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TOM TAT

Trong nghién cuu nay, Al(IIl), Ni(Il) va Mg(Il) tir dung dich gia hoa
tach HCI ciia xiic tac thai steam reforming dwoc thu hoi lan heot bang
phirong phap két tiia chon loc. Anh hwéng ciia cdc yéu to dén hiéu sudt
thu héi kim logi ciing dwge khdo sat. Két qua nghién ciru cho thdy
>99,0% Al(IIl) dwoc thu hoi ¢ dang y-ALOs voi do tinh khiét 95,5%
sau khi duoc két tiia boi NayCOs, ¢ diéu kién pH 6,8, 80°C, 30 phiit va
nung ¢ 500°C trong 2 gio. Tiép theo, >99,9% Ni(ll) tir dich loc chira
Mg(Il) dwgc két tiia dén Ni(OH);NiOOH béi NaClO ¢ pH 8, ty ¢ mol
1:2 ciia Ni(II):NaClO, 30 phit, 30°C va dg tinh khiét ciia két tiua la
98,5%. Trong khi d6, hiéu qua két tia NiS la thdp, chi dat <20% khi
1y 16 mol Ni(Il):NasS la 1:4. Cudi ciing, ~100% Mg(I) duoc két tia
dén Mgs(CO3)(OH),(H,0), ¢ diéu kién tp 16 mol 1:1 cia
Mg(1l):Na,COs, pH 10, 30°C. Quy trinh thu héi cac hop chdt Al, Ni va
Mg tir xiic tdc thai da dwge dé xudt, tao tiém nang trong linh viee phan
kim va tai ché kim logi c6 gid tri tir cdc nguon thai thir cdp.

Tir khoa: HCI, két tua, nickel, xuc tdc thai steam reforming

ABSTRACT

In this study, Al(IIl), Ni(Il), and Mg(ll) from the HCI synthetic solution
of spent steam reforming catalysts were recovered by selective
precipitation. The influence of factors on metal recovery efficiency was
also investigated. The results showed that > 99.0% of Al(Ill) was
precipitated as y-Al20s with a purity of 95.5% using Na:COs under the
following conditions: pH 6.8, 80 °C, 30 min, followed by calcination at
500 °C for 2 hour. Subsequently, >99.9% of Ni(ll) from the filtrate
containing Mg(Il) was precipitated to Ni(OH),>NiOOH by NaClO at pH
8, a Ni(ll):NaClO molar ratio of 1.2, 30 minutes, 30°C, and the purity
of the precipitate was 98.5%. Meanwhile, the precipitation efficiency of
NiS was low, reaching <20% at a Ni(Il):Na>S molar ratio of 1:4.
Finally, ~100% of Mg(ll) was precipitated to Mgs(CO3)4(OH):(H20)4
under conditions of a Mg(Il):Na;COs molar ratio of unity, pH 10, 30 °C.
A process for recovering Al, Ni, and Mg compounds from spent catalysts
has been proposed, creating potential in the field of metallurgy and
recycling of valuable metals from secondary waste sources.

Keywords:
catalyst

HCI, precipitation, nickel, spent steam reforming
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1. GIOI THIEU

Trong nhimng nam gan day, nhu cau ddi voi kim
loai ngay cang tang, dac biét la cac kim loai quy,
chién luoc (nhu nickel (Ni), cobalt (Co), platinum
(Pt), palladium (Pd)) trong cac nganh cong nghiép
nhu xuc tac, hoa chit, luyén kim, dau mo,... Hon
nira, sy can kiét dén cac nguén khoang san dan dén
nguy co gian doan ngudn cung ng va tang gia thanh
nguyén li€u trong tuong lai (Gerst & Graedel, 2008;
Watari et al., 2021). Do dé, viéc thu hdi kim loai tir
cc ngudn thir cAp nhu xic tac thai, pin thai, chét
thai dién tu,... dugc xem la mdt gidi phdp san xuat
bén viing, gitip quan 1y va str dung hiéu qua ngudn
tai nguyén kim loai (Yang et al., 2011).

Xiic tac thai tir cac nguon cong nghiép dugc xem
la mot trong nhimg nguon kim loai thi cép quan
trong do chira nhiéu kim loai gia tri véi ham luong
cao (Wen et al., 2023; Deng et al., 2025). Mat khac,
xuc tac thai dugc phén loai la chét thai ran nguy hai
do chira nhiéu kim loai nang, doc hai va co thé gay
6 nhiém néu khong duoc xtr Iy hay quan 1y chit ché
(Wen et al., 2023). O Viét Nam, luong 16n xtc tac
thai tir cic nha may nhu loc dau, san xuat phan bon,
hay hoa chat phat sinh hang nim va duoc xur 1y chii
yéu 1a chon 14p (Xuan et al., 2016). Trong khi do,
cac nghién ciru vé thu hdi kim loai tir xuc tac thai 1a
coOn rat han ché (Marafi & Stanislaus, 2008). Do do,
viée tai ché kim loai tir x{ic tc thai 1a rat can thiét,
mang gia tri cao vé kinh t& va méi truong.

Nhin chung, dé thu hoi kim loai tir xtc tac thai,
nhiéu phuong phap da duogc ap dung nhu thuy luyén,
nhiét luyén va sinh luyén. Trong d6, cac quy trinh
dwa vao thuy luyén 1a duge st dung phd bién do co
nhiéu wu diém nhu it tiéu ton ning lugng, d& vén
hanh, thu hdi hiéu qua kim loai voi d tinh khiét cao
(Dzulkefly et al., 2002; Idris et al., 2010; Lee et al.,
2010; Nguyen & Lee, 2021). Cac quy trinh thuy
luyén gdm cac budc nhu (1) hoa tach (leaching)
bang cac dung dich nudce (thuong 1a acid hodc kiém)
nhiam chuyén cac kim loai tir chat rin sang dang ion
trong dung dich; (2) phan tach, tinh ché va thu hoi
kim loai bang cac phuong phap nhu chiét dung moi,
két ta, trao ddi ion, loc mang va dién phéan
(Hindawi et al., 2025; Liang et al., 2022; Padamata
et al., 2020). Vi ru diém 1a d3 van hanh, it tén chi
phi, hiéu qua, han ché dung méi hitu co, phuong
phap két tiia van 1a k¥ thuat wu tién trong tai ché kim
loai so vai cac phuong phap khac. Tuy nhién, do
tinh chit va thanh phan phirc tap cua xuc tac, hiéu
qua cua qua trinh két tta chon loc phu thudc vao
nhiéu yéu t6 nhu thanh phan va ndng d6 kim loai,
loai tac nhan két tia, cac didu kién phan g nhu pH

107

dung dich, nhiét d9, thoi gian, sy hién dién cua cac
jon canh tranh hodc tc ché qua trinh két tua. Mdi
kim loai ¢6 xu huéng két tna & khoang pH riéng, do
d6 viée xac dinh va duy tri pH t6i ru 13 mot yéu cau
quan trong trong thiét ké quy trinh (Lee et al., 2010;
Mbamba et al., 2015). Tinh chon loc cua phuong
phép, tirc kha ndng nhéan dién va phan ung véi mot
ion kim loai nhat dinh trong hén hgp ma khong anh
huong dén cac thanh phan khac, dong vai tro thiét
yéu trong t6i wu hoa hiéu suit va do tinh khiét san
pham thu duoc. Vi dy, dimethylglyoxime (DMG) c6
kha nang tach riéng Ni(II) ra khoi dung dich chira
Ni(Il) va Zn(II) (Liao et al., 2012) hodc su dung
sodium phosphate tribasic (Na;POx) dé chon loc két
tia AI(III) trong hon hop cac ion Li(I), Al(III),
Co(Il) va Ni(Il) (Marcinov et al., 2024). Sodium
sulfide (Na>S) ciing 1a mot tdc nhan dugc st dung
phd bién, c6 thé chon loc két tia Co(IT) tir dung dich
chtra Co, Al va Mo (Hamza et al., 2019) hoac loai
b6 Ni(Il) khoi hdn hop gdm Ni(II), Fe(III), AI(III)
va Si(IV) (Sahu et al., 2005). Sau khi tach két tua ra
khoi dung dich bang phwong phap lang hoic loc, két
tua s€ duoc nung, rira hodc tinh ché dé thu hoi kim
loai mong mudn.

Trong nghién ctru trude, nickel (Ni) tir xtic thai
steam reforming chira ddng thoi nhom (Al) va magie
(Mg) da duoc thu hdi hoan toan qua hai budc gom
hoa tach trong 3 M HCl ¢ 80°C trong 3 gio; (2) két
tia chon loc Ni(Il) tir dung dich hoa tach dén
Ni(DMG); bang DMG tai pH 4 véi 1& mol Ni(II):
DMG la 1:2 & nhiét @6 phong trong 30 phtt (Tran et
al., 2025). Két tua, Ni(DMGQG); thu dugc c6 do tinh
khiét >99,0%. Mic du, Ni(II) tir dung dich hoa tach
HCI da duoc thu hdi hiéu qua nhung viéc str dung
mot tac nhan co gia thanh cao nhu DMG c6 thé anh
hudng dén chi phi ciia qua trinh van hanh. Ngoai ra,
AI(IIT) va Mg(II) tir dich loc van chua dugc nghién
ctru thu hdi. Do d6, cac nghién ctru tiép theo cho
thdy thu hdi hiéu qua cac ion kim loai nay la
can thiét.

Trong nghién ciru nay, viéc phan tach Ni(Il),
Al(IIT) va Mg(II) tr dung dich gia hoa tach HCI da
dugc nghién ciru bang phuong _phap két tha chon
loc. Trudce tién, Al(III) dugc két tia dén AI(OH);
béng tac nhan Na,COs. Sau do, Ni(IT) va Mg(Il) tir
dich loc sau khi két taa AI(III) duoc phan tach. Ca
tac nhan két tua Na,S va két tua oxy héa NaClO s&
dugc nghién ciru dé thu hoi chon loc Ni(II). Mg(II)
con lai trong dung dich loc cudi s€ dugce két tia dén
MgCO:;. Bé dat diéu kién két tiia tot nhat, anh huong
clia cac nhéan to nhu ty 1¢ tac nhan phan tmg, thoi
gian va nhiét d¢ s€ dugc khao sat. Hinh thai va ciu
tric cda cac san phém kim loai thu dugc ciing s€
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dugc phan tich. Két qua nghién ciru mo ra huong
tiép can day trién vong cho viéc phat trién quy trinh
thu hoi kim loai c6 gia tri tr xac tac thai cong
nghiép.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit va tac nhan

Dung dich gia hoa taich HCI chua cac ion kim
loai AI(III), Mg(IT) va Ni(I) dwoc diéu ché bang
cach hoa tan cac mudi kim loai tuong tmg ciia chiing
nhu aluminum chloride hexahydrate (AlCl3.6H,0,
97%), magnesium chloride hexahydrate
(MgClL.6H>O, 98%) wva nickel chloride hexa-
hydrate (NiCl.6H,0, 98%) trong nudce cét va sau d6
dugc didu chinh dén pH 2 bang dung dich
hydrochloric acid (HCI, 37%) dé tranh giam ndng
d6 do phén tmg hydroxo hoéa ion kim loai (M(OH)y).
Nong d6 cua cac ion kim loai trong dung dich gia
hoa tach HCI duogc trinh bay trong Bang 1. Cac tac
nhan két tia va diéu chinh pH nhu sodium carbonate
(NaxCOs3, 99,7%), sodium sulfide nonahydrate
(Na»S.9H,0, 98%) va sodium hypochlorite (NaClO,
8%) va sodium hydroxide (NaOH, >96%) dugc st
dung dé phén tach cac ion kim loai. T4t ca cac hoa
chat dugc cung cép tir Xilong Scientific Co., Ltd,
Trung Qudc; ngoai trir, NiCl,-6H,O tir Shanghai
Zhanyun Chemical Co., Ltd, Trung Quéc. Tét ca cac
hoéa chét duoc str dung truc tiép ma khong can tinh
ché.

2.2. Quy trinh thi nghiém va phuong phap

phén tich

Quy trinh thi nghiém chung: Céc thi nghiém két
ta kim loai dugc thyuc hién trong cdc thiy tinh trén
may khudy tir két hop vai gia nhiét (ARE Velp, Y).
Dung dich chira tac nhan két tia & ndng do thich hop
vira dugc thém tir tir, cham, vira khudy déu vao dung
dich gia hoa tach HCI hodc dich loc chtra ion kim
loai dén khi thém hoan toan. Hon hop phan tmg
duogc thyc hién ¢ pH, nhiét do va thoi gian thich hop
va khudy déu. Sau thoi gian phan tng, két tia dugc
loc, rira nhiéu 1an véi nudc cat dé loai bo cac tap
cht dén khi pH dich lgc trung tinh. Két tia sau khi
rira duoc sy trong ti siy dén khi khdi lwong khong
ddi dé loai bo am. pH dung dich duoc theo ddi bang
may do pH (Thermo Scientific Orion Star A211,
M¥). Nong d6 kim loai trong dung dich nudc duge
do bang phwong phap quang phd phat xa plasma
cam ung (Inductively Coupled Plasma — Optical
Emission Spectrometry - ICP-OES, iCAP™ PRO X
ICP-OES, Thermo Fisher, My). Phan tram két tua
kim loai (%P, wt/wt) dugc tinh theo cong thirc (1).
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m m
%P = — x 100% (1)

i
Trong d6, m; vam lan luot la khdi luong kim loai
trong dung dich trudc va sau khi két tda.

Phan tich ddc tinh ciia két tia: Piac tinh cAu trac
va hinh thai cua két tia dugc xac dinh bang phuong
phép nhiéu xa tia X (X-ray Diffraction-XRD, D8-
Advance, Bruker, Puc) va hién vi dién tir quét
(Scanning Electron Microscopy - SEM, JCM 7000,
JOEL NeoScope, Nhat Ban).

Xdc dinh dé tinh khiét ciia két tia: Mot luong két
tua dugc hoa tan hoan toan trong dung dich 5% (v/v)
HNO:; va dinh lugng bang phuong phép ICP-OES.

Mbi thi nghiém duoc lap lai ba 1an véi sai s6 dao
dong trong khoang 5%.

3. KET QUA VA THAO LUAN

3.1. Két taa chon loc AI(III) tir dung dich hoa
tach chira Ni(IT) va Mg(1I)

Nhu duoc trinh bay & Bang 2, két tua hydroxide
ctia AI(IID), Ni(IT) va Mg(II) c6 thé dat dugc boi diéu
chinh pH dung dich. Theo cac bao céo trudc day,
AI(III) ¢6 thé duoc két tia hoan toan dén AI(OH);
tai pH ~7,0 va sau d6 két tia tan dan khi pH tang;
trong khi d6, Ni(II) va Mg(II) bat dau két tia dén
Ni(OH), va Mg(OH), lan luot & pH 8,15 va 9,80
(Baes & Mesmer, 1976; Déavila-Pulido et al., 2021;
Lekhlif et al., 2014; Speight, 2005b). Diéu nay cho
thiy rang két taa chon loc AI(IIT) tir dung dich hoa
tach chira Ni(IT) va Mg(II) ¢6 thé dat dugc bang cach
diéu chinh pH dung dich. DPé han ché su hoan tan
nguoc cua két tia AI(OH); va lam giam hiéu suét
thu hdi khi st dung base manh nhu NaOH, trong
nghién ctru nay dung dich Na,CO3 5%wt da dugc
nghién ctru lam tac nhan két tiia AI(IIT) tir dung dich
hoa tach HCI chira AI(III), Ni(II) va Mg(II). Nham
thiic ddy qué trinh chuyén hoa két tua keo Al(OH)3
thanh tinh thé boehmite AlO(OH), tao diéu kién
thudn loi cho viéc thu hdi va han ché dugc su hip
phu cua céc ion phu khéc, phan ung dugc thuc hién
& 80°C va khudy déu ¢ téc d6 khudy 500 rpm
(Shoppert et al., 2023). Két qua nghién ctru cho thiy
rﬁng, >99,6% AI(III) da duoc két toa & pH 6,8 trong
30 phut; trong khi Ni(II) va Mg(II) lan luot 12 1,8%
va 12,2%. Két qua dugc trinh bay & Bang 1 cho thdy
ndng do cua ion kim loai truéc va sau khi két tia
Al(IIT) boi NaxCO:s.

Trong dung dich nuéc cac ion COs> bi thity phan
thanh OH", H,CO3 va HCOj5" tai pH <9.0 va khong
hinh thanh két tia carbonate véi cac kim loai nhu
Ni(Il) and Mg(Il) (Zosel et al., 2011). Do do, su
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giam ndng do cua Ni(II) va Mg(IT) sau phan tng két Dé chuyén hoa két tia AI(IIT) thanh y-ALO3, két
ta c6 thé 1a do sy hip phu cac ion kim loai vao két tia AI(OH); sau khi loc dd dugc sdy va nung &
tua keo cua AI(II). Ngoai ra, sy hinh thanh CO» 500°C trong 2 gi¢ (Toledo-Chavez et al., 2016).
cling dugc quan sat trong qua trinh phan tmg. Két Nhu duoc trinh bay ¢ Hinh 1, san phim c6 mau

qua nay hoan toan phu hop véi nghién ctru trude day trang va hinh thai dang da phién. Céu truc lap
khi tién hanh két tua Al(IIT) bang Na,CO; (Marinos phuong (cubic) cta tinh thé y-ALO; ciing x4c nhan
et al., 2021). Do d6, phan tng két tia Al(II) boi bdi phan tich XRD véi cac peak déc trung phu hop
dung dich Na;COj3 duogc trinh bay nhu sau: voi dit liéu da duge bao cao cia JCPDS 29-0063

(Joint Committee on Powder Diffraction Standards).
2AICI; + 3NaxCOs + 3H20 = 2AI(OH)3) +

6NaCl + 3COs(2) @)
2Al(OH)3= ALO3 + 3H,0 3)
Bing 1. Nong d9 cac ion kim loai trong dung dich gia hoa tich HCI va sau phan g véi Na;CO3 5%wt
Nong dd kim loai (mg/L) AI(TIT) Mg(IT) Ni(IT) pH
Gia hoa tach 1086,2 360,3 286,9 2,0
Sau hoa tach 4,2 316,1 281,5 6,8

Bang 2. Cac phén ing tao phirc hydroxo caa AI(III), Ni(II), va Mg(II) va gia trj tich s6 tan Ksp cia cac
két tia hydroxide kim loai é 25°C

Cac phan ing Tich s6 tan, Ky, Cac phan ing Tich s6 tan, Ky,
AP+ OH = AIOH** - NiOH" + OH™ = Ni(OH)x); 3,310
AIOH?*+ OH" = Al(OH)," - Ni(OH)y) + OH = Ni(OH);" -
Al(OH)"+ OH = Al(OH)3) 4,6x103 Ni(OH);+ OH" = Ni(OH)4** -
Al(OH)3+ OH™ = AI(OH)4 - Mg?" + OH" = MgOH" -
Al(OH)4 + OH = Al(OH)s* - Mg(OH)" + OH = Mg(OH)xs) 5,6x10712

Ni** + OH = NiOH" -

= Mgs( CO;),(OH),(H,0),

Cuong do, a.u.

20, do
Hinh 8. Két tia (a), anh SEM (b) va gian d6 XRD (c) ciia Mgs(CO3)s(OH)2(H20)4
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Nhu vay, AI(IIT) tir dung dich hoa tach HCI chira
ddng thoi Ni(IT) va Mg(IT) da duoc thu hdi ¢ dang
y-ALO; bang phuong phap két tua chon loc boi
NaxCO;3 5%wt & didu kién 1a pH 6,8, 80°C, 500 rpm,
va 30 phit. Do tinh khiét ctia hop chit y-ALO; thu
duoc 1a 95,5%. Vi lugng Al(III) con lai trong dich
loc rat nho (4,2 mg/L) nén trong cac nghién ciru vé
thu hoi Ni(IT) va Mg(II) tiép theo, AI(III) s& khong
dugc dé cap.

3.2. Két tia Ni(II) tir dung dich chira Mg(II)

sau khi hoa tach AI(III)

Nong do Ni(II) va Mg(II) trong dich loc sau két
tua AI(III) lan luot 1a 281,5 mg/L va 316,1 mg/L va
gi4 tri pH 1a 6,8. Vi pH dé két taa hydroxide cua
Ni(II) va Mg(II) kha gan nhau nén viéc phan tich
hai kim loai béi diéu chinh pH 1a khé dat dugc. Cac
nghién ciru da chi ra rang Ni(II) c6 thé két tua dén
nickel(Il) sulfide NiS (NiS, Ky, =3x102! ¢ 25°C)
hodc bi két tua oxy hoéa dén cac nickel(III) oxide
(Ni203 hodac NiOOH), trong khi Mg(II) khong co
cac dic tinh két tia nay (Ho et al., 2025; Speight,
2005a). Do do, cac nghién ciru két tia chon loc
Ni(II) ¢ dang sulfide va oxide tir dich loc chira
Mg(1I) duoc thyuc hién.

3.2.1. Két tiia nickel sulfide

Dé két tua Ni(II) dén NiS tir dich loc chira Ni(II)
va Mg(Il), Na,S da duogc sir dung nhu ngudn cung
cép sulfide. Anh hudng ctia ty 1& mol cta Ni(II) véi
Na,S 18n hiéu suét két tua duoc khao sat tir 1:2 dén
1:4. Cac phan tng dugc tién hanh vé6i sy ¢b dinh pH
ban dau 6,8, nhiét do phong (30 + 1 °C) va thoi gian
phan tng 60 phut . Két qua duoc thé hién ¢ Hinh 2
cho thdy ring phan tram két tua Ni(II) tang tir 6%
dén 17% va pH dung dich ciing ting nhe tir 6,8 dén
7,8 khi tang ty 1€ mol ctia Ni(IT):Na,S tur 1:2 dén 1:4.
Trong khi 6, Mg(IT) hau nhu khong bi két tiia & cac
diéu kién thi nghiém. Mic du, Ni(IT) ¢6 thé thu hdi
chon loc thong qua két tiia dén NiS nhung hiéu suét
két tua thap. Két qua nay duoc cho 1a cac ion S &
pH thi nghiém do bi thity phan nén ton tai cha yéu &
dang HS va lam giam sy hinh thanh két tia NiS
(Hille et al., 2005; Jerroumi et al., 2020). Viéc tang
luwong Na,S hoac pH dung dich ¢ thé lam tang ion
S lam tang hiéu qua két tua Ni(IT) nhung ddng thoi
ciing ting chi phi cho qué trinh thu hdi va c6 thé lam
giam do tinh khiét ctia san pham NiS do sy dong két
tua Mg(OH).

S* +H,0=HS +OH  ;pKu=129 (4
HS +H0=H,S+OH  ;pKa=7.0 (5
t+8=NiSs  ;Kp=3x102"  (6)
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Nhu vay, phuong phap phan tich Ni(Il) va
Mg(II) thong qua két tia chon loc Ni(II) dudi dang
NiS béng Na,S khong dat hi€u qua cao. Vi vay, viéc
sir dung cac tac nhan két tua khac dé thu két tua
Ni(II) s& dugc tiép tuc nghién ciru trong giai doan
tiép theo.

50
NS

»
S
1

w
=3
1

)
=3
1

Phén tram két taa Ni(II), %

S
1
-

Lo

T T T
1:2 1:3

Ty 1¢ mol Ni(II):Na,S

Hinh 2. Anh huéng ty 1¢ mol Ni(I):Na:S dén
hi¢u suit két tia NiS (pH = 6,8, 60 phut, 30°C,
500 rpm)

3.2.2. Két tia oxy hoa nickel(Ill) oxide

Céc tac nhan oxy héa phd bién bao gdm hydro
peroxide  (H»0,), potassium  permanganate
(KMnOy), sodium hypochlorite (NaClO) va ozone
(03), c6 thé dugc sir dung dé oxy hoa Ni(IT) dén két
taa Ni(Ill) nhu nickel(Ill) oxide (NiO3) va
nickel(I1I) oxyhydr0x1de (NiOOH) (Wen et al.,
2024). Xét vé chi phi, diéu kién phan tmg thich hop
va kha nang khir cua céac tdc nhan oxy hoa, NaClO
1a Iya chon cho nghién ciru nay. Thé khir va ban
phan ung oxy khu cia cac ion tai 25°C dugc trinh
bay ¢ phuong trinh (7)-(9) (Shih et al., 2018;
Speight, 2005b) cho thay hiéu sudt két tua phu thudc
vao cac yéu to nhu pH, ty 16 mol Ni(II):NaClO, thoi
gian va nhiét d6 da duogc nghién cuiru.

Ni;O; + 6H" + 2e = 2Ni*" + J E°=

3H,0 1753y
Ni(OOH) + HO + e = .
Ni(OH); + OH" E=049V (8)

ClO + H;0 + 2e = CI'+ 20H" ; E°= 0,89V (9)

Dé xem xét anh huéng cia tac nhan oxy hoa dén
hiéu qua két taa Ni(III) tir dich loc chira Mg(1D), ty
1¢ mol ciia Ni(II):NaClO duoc thay ddi tir 1:1 dén
1:3. Cac phan ung s€ dugc thuc hién tai pH 8,0 &
nhiét d¢ phong (30£1°C) trong 30 phut véi toc do
khudy 500 rpm. Nhu dugc trinh bay & Hinh 3, phan
tram két taa Ni(IIl) ting khi ting lugng tac nhan
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NaClO, trong d6, Ni(II) két tua gan nhu hoan toan
(99,7%) & ty 1€ mol Ni(II): NaClO la 1:2. Ngoai ra,
su tang nhe pH cua dung dich sau phan ung tur 8,2
dén 8,9 ciing dugc quan sat. Sy thay phan CIO" tao
ra OH" ¢6 thé phan tmg trung hoa H* va lam ting
pH, thiic day phan g oxy héa Ni(II) thanh Ni(III)
theo nguyén ly chuyen dich cén bang Le Chatelier
va gitip On dinh san pham két tiia. Mt khac, su dong
két tiia ciia Mg(1I) ciing khong dugc quan sat & didu
kién thi nghiém, cai dugc cho la pH dung dich chua
di dé hinh thanh két tia Mg(OH), (pH>9,5)
(Davila-Pulido et al., 2021; Salleh et al., 2015). Tu
két qua dat dugc, ty 16 mol Ni(I):NaClO tét nhat
cho két taa Ni(III) 1a 1:2.

S8 Két taa Ni(IIT)
100

F

80

60

40 4

Phin tram két taa Ni(II), %

20

1:2
Ty 1¢ mol cua Ni(IT):NaClO
Hinh 3. }:‘nh hwéng cia ty 1€ mol Ni(II):NaClO
dén phan tram ket tia Ni(IIT) (pH = 8,0, 30
phit, 30°C, 500 rpm)

Dé khao sat anh huong ciia pH dén hiéu sudt két
tua Ni(Ill) va ngan can sy déng két tua Mg(OH)»
(pH~ 9,5), céc thi nghiém két tia duoc thyuc hién &
gia tri pH tir khoang 6,8 dén 9,0 voi sy ¢b dinh ty 1¢
mol Ni(II):NaClO ¢ 1:2, thoi gian phan tng 30 phut
& nhiét d6 phong (30+1°C) véi toe do khudy 500
rpm. Két qua ¢ Hinh 4 cho thiy phan trim két tua
Ni(Il) ting dang ké tir 14,8% dén 99,7% khi pH
dung dich tang tir 6,8 1én 8,0 va hau nhu khong do6i
khi tiép tuc ting pH. Su thay d6i pH trudc va sau
phan Gng la khong dang ké trong khoang 7,1 dén 9,1
(xem Bang 3). Két qua nay hoan toan phu hop véi
céc nghién ctru trude day vé sy 6n dinh cta két tia
NiOOH trong méi truong kiém (Fu et al., 2007;
Gallenberger et al., 2023). Tir két qua dat duc_rc, pH
8,0 duoc chon 1a diéu kién tot nhit cho két tia
nickel.

v/} Két tua Ni(1ll)

100

80

60

40

Phén tram két tua Ni(II), %

20

pH
Hinh 4. Anh hwéng cia pH dén phin trim két
tia Ni(III) (nnian:nnacio = 1:2, 30 phit, 30°C,
500 rpm).
Bang 3. Su thay déir pH dung dich truéc va sau
phén rng két tia Ni(I1I)

pH; 6,8 8,0 9,0

pHeq 7,1 8,5 9,1
*Ghi chii: pH; va pHeq la pH dung dich ban ddu va sau
phan ung.

[777) Két tua Ni(IIT)
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/I/
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Phan tram két tua Ni(II), %

204

30 45 60 75 90
Thoi gian phan (ng, phit

Hinh 5. Anh hwéng cia thoi gian dén phén trim

keét tda Ni(IID) (nnian:nnacio = 1:2, pH = 8, 30°C,

500 rpm)

Anh huéng cta thoi gian dén hiéu suit va sy 6n
dinh cua Kkét tua Ni(III), cac thi nghi¢m dugc thuc
hién trong khoang thoi gian tir 15 phut dén 90 phiit.
Céc diéu kién khac cua phan Gmg dugc ¢ dinh nhu
ty 1& mol Ni(I):NaClO 14 1:2, pH 8,0, toc d¢ khuay
500 rpm va & nhiét do phong. O Hinh 5, phan trim
két tua Ni(IT) tang tir 90 dén 99,7% khi ting thoi
gian phan tmg dén 30 phut. Viéc kéo dai thoi gian
phan tmg dén 90 phit, phan tram két tua Ni(Il) hau
nhu ting khong dang ké. Theo cac nghién ciru trude
day, qua trinh két tia thuong tuan theo quy tic
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Ostwald qua tung giai doan (Calmanovici et al.,
1997). O giai doan dau, cac pha két tua d& tan dugc
hinh thanh do tc do tao hat cham hon d¢ hoa tan
cua chung. Tiép theo 1a giai doan xuét hién cac hat
c6 do tan giam dan va d6 6n dinh tang 1én, tuong
ung voi khoang thoi gian 30 - 90 phit trong nghién
ctru nay (Giulietti et al., 2001). Tom lai, thoi diém
30 phut dugc xéac dinh 1a trang thai siéu bao hoa cta
hé, vira dam bao hiéu suét tdi wu, vira kiém soat tdt
qua trinh hinh thanh pha két tia 6n dinh.

Céc phan tng két taa Ni(IIT) duoc thuc hién &
nhiét 6 tir 30°C dén 70°C véi su ¢ dinh ty 1& mol
1:2 ctia Ni(II):NaClO, pH 8,0, téc d6 khudy 500
rpm, thoi gian 30 phat. Két qua dugc thé hién tai
Hinh 6 cho thay hiéu sudt két tia Ni(IIl) giam tir
99,7% xudng con 90,7% khi ting nhiét d6 phan tng.
Két qua nay 1a ph hop véi cac nghién ctru trude day
vé su phan huy ciia NaClO trong dung dich véi su
hién dién cua kim loai & nhiét do cao (Lister, 1956).
Do d6, 30°C dugc xem la khoang nhiét do t6t nhat

Cuong do, a.u.

Tir cac két qua dat duoc, diéu kién tot nhét dé két
tua chon loc Ni(IIT) tir dich lgc chira Ni(Il) va Mg(II)
st dung NaClO la 1:2 ty 1¢ mol cta Ni(II):NaClO,
pH 8,0, 30 phuat, & nhiét d6 phong vdi téc do khudy
500 rpm. O diéu kién tot nhat, hon 99,0% Ni(II)
dugc két tua dén Ni(III) voi 98,5% do tinh khiét. Két
tua nickel thu dugc dang bot, mau den, va co cAu
trac dang phién (Hinh 7a & 7b). Gian dd nhiéu xa
tia X (XRD) (Hinh 7c) x4c nhan rang két thu dugc
¢6 cdu tric 1a hdn hop cia Ni(OH),Ni(OOH) va c6
mirc d¢ két tinh cao, phil hop vdi béo céo ciia (Qin
etal.,2014). Nhu vay, Ni(II) da khong dugc oxy hoa
hoan toan dén Ni(IIl) ma tao thanh hén hop
composite cua Ni(OH), va NiOOH. Phan tng két
taa Ni(IT) boi NaClO c6 thé dugc viét nhu sau:

29, do
Hinh 7. Két tiia (a), anh SEM (b) va gian d6 XRD ciia két tia Ni(OH)2.NiOOH
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cho sur két tna Ni(III).
{5V : (b)
® Ni(OH),Ni(OOH)
Ni%* + OH" = Ni(OH), (10)
Ni(OH), + NaClO + H,0 = NiOOH + NaCl (an

+20H"

Nhu vy, viéc thu hdi chon loc Ni(Il) tr dung
dich chira Mg(II) thong qua két tua véi sulfide va
oxy hoa véi NaClO dat dugc. Tuy nhién, két tua
sulfide (NiS) 1a kém hiéu qua hon so véi két tia oxy
hoéa Ni(Il) d&én Ni(IIT); trong d6, Ni(Il) da dugc két
tia hoan toan dén Ni(OH),Ni(OOH) bang NaClO
v6i d tinh khiét cao.
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Hinh 6. Anh hwéng ciia nhiét d9 dén phan trim
két tia Ni(III) (nnian:nnacio = 1:2, pH = 8, 30
phiit, 500 rpm)
3.3. Két tiia Mg(II) tir dung dich lgc sau khi
tach AI(III) va Ni(II)

Sau khi phan tach AI(IIT) va Ni(II), dich loc con
lai chira 316,1 mg/L Mg(II) va pH dung dich 1a8.5.
Theo céc nghién ctru trude day, Mg(Il) co the dugc

két tia dén magnesium carbonate hydrate
(MgCO;3.xH,0) boi NaxCOs tai pH 10; day 1a loai
muoi magnesium carbonate da va dang dugc Umg
dung rong rai trong ché tao gidy, cao su, gbm str, my
pham, son, bét mau, myc in, chat danh bong, dugc
pham va lam tién cht dé didu ché céc héa chat gbe
magnesium khac (Apriani et al., 2019; Guo et al.,
2010). Két qua nghién ciru cho thay rang Mg(II) tir
dich loc da duge két tua hoan toan & ty 1€ mol 1:1
cua Mg(II):Na,COs, pH 10, nhiét d0 phong trong 30
phiit. Phan tng két tia ciing duoc trinh bay &
phuong trinh sau:

Mg?* + Na,COs = MgCOs + 2Na* (12)

Két tia MgCO; thu dwoc c6 mau tring, c6 dang
hinh cau, dong déu, duong kinh trong khoang 15-17
um (Hinh 8). Gian d6 XRD trong Hinh 8c cho thiy
két tiia thu dugc 1a Mgs(CO3)4(OH)2(H>0)4 v6i cau
trac tinh thé nghiéng, ph hop véi cac dit liéu da bao
cao (JCPDS Card 25-513). Hinh dang cac dinh
nhiu xa cho thdy san pham duogc két tinh t6t. Két
qua nay hoan toan phu hop véi bao céo truée day
(Zhang et al., 2007).

Bing 4. Cac tinh toan cin bang khéi lwong dbi véi cac kim loai & m8i buéc két tia tir dung dich gia hoa

tach HCI cua xic tac thai steam reforming

Qui trinh phan tich _ Diéu kién thi nghiém AI(II)  Ni(Il))  Mg(II)
]?é‘f}‘lg}f(‘;hbiif‘ ;fj‘ pH 2, mg/L 10862 2869 3603
e K&t tia AI(OH):: NaxCO3 5% wt, pH 6,8,
A s 80°C, 30 phut. Sau d6, két tia dugc nung dén
Phan tach I 4 ALOs & 500 °C trong 2 gio.
e Phén tram két tua, % 99,6 1,8 12,2
e Dich lgc sau tach AI(III), mg/L 42 281,5 316,1
A . e Két tia Ni(OH),"NOOH: 1:2 ty 1& mol cia
Phan tach NiIl) 11y Nac10, pH 8.0, 30°C. 30 phit.
e Phén tram két tua, % ~100  ~100 -
e Dich Igc sau cung, mg/L 0 0 316,1
A o Két tia Mgs(CO3)s(OH)2(H20)4: 1:1 ty 16
Phan tich Mg(ll) 1 ctia M(ID:NaxCOs, pH 10, 30°C, 30 phiit.
e Phan tram két tia, % ) ) ~100
Két qui e Phén tram thu hoi, % 99.6 98,2 ~100

o Do tinh khiét, %

95,5 98,5 >99.9
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(@

Cuong dg, a.u.

m Mg;( CO;),(OH),(H,0),

20,

do

Hinh 8. Két tia (a), anh SEM (b) va gién dd XRD (c) ciia Mgs(COs)s(OH)2(H:0)s

Tom lai, Al(IID), Ni(II), va Mg(1l) tur dung dich
gia hoa tach HCI da dugc phan tich thanh cong bang
phuong phap két tia chon loc. Hinh thai va cau trac
cua céac két tua thu duoc cling duoc xac dinh bé'mg
SEM va XRD. Nhu trinh bay trong Bang 4, hiéu suét
thu hoi va do tinh khiét ciia cdc hop chét kim loai tir
dung dich gia hoa tach HCI, theo quy trinh phén tach
bang phuwong phap két tia, duge xac dinh dwa trén
can bé“mg khéi luong. Tu cac Kkét qua dat dugc, mot
quy trinh thu hdi Al, Ni, va Mg tir xtic téc thai steam
reforming di duoc dé nghi.

3.4. Quy trinh thu hdi Al, Ni, va Mg tir xtc

tac thai steam reforming

Két qua dugc trinh bay ¢ Hinh 9 cho thiy quy
trinh thu hdi cac hop chét Al, Ni va Mg tir xtc tac
thai steam reforming. Trudc tién, cac kim loai tir xtic
tac thai duoc hoa tach hoan toan b?lng dung dich 3,0
M HCI & 80°C trong 3,0 gid' dé chuyén hoa hoan
toan kim loai thanh cac ion AI(II), Ni(Il), va
Mg(1D). Tiép theo, AI(IIT) tir dung dich hoa tach HCI
chtra Ni(I) va Mg(IT) dwoc két taa chon loc biang
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dung dich Na,CO; 5%wt tai pH 6,8 & 80°C va sau
d6 két tua AI(OH); duoc loc, sy va nung thu dwoc
san phém AlLOs. Dich lgc sau khi tach AI(IIT) chira
Ni(II) va Mg(II) dugc phén tach boi két tia oxy hoa
Ni(Il) dén Ni(Ill) ¢ diéu kién 12 ty 1& mol
Ni(II):NaClO tai pH 8,0 & 30°C. Cubi cing, Mg(1I)
dugc két tia dén MgCOs bang Na,CO; véi ty 16 mol
1:1 cia Mg(II):Na,COs 6 pH 10 tai nhiét d phong.
Quy trinh cho th?iy nhiéu thuan loi trong viéc thu hoi
kim loai tir xtic tac thai cong nghiép nhu hi€u qua
phan tach va thu hdi cao; quy trinh don gian, d& thuc
hién, tiét kiém nang lugng do cac phan img déu thuc
hién & nhiét d6 phong va thoi gian phan tmg ngén;
cac tac nhan két tia co sin, chi phi thip; than thién
mdi truong do khéng st dung dung mobi hiru co.
Ngoai ra, quy trinh ciing cho thay su linh hoat v&i
cac didu kién thyc nghi€ém nhu pH, lugng tac nhan
d& thay d6i va c6 thé tich hop véi cac quy trinh khac
(vi du nhu chiét dung méi, dién phan, trao d6i
ion,...); nang cao hiéu qua tai ché kim loai. V&i
nhimg wu diém ciia minh, quy trinh c6 thé xem xét
g dung trong thyc té trong tai ché cac kim loai tir
xuc tac thai hodc cac nguén bac hai khac.
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Xiic tdc thai stearm
reforming chira
(AL2O3, Ni, Mg0)

Héa tich bai 3,0 M HCI
& 80°C trong 3,0 gic

|

Dung dich héa tich
chira AIIII), Ni(IL),

Meg(IT)

(1) Thém Na;CO; 5%wt
tai pH 6,8 ¢ 86°C.
(2) Loc thu két tia

Dich loc chira Ni(IT)
va Mg(II)

A 4

A J L J

(1) Thém NaClO véi ty Ié mol Ni(II):NaCIlO
= 1:2 tai pH 8,0 & 30°C.
(2) Két tha duvc loc, siy

¥

[ K#ét tia AI(OH): ]

(1) Sdy
(2) Nung

-

Dich loc chira Mg(II) ]

[

[ San phim NiOOH ]

[ San phi’im AlOs ]

(1) Thém Na;CO; vai & I mol Mg(I1):Na,CO;

=1:1, tgi pH 10,0 & 30°C.
(2) Két tiua duoc loc, sdy

[ Sin phidm MgCOa ]

Hinh 9. Quy trinh thu hdi Al, Ni, vd Mg tir xtic tac thai steam reforming

4. KET LUAN

Nghién ctru phan tach chon loc AI(IID), Ni(I) va
Mg(II) tir dung dich hoa tdch HCI cua xtic tac thai
steam reforming bang phuong phap két tia da duoc
kham pha. Hon 99,6% AI(III) tir dung dich hoa tach
duoc két chon loc dén Al(OH); bdi NaxCO3 5%wt
tai pH 6,8 & 80°C va dugc thu hdi dén y-ALOs sau
khi nung ¢ 500°C trong 2 gio. Sau do, Ni(II) tir dich
loc sau khi tach AI(III) chira Mg(II) dugc két tia dén
NiS boi Na,S va oxy hoa dén Ni(IIT) boi NaClO. Ca
hai tic nhan déu cho thdy kha ning két tiia chon loc
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Ni(II) nhung hiéu suét két taa NiS thap. Trong khi
d6, Ni(Il) dugc két tua hoan toan dén véi do tinh
khiét trén 99,7% & didu kién tot nhat gom ty 1¢ mol
1:2 cia Ni(I1):NaClO, pH 8,0 6 30°C trong 30 phut.
Sau cung, Mg(II) dich loc duoc két tiia boi Na,COs
voéi ty 1€ mol cua Mg(II):NaCOs 1:1 ¢ pH 10 tai
nhiét 9 phong. Cac san pham thu duge déu c6 cau
trac tinh thé cua y-AlLOs, Ni(OH)NiOOH, va
Mgs(CO3)4(OH)2(H20)s. Tir cac két qua dat duoc,
mot quy trinh thu hdi Al Ni va Mg tir xuc tac thai
dén cac san ph?im c6 tinh kha dung cao da dugc
dé xuat.
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