dai b'fmg
61,85 (emu/g) tai thi nghiém 8 (M8) véi ti 1& s6 mol ion Co**/Fe** 1a 0,8; ndng d6 NaOH
dat 2,25M va nhiét d6 nung mau 1a 600 °C.

Trong khi do, cac Kkét qué thuc nghiém cho théy, cac mau hat nano Co,Fe; O, dat gia
tri tr 0 bdo hoa cuc dai 61,50 (emu/g) tai thi nghiém s6 14 (M14) voi ti 1€ sd mol ion
Co*'/Fe** 14 0,65, ndong d6 NaOH dat 2,25M va nhiét d6 nung mau la 450 °C.
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Hinh 2. Po6 thi bé mat déap vmg biéu dién sw tic déng ciia cdp yéu t6 (AB), (AC), (BC) va
mirc d6 mong muon dén gia tri M, cua hat.
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Hinh 2 thé hién su tuong tac ciia tung cap yéu tb dua trén bé mit dap Gmg va mirc do
mong mudn, di x4c dinh duogc gia tri tdi wu cua timg yéu t6 1am cho ham dap tng cuc tiéu.
Mo hinh dy doan gia tri tir 46 bdo hoa M, (emu/g) dat cuc dai tai nhiét d6 nung mau (570
°C), ndng d6 NaOH (3M) va ti 1¢ Co¥/Fe™ (0,5), va gia tri tir 46 bao hoa M; thu duogc 1a
63,67 emu/g. Trong khi do, mau hat nano Co,Fe;. O, dugc ché tao tir thuc nghiém véi bd
thong s6 tbi uu trén dat gia tri tir 6 bao hoa 1an luot 1a 62,14 emu/ g va 60,03 emu/g tuong
{mg vé6i lyc khang tir H, thip 11 Oe (miu M_opt duong mau dé) va 32 Oe (mau M_opt
dudng mau xanh) (hinh 3).
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Hinh 3. Duong cong twr do bdao hoa cua hat Co.Fe;..O, thuc nghiém.

S liéu bang 5 cho thiy két qua phan tich sy phi hop va c6 ¥ nghia ctia mé hinh véi
thuc nghi€m. Sy c6 y nghia ctia cac hé s6 hoi quy duogc kiém dinh boi chuén F, vé6i cac gia
tri p < 0,05 cho biét cac hé s6 hdi quy co y nghia. Nhu vy, bang 5 cho thay gia trj tri
“Model- F-value” 1a 38,17. Két qua phan tich ANOVA cho thiy gia tri R* 14 0,9857 (R-
Squared) & bang 3 gan bang 1 va gia tri R* hidu chinh 13 0,9598 chung t6 gi4 tri tir 46 bdo
hoa thu duogc tir thuc nghiém gﬁn voi dy dodn cia m6 hinh. Ty I¢ tin hi¢u so vé&i nhiéu 1a
18,582 > 4 chi ra rang tin hiéu da déy du.

Tur cac gia tri phan tich c6 nghia trén, gid tri ham mong doi duoc phén mém DX7 dua
ra duoc biéu dién theo phuong trinh (2):

Y =60,14 + 9,14A +223B+3,56C +0,56AB +0,053AC + 1,05BC—9,73A>~ 11,34B*~2,34C>  (2)

trong d6, Y 1a gid tri tir 46 bio hoa mong doi; A, B, C lan luot 1a ndng do NaOH, ti 1¢ s6
mol ion Co*"/Fe’" va nhiét 6 nung.

Bing 5. Két qua phan tich ANOVA t6i wu qud trinh tong hop cdc yéu 1o.

Yéu t6 Gia tri F Gi4 tri p prob>F
M5 hinh 38,17 0,0004° Tin cdy
A 144,96 <0,0001° Tin ciy
B 8,66 0,0321° Tin cay
C 22,02 0,0054° Tin cdy
AB 0,27 0,6274 Khéng dang ké
AC 0,0024 0,9629° Khong dang ké
BC 0,96 0,3732° Khong dang ké
A’ 75,78 0,0003* Tin cay
B? 102,97 0,0003" Tin cay
Cc’ 4,37 0,0909 Khong dang ké
R*=0,9857; R? hicu chinn = 0,9598
4. KET LUAN

Téi wu hoa cac diéu kién téng hop hat nano CosFe;.,0, bang phuwong phap thuy nhiét 1a
mot diéu vo cung quan trong, gitp chiing ta tict kiém thoi gian, chi phi nghién ctu va dat

Tap chi Nghién ciru KH&CN quan su, S6 66, 4 - 2020 159



Hoa hoc & Ky thudt moi truong

dugc két qua mong doi tot nhat. Tir 11 yéu td ban déu c6 anh huong dén sy hinh thanh hat
nano CoFe;.,O4 dd sang loc va chon dugce 3 yéu t6 c6 anh hudng 16n nhét dén tir d6 bao
hoa ciia mau thu dugc 1a ndng d6 NaOH (3M), ti 1& s6 mol ion Co**/ Fe** (0,5) va nhiét do
nung mau (570 °C). Két qua thyc nghiém da thu dugc gia tri tor 4§ bao hoa M 1a 62,14
emu/g va 60,03 emu/g twong tmg véi luc khang tir H, thap 11 Oe va 32 Oe. Dong thoi,
cong cu thiét ké thi nghiém t6i wu da yéu t6 cua Plackett-Burman va mé hinh t&i wu hoa st
dung phuong phap dap tng bé mit duoc xem 13 nhitng cong cu manh gitp cho viéc sang
loc va téi uu hoa cac yéu tb thi nghiém dé dat ham dép tmg cuc dai.

Loi cam on: Nhém tdc gia cam on sw tai tro vé kinh phi ciia dé tai ma sé: B2019-TDV-03 (L.T.T).
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ABSTRACT

OPTIMIZATION OF SYNTHESIS CONDITIONS
FOR CoFe; 04 NANOPARTICLES USING PLACKETT-BURMAN DESIGN
AND RESPONSE SURFACE METHODOLOGY (RSM)

In this paper, we optimize the parameters for hydrothermal Co.Fe;,0,
nanoparticles synthesis using the Plackett-Burman experimental design and the
Box-Behnken design with response surface methodology (RSM). Our results showed
that the temperature (°C), the NaOH concentration (M) and the Co’'Fe’" ion molar
ratio were identified as significant factors. After screening, these factors were
subsequently optimized using the Box-Behnken design with response surface
methodology. These optimal levels were found out temperature (570 °C), NaOH
concentration (3M) and ion molar ratio Co’”Fe’" (1:2) in which the highest
saturation obtained 63.67 emu/g at room temperature. This model was tested
experimentally, the saturation magnetization (My) was 62.14 emu/g and 60.03
emu/g corresponding with the low magnetic force (H,) of 11 Oe and 32 Oe. The
magnetic properties of the samples were characterized by the vibrating sample
magnetometer (VSM). Our results also indicated that the Plackett-Burman
experimental design and the Box-Behnken design with response surface
methodology are a suitable tool in order to optimize the parameters for
hydrothermal Co.Fe;..O, nanoparticles synthesis.

Keywords: Nanoparticle Co,Fe;,O,4; Hydrothemal; Plackett-Burman matrix; Response surface methodology
(RSM); Saturation magnetization (M).
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