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Phuong dn tiém ndng du'oc dé xudt trong nghién citu nay la thu héi kim loai tir xdc tdc thai tir cdc nha mdy dam dé
téng hop xiic tdc xir ly khi thai. Cdc théng s6 céng nghé ctia qud trinh hoa tdch dé thu héi kim loagi Ni tir xuic tdc thdi cia
nha mdy dam theo phuong phdp hoa tdch bang dung dich HNO, da duoc khdo sdt véi cdc thong s6 gom: diéu kién dét
¢6¢, kich thudc hat xiic tdc thdi, néng dé acid sir dung, ty Ié rdn/léng, nhiét dd, thai gian héa tdch, téc dé khudy trén. Két
qud cho thdy quy trinh thu héi cho dé thu héi hon 90% Ni véi dé tinh khiét san phdm trén 90% trong 1 gié. Muéi Ni duoc
thu hai tir qud trinh trén duoc sir dung lam tién chdt cho qud trinh téng hop xuc tdc xir Iy CO, C.H, theo con duéng oxy
héa hoan toan. Xic tdc duoc téng hop tir Ni thu héi cé hinh thdi va hoat tinh tuong déng véi xuic tdc duoc téng hop tir
muéi Ni thuong mai. Nhiét d6 chuyén héa trén 90% déi véi CO, C,H, cia hai xiic tdc khodng 268°C & GHSV > 100.000 h*'.

Tirkhéa: Xi ly CO, CH,, xuc tdc thai, nha mdy dam, Ni, light-off.

1. Mé dau

Hién nay, tai cdc nha mdy dam Pha My, dam Ca
Mau dang stit dung khodng 16 loai xuc tac vai téng khdi
lugng hon 1000 tan. Tuy vao méi loai xtc tdc ma thoi
gian st dung c6 thé thay d6i tir 2 dén 10 nam. Déi véi
cac nha may nay lugng xuc tac chiia kim loai Ni chiém
tlr 20% dén 30% trén téng khéi lugng xuc tac st dung.
Céc loai xuc tac nay hoat déng & nhiét do cao véi su hién
dién cta nhiéu tac nhan gay ngd déc va céc nén khong
thé tranh khoi viéc xuc tac bi ddu déc va mat dan hoat
tinh do cac tam hoat tinh bi che I&p hodc qua trinh két
khéi ctia pha hoat tinh. Xdc tdc mat dan hoat tinh sau
dé dugc tai hoat hoa va st dung lai. Nhung trong thuc
té, qua trinh tai hoat hoa khéng giup xuc tac co dugc
hoat tinh nhu ban dau do cac qua trinh mat hoat tinh
thudng la bat thuan nghich (vi du qua trinh két khaoi).
K&t qua sau mot thai gian (2 - 3 nam), xdc tac mat hoat
tinh va phai dugc thai loai. Lic nay xuc tac thai duoc xép
vao hang muc chat thai rdn cong nghiép nguy hai do cé
ham lugng kim loai cao.

C6 nhiéu hudng nghién ctiu dugc phat trién nham thu
hoi Ni tir xUc tac thai nhu: hoa tach [1 - 3], nung chay [4, 5],
dién phan [6 - 7], trao d8i ion [8]. Trong d6, phuang phap
hoa tach dugc nghién ctu réng rai nhat do su don gian,
ré tién va hiéu suat thu hoi Ni cao. H,SO, dugc nghién ctiu
phd bién dé hoa tach Ni do acid nay c6 gia thanh thap va
kha ndng hoa tach Ni t6t. Sdn phadm thu duoc truc tiép la
mudi NiSO, [9]. Hiéu sudt thu héi c6 thé dat dugc 85% [3].
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Quy trinh thu héi hoan toan Ni bang H,SO, dugc xay dung
bd&i Lee va cong su [2]. Nong d6 acid thudng dugc nghién
clu trong khodng tur 10 - 50%, kich thudc hat nhé hon
500mm, ty 1& ran/ldong (xdc tac thai/acid) dao dong trong
khoadng 1/1 xuéng 1/12 [10]. Tuy vdy, viéc st dung H,SO,
c6 nhiéu nhugc diém, nhat 1a van dé dn mon cao.

Khi thai phat sinh trong qua trinh van hanh cac dong
co, 16 d6t sir dung nhién liéu xang, diesel... nhu CO, cac
hydrocarbon mach ngan (HC) va NO.... la nguyén nhan
chinh gay 6 nhiém méi truong khong khi. Néu NO, phai
duoc khir vé N, thi CO, HC can dugc oxy héa hoan toan
thanh CO, va H,0. Két qua nghién ctru [11] trén hé xuc
tac 2 kim loai la Pd va Ni cho thay Ni la tdc nhan cé kha
nang xuc tac cho qua trinh oxy héa hoan toan CO va
HC. Tién chat Ni dugc st dung cho qua trinh téng hgp la
Ni(NO,),.6H,0, tuy nhién cac tac gia van chua cho thay
hiéu qua xtr ly CO, HC trén hé Ni riéng 1é [11]. Ngoai ra, Ni
cling dugc st dung rat nhiéu trong cac hé xdc tac xu ly khi
thai nhu thanh phan phu gia [12].

Trén cac ¢ s& nay, nhom tac gid thuc hién gidi phap
mang tinh toan dién cho viéc x& ly méi trudng la thu hoi
Ni tU xUc tac thai clia cdc nha may dam dé lam tién chat
téng hop xuc tac xa ly khi thai. Vai dinh hudng st dung Ni
lam tién chat tdng hgp xuc tac thi tién chat mudi nitrate
dugc st dung réng rai nhat do mudi nay dé phan huay
trong qua trinh téng hop [11]. Vi vdy, quéa trinh thu héi Ni
tUr xUc tac thai can phai tién hanh véi tadc nhan la HNO, chu
khéng phai cac acid khac thudng duoc st dung dé thu hoi
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Ni (nhu HCI, H,S0,). Ngoai ra, trong qua trinh téng hop, Ni
thuc té & dang Ni%*, do d6 chat lugng quan trong clia Ni dé
téng hop chinh 1a d6 tinh khiét clia dung dich N2+,

Ké&t qua nghién cliu ctia Oza va cong su vé qua trinh
hoa tach thu hoi Ni bang dung dich HNO, tir xtc tac thai
Ni/ALO, cho thdy qua trinh hoa tach bao gém khé nhiéu
budc nhu: nghién, rdy phan loai hat xuc tac, dét coc sau
dé méi cho xuc tac tiép xuc vdi acid dé tach Ni [13]. Tuy
nhién, trong nghién cttu nay c6 mét s6 diém can lam rd
nhu anh huéng cta diéu kién d6t coc, nghién, khudy tron
va cac thong s6 trong qua trinh hoa tach dén hiéu qua
clla qua trinh hoa tach. Trong nghién cttu [13], Oza da lua
chon ngau nhién cac théng s6 nay. Diéu kién tién hanh thi
nghiém anh hudng rat I6n dén hiéu qua cia qua trinh hoa
tach [14], do d6 can khdo sat dé tim ra thédng s6 phu hap
nham tiét kiém thai gian, chi phi va nang lugng.

Nhu vay, viéc thu hoi Ni ti xdc tac thai clia cac nha
may loc hoa dau théong qua viéc hoa tach Ni bang acid la
kha thi.Déng thdi, huéng st dung Ni thu héi dé téng hop
xuc tac xt ly khi thai vé khia canh moéi truong va kinh té la
c6 tiém nang do st dung nguyén liéu la chat thai rdn dé
tao ra cac san pham cé gia tri cao. Trong nghién ctu nay,
nhom tac gid da khao sat tim thong sé phu hop cho qua
trinh hoa tach thu héi Ni tir xtc tac thai cia nha may dam
bang dung dich acid HNO,: diéu kién dot céc, nghién,
khuay tron, ndbng d6 acid st dung, ty lé ran/ldng, nhiét do,
thai gian hoa tach. Sau dd, danh gia kha nang st dung Ni
thu héi so véi viéc st dung Ni tinh khiét trong téng hap
xUc tac xrly COva CH,.

2. Thuc nghiém

Xuc tac thai dung dé thu héi Ni c6 tén thuong mai la
RKS-2-7H ctia Nha mdy Dam Phd My. Thanh phan xuc tac
nhu sau: Ni 8,51% khoi lugng, Mg 8,61% khéi lugng, Al
23,15% khai lugng, O 59,73% khéi lugng. Acid dung dé
hoa tach: HNO, dam ddc (Trung Quéc).

Qua trinh hoa tach dugc thuc hién nhu sau: Can lugng
xac dinh xuc tac thai (c6 thé trai qua qua trinh dét coc &
nhiét d6 540°C hoac khéng) cho vao dung dich HNO,
nong do tir 1-2,5M theo ty lé ran/long tir 1/30g/ml - 1/5g/
ml trong bé hoa tach bang thuy tinh. Nhiét dé hoa tach
tur 80 - 106°C. Téc dd khudy tron dugc diéu chinh trong
khodng tu 0 - 600 (vong/phut). Qua trinh hoa tach duogc
thuc hién trong 30 phut dén 2 gid. Phan hoi acid béc 1én
dugc dan qua bé NaOH hap thu trudc khi thai ra ngoai.
Sau khi hoa tach, tach riéng phan I6ng va ran. Phan ran
dugc rira bang nudc cat 3 1an, thu ldy dung dich rlra va
hoa tron véi phan 16ng dugc sdn pham 16ng chita mudi Ni

thu hoi. Ham lugng cac nguyén té Ni?*, APP* va Mg?* dugc
xac dinh bang phuong phap ICP (Inductivity Coupled
Plasma). Phan ran dugc thai bo theo cac quy dinh vé quan
ly chat thai ran. Cac thi nghiém lap lai 3 lan, lay gid tri
trung binh. Sai s6 cta phép tinh hiéu suat thu héi dugc
tinh theo phuong phép théng ké véi dé tin cdy cta két
qua la 95% (Zp = 1,96). Sai s6 clia phép tinh hiéu suat thu
héi Ni bang + 0,93%.

Hoa mudi Ni(NO,), thu héi dugc & trén véi muodi
Mn(NO,), (héa chat tinh khiét Merck) trong méi trudng
nudc, sau d6 hon hgp duogc khudy tron véi y-AlO, (hda
chat tinh khiét Merck) dé téng hgp chat xuc tac xdr ly CO
va hydrocarbon theo phuong phap dong két tda. Khoi
lugng cadc mudi nitrate ctia Mn (Il), Ni (Il) dugc tinh toan
sao cho ty lé khéi lugng ctia méi oxide tuong Ung trong
mau xuc tac 1a 20% khai lugng. Téng khéi lugng ctia hén
hagp xuc tac la 100% khéi lugng. Dung dich dung dé diéu
chinh pH Ia NH,. HAn hop sau d6 dugc ¢d can & nhiét dé
90°C, sdy & nhiét d6 110°C trong 12 gi& va nung & nhiét d6
550°C trong 4 gid trong moi trudng khir (30%H, : 70%N.,).
Xuc tac thu dugc dugc ky hiéu la NiMn/AI-TH. Bén canh
dé, nhém tac gia cling t6ng hop 1 mau so sanh vai quy
trinh va thanh phan tuang tu, chi khac & tién chat st dung
la muéi Ni(NO,), tinh khiét (héa chat tinh khiét Merck).
Mau nay duoc ky hiéu 1a NiMn/AI-TK.

C4c tinh chat héa ly clia xdc tac sau téng hgp gom:
thanh phan pha (thiét bi Bruker D8 Advance), hinh thai
cla xuc tdc nhu dién tich bé mat, thé tich 16 x6p cung
phan bé kich thudc 16 x6p (thiét bi Micromeritics). Phuong
phap huynh quang tia X dugc 4p dung trong nghién cutu
nay véi muc dich xac dinh ham lugng Ni trong xuc tac thai
trudc khi thu hoi. Thi nghiém dugc thuc hién trén thiét bi
S4 Pioneer (Bruker).

Hoat tinh xtc tac trén phan (ng oxy héa CO, CH,
thanh CO,, H,0 dugc khao st nha mét hé thong xuc tac
tang c6 dinh. Phan (ng dugc tién hanh vai ty [& hon hgp
khi CO:C,H_O,N, = 0,8:0,05:20:79 Vvéi &p sudt khi quyén.
Téng luu lugng hén hgp khi 1a 10 lit/gid vai khéi lugng
xuc tac st dung la 0,1g tuong Ung véi gia tri luu lugng
thé tich GHSV 1a 110.000 gi&™. Trudc khi phan tng, xuc
tac dugc lam sach bé mat & nhiét do6 400°C trong 2 gid
trong dong khi N,. Sau khi lam nguéi dén nhiét d6 phong,
qua trinh khao sat hoat tinh xuc tac dugc thyc hién qua
qua trinh light-off CO tur nhiét dé 50 - 500°C vdi téc do gia
nhiét la 5°C/phut. Qua trinh light-off CO chinh la khao sét
d6 chuyén hoa CO thanh CO, theo tiing nhiét d6. Néng
d6 cac khi trong san pham bao gém CO, CO, déu dugc ghi
nhan vdi tan suat 22s/1 diém nhd thiét bi phan tich online
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Ultramat 6E clia Siemens (Duc). Trén co s& do, dudng
light-off c6 thé dugc thiét lap. Cac mau déu dugc khao sat
hoat tinh it nhat 4 1an. Sau méi lan khao sat duang light-
off CO tir nhiét d6 50 - 500°C, xUc tac dugc dua vé nhiét do
phong trong moi trudng N, va tiép tuc tién hanh khao sét
light-off lan tiép theo.

3. Két qua va thao luan

3.1. Anh huéng clia mét sé diéu kién thuc nghiém dén
hiéu sudt cia qud trinh thu héi Ni

Nhom téc gia tap trung khao sat cac thong sé lién
quan dén diéu kién tién x ly xic tac thai va diéu kién
khudy tron, ty 1é rdn/Idng trudc dé lam co s& xac dinh cac
bién doc lap trudc khi tién hanh quy hoach thuc nghiém
cho qué trinh thu héi Ni.

3.1.1. Kich thuéc hat

Trong nghién ctu clia Oza [13], diéu kién kich c& hat
xuc tac dugc lua chon ngau nhién trong khoang 1 - 2mm.
Tuy nhién, qua trinh nghién xuc tac lién quan dén nang
lugng tiéu hao nén can cé khao sat dé lua chon kich thudc
phu hop.

Anh hudng cta kich thudc hat xuc tac dén hiéu suat
thu héi sdn phdm muéi Ni trong 1 gid hoa tach dugc thé
hién & Hinh 1. K&t qua cho thay kich thuéc hat d < 200um
lam gidm hiéu sudt hoa tach Ni (< 86%), viéc nghién qua
nhd hat xuc tac c6 thé lam gidm hiéu qua qua trinh hoa
tach. C6 thé do xuc tac dugc téng hop bang phuang phap
tdm Ni lén bé mat pha nén nén qua trinh nghién da lam
cac phan pha nén bén trong khong chia Ni bi v& va tiép
xUc vdi acid, lam gidm hiéu qua hoa tach Ni. Qua khao sat
nay cho thdy viéc nghién xuc tac la khéng can thiét do su
khéc biét gitra hiéu suat hoa tach & cac kich thuéc khac
nhau khéng I6n va viéc giir nguyén kich thuéc ban dau
giup tiét kiém chi phi.

3.1.2. Diéu kién dét c6¢

Theo nghién cttu cia Oza [13], qua trinh dét c6c dugc
mac dinh thyc hién & nhiét d6 600°C trong 5 gio. Pay cling
la mét budc tiéu hao nang lugng, do d6 nhom tac gia tién
hanh khao sat hiéu qua ctia qua trinh thu héi & 2 trudng
hgp d6t c6c va khéng dét coc trong 1 gir hoa tach.

Anh hudng ctia qué trinh dét cdc dén hiéu suét thu
hoi Ni & cac néng d6 acid khac nhau dugc thé hién trong
Hinh 2. Diém dic biét 1a qua trinh dét céc gay bat loi cho
qua trinh hoa tach. Khi thuc hién qua trinh dét céc trong
khéng khi & nhiét do 550°C thi hiéu suat thu héi Ni lai
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gidm tU 7 - 9%. Két qua nay co thé do dét céc la mét qué
trinh phat nhiét va dan dén cac qua trinh két khéi trén bé
mat xuc tac, gay kho khan cho qua trinh phan ung gida
kim loai va acid. Do d6, qua trinh hoa tach sé dugc nhém
tac gia tién hanh truc ti€p trén xudc tac thai ma khong can
thuc hién qua trinh dét coc.

3.1.3. T6c d6 khudy

Trong nghién ctru, Oza da khao sat téc d6 khudy trong
khoang 300 - 800 vong/phut [13]. K&t qua cho thay téc do
khudy khéng anh hudng dén hiéu qua cla qua trinh thu
hoi. Véi déi tugng la xdc tac thai tir Nha may Dam Phu My,
nhom tac gid da khao sat anh hudng cua téc do khudy
dén hiéu suat thu hoi va d6 tinh khiét muéi Ni véi khoang
khdo sat tir 0 - 600 vong/phut, thai gian hoa tach 1 gio
(Hinh 3).

Theo d6, t6c d6 khudy lam gidm manh hiéu suat
hoa tach va do tinh khiét ctia sdn pham. Viéc ting toc do
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Hinh 1. Két qud dnh huong cla kich thutc hat xic tdc dén hiéu sudt thu héi sén pham
mudi Ni. (Biéu kién hoa tdch: xiic tdc khong dét céc, nong dé acid st dung: 2M, tc do
khudy 200 vong/phtit, ty Ié rdn/lIéng: 1/10, nhiét d hoa tdch: 100°C trong 1 gio)
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Hinh 2. Anh huéng cda qud trinh d6t coc (6550°C, 3 gid) dén hiéu sudt thu héi Ni
(Diéu kién hoa tdch: xuic tdc khdng nghién, nong dé acid st dung: 1,5M va 2M, téc do
khudy 200 vong/phtit, ty Ié rdn/Idng: 1/10, nhigt @ hoa tach 100°Ctrong 1 gio)
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(Diéu kién hoa tdch: xiic tdc khdng ddt cdc, khdng nghién, ndng dé acid st dung: 1,5M, ty
16 rdn/Idng: 1/20, nhigt dé hoa tdch: 100°C trong 1 gicz)
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Hinh 4. Két qud dnh hudng cda ty € rdn/Iong dén hiéu sudt thu hdi va do tinh khiét cia
sdn phdm mudi Ni. (Diéu kién hoa tdch: xuic tdc khéng dét coc, khdng nghién, khong
khudy, néng dd acid 1,5M, nhiét d6 hoa tdch 100°Ctrong 1 gio)

khudy lam v& cac hat xuc tac va tang sy hoa tan phan Al
trong pha nén. Diéu nay gay bat Igi d6i véi qua trinh hoa
tan ctia Niva lam cho san pham cé dé tinh khiét thap hon.
K&t qua nhom tac giad thu dugc la trong diéu kién khéng
khudy van c6 thé gitip qua trinh hoa tach dat hiéu suat thu
héi va do tinh khiét kha cao (khoang 90%).

3.1.4. Ty Ié xuc tdc/dung dich acid (ty Ié rian/Iéng)

Ty |é xuc tadc/dung dich acid phu hgp la mét thong
s6 quan trong anh hudng dén tinh hiéu qua cla viéc su
dung acid cho qua trinh thu héi. Trong thi nghiém nay,
nhom tac gia c6 dinh diéu kién hoa tach nhu mo ta & Hinh
4 nham danh gia va lua chon ty 1é ran/ldng phu hop.

Su thay d8i hiéu suat thu héi va d6 tinh khiét mudi Ni
theo sy gidm dan ty 1é ran/ldng trong 1 gid (Hinh 4). Véi

ty lé rdn/ldng = 1/5g/ml gidam xuéng 1/20g/ml, thi hiéu
suat thu hoi Ni tang ti 67% lén gan 90%. Khi tiép tuc tang
luong acid vai ty |é rdn/long dudi 1/20g/ml thi hiéu suat
thu héi gan nhu khéng thay déi (khodng 90%). Xét vé do
tinh khiét cGa san pham, cac két qua cé gia tri tuong déi
cao, trén 95%. Vi ly do ty & ran/long thap (dudi 1/20) thi
thé tich clia thiét bi phan (ing phai I6n va van dé xd ly acid
du. Do do, ty 1é ran/ldong 1/20g/ml dugc lua chon la diéu
kién phu hop nhat.

3.2. Téi uu héa diéu kién thuc nghiém thu héi Ni

Tu két qua thi nghiém khao sat anh hudng cac yéu té
cdng nghé dén qua trinh hoa tach c6 thé thay xuc tac dé
nguyén hat ban dau khéng can nghién va qua trinh hoa
tach khéng khuady trén cho hiéu suat thu hoéi tét hon. Bén
canh do, ty lé ran/Idng trong khoang 1/30g/ml - 1/10g/ml
khéng anh hudng nhiéu dén hiéu qua ctia qua trinh hoa
tach, do do6 c6 thé xem cac théng sé nhu kich ¢& hat, téc
do khuady, ty & ran long la cac bién déc lap.

Nhu vy, bai toan dat ra la tim diéu kién hoa tach phu
hap (nbng d6 acid (Z,, M), nhiét dé (Z,,°C) va thai gian hoa
tach (Z,, phut)) dé co hiéu suét thu hoi Ni (Ham muc tiéu -
Y, ) va dé tinh khiét san pham mudi Ni (Ham muc tiéu-Y,)
dat gia tri I[6n nhat.

Phuong phap thuc hién la giai bai toan téi uu theo
phuang phap Tiéu chuén toan cuc (Global criterion) [15].
Budc 1: Giai bai todn t6i uu cho tiing muc tiéu Y’, (gia tri
hiéu sudt cuc dai) va Y", (gid tri d6 tinh khiét cuc dai) va
xac dinh cac tap gia tri tuong ung (Z,, Z,, Z.)", va (Z,, Z,
Z,),- Budc 2: Gidi bai toan da muc tiéu dya trén nguyén
tac tim gia tri Y™ va Y°*', sao cho céc gid tri nay gan
VGi gid tri Y'_va Y’ nhat théng qua viéc tim gid tri min
Z(Y,Y,).

hs'
p p

L -y, Ly,
‘Y hs ‘Y tk
Trong d6, p =1 hoac p = 2 (phu thudc vao phuong an
Iua chon két qua téi uu).

Sau do, tién hanh kiém tra muic d6 dat dugc so véi gia
triY", vaY’, thong qua gia tri % gilta Y /Y"  YP* /Y.

Budc 1: Gidi bai todn t6i uu cho tiing muc tiéu

Nhom tac gia ti€n hanh thi nghiém theo phuong phap
leo d6c diing v6i 3 yéu t6 dugc khdo sat: nong dé acid (Z,,
M), nhiét d6 (Z,, °C) va thai gian hoa tach (Z,, phut) dé tim
détimyY’ vaY.

Phuong trinh héi quy o6 dang:
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Y, =b +bZ +bZ,+bZ +b 772, +b 77 +

hs 1277172 137173 ()

bz,?ZZ? + bu(Z12 -+ b22(Z22 -4+ b33(Z32 -4)
Véib,, b, b,,...,b,:Caché s6 clia phuong trinh héi quy.

Xuc tac thai khédng doét cdc va dé nguyén cd hat ban
dau cho vao dung dich HNO, néng d6 tir 1 - 2,5M theo ty
I& rdn/ldng 1/20g/ml trong bé hoda tach bang thay tinh.
Nhiét dé hoa tach tir 80°C - 106°C va khéng khudy trén.
Qua trinh hoa tach dugc thuc hién trong khodng 30 - 75
phut. Phan long sau khi hoa tach dugc phan tich xac
dinh ham lugng Ni** bang phuong phap ICP, sau dé tinh
hiéu suat thu hoi dua vao thanh phan Ni ban dau trong
xuc tac.

Lap ma tran quy hoach thuc nghiém va xac dinh cac
hé s6 cia phuang trinh hoéi quy véi muc tiéu khao sat
3 yéu t6 anh hudng, s6 thi nghiém can phai tién hanh
N=15[16].

Tu d6, xac dinh dugc phuong trinh héi quy mo ta thuc
nghiém.

Nhom tac gia tién hanh thém 3 thi nghiém & tam. Su
c6 nghia clia cac hé s6 phuong trinh héi quy dugc kiém
dinh theo phan bé Student véi muc y nghia p = 0,05 va
bac tu do f = 2. Sau do, su tuong thich clia phuaong trinh
h6i quy dugc kiém tra theo tiéu chudn Fisher. K&t qua thuc
nghiém cda hiéu suat thu hoi Ni (Y, ) va dé tinh khiét (Y,,)
dugc bé tri trén bang ma tran ma rong (Bang 2).

Véi x,, x,, x, 1an luot la bién ma hoa cla bién thuc Z,,

Vay, qua qua trinh khdo sat, da xac dinh dugc phuaong
trinh hoi quy cda Y, cé dang:

Y, =823 +32Z, +29Z,+4Z,+ 1,82,Z,- 2,8

3)
(Z2-0,75) - 3,5(Z7 - 0,75)

Diéu nay cho thay néng dé acid, nhiét d6 hoa tach va
thai gian hoa tach déu ty 1é thuan vai hiéu suat thu héi Ni.

Tinh todn tuong tu phuong trinh héi quy ctia Y, c6
dang:

Y, =927-15Z,-12Z, (4)

Diéu nay cho thay néng do acid va thai gian hoa tach
déu ty lé nghich vai d6 tinh khiét san phadm mudi Ni. Nhiét
dé khéng anh hudng dang ké dén dé tinh khiét.

TU cac méi quan hé gilra diéu kién hoa tach (néng dé
acid (Z, M), nhiét d6 (Z,°0), thdi gian hoa tach Z, phut))
va ham muc tiéu hiéu suat thu hoi Ni (Y, ) max, dé tinh khiét
san pham mudi Ni (Ytk) max nhu phuang trinh (I) va (Il). Gia
triY', va Y, duoc gidi nhd su ho trg ciia phan mém Excel
- Solver trong vung gidi han nghién ctu (Badng 1) nhu sau:

Y* = 94,4% vGi:
Z' =22M

Z' =102°C
Z;hs =79,5 phut
Y*tk =95,9% vdi:
Z' . =09M

Z;, =77°C

Z;, =26 phuat

Budc 2: Gidi bai todn t6i uu da muc tiéu théng qua viéc
tim gid tri minZ( Y, S,Yt,)

Bdng 2. Két qud quy hoach thuc nghiém hiéu sudt (Y, ) va dg tinh khiét (Y, ) cia qud trinh hoa tdch thu héi Ni tif xic tdc thdi

Z,Z,.
Bdng 1. Khodng bién thién cda thi nghiém
Yéu té, Zj aqi b Zo Delta Z
Z: (C, M) 1 2,5 1,75 0,75
Z> (T, °C) 80 106 93 13
Z3 (t, phut) 30 75 52,5 22,5

TN Xo X1 X2 X3 X1X2 X1X3 X2X3
1 1 1 1 1 1 1 1
2 1 -1 -1 1 1 -1 -1
3 1 1 -1 1 -1 1 -1
4 1 -1 1 1 -1 -1 1
5 1 1 1 -1 1 -1 -1
6 1 -1 -1 -1 1 1 1
7 1 1 -1 -1 -1 -1 1
8 1 -1 1 -1 -1 1 -1
9 1 1,2 0 0 0 0 0
10 1 -1,2 0 0 0 0 0
11 1 0 1,2 0 0 0 0
12 1 0 -1,2 0 0 0 0
13 1 0 0 1,2 0 0 0
14 1 0 0 -1,2 0 0 0
15 1 0 0 0 0 0 0
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Xi2-A | X22-A Xx32-Lh Z Z> Z3 Yhs Yik
1/4 1/4 1/4 2,5 106 75 93,1 89,2
1/4 1/4 1/4 1 80 75 77,2 94,5

1/4 1/4 1/4 2,5 80 75 81,5 90,1
1/4 1/4 1/4 1 106 75 833 937
1/4 1/4 1/4 2,5 106 30 80,1 92,6
1/4 1/4 1/4 1 80 30 734 955
1/4 1/4 1/4 2,5 80 30 783 948
1/4 1/4 1/4 1 106 30 752 956
3/4 -3/4  -3/4 2,66 93 53 88,3 90,1
3/4 -3/4 -3/4 084 93 53 792 934
-3/4 3/4 -3/4 1,75 109 53 87,1 92,4
-3/4 3/4 -3/4 1,75 77 53 784 923
-3/4  -3/4 3/4 1,75 93 80 92,3 90,7
-3/4  -3/4 3/4 1,75 93 25 79,2 92,2
-3/4  -3/4 -3/4 1,75 93 52,5 88,1 93,4
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Xét p = 1. Luc d6 minZ cé dang

min Z = ZY}:: ZYrk tk (5)

‘Y hs Y th

K&t qua t6i uu dugc gidi nha su ho trg cila phan mém
Excel - Solver nhu sau:

Z,°Pt=2M; Z,°°* = 102°C; Z,°** = 80 phut;

Yo, = 94,2% (muc do dat dugc 94,2/94,4 = 99,8%);
Yot =90,8% (muic d dat dugc 90,8/95,9 = 94,7%);
Tuong tu, xét p = 2. Ldc dé minZ c6 dang

2 2

min Z = z Y’“_ by Z —Y’k:Y;k (6)
v Y.
Két qua t6i uu dugc gidi nhd su hé trg clia phan mém
Excel - Solver nhu sau:

Z°P=1,6 M; Z°°'=102°C; Z,°* = 80 phut;

Yot =92,9% (muic do dat dugc 92,9/94,4 = 98,4%);
Yort = 91,6% (mutc d6 dat dugc 91,6/95,9 = 95,4%);

Nhu vay, thong qua viéc giai bai toan téi uu da muc
tiéu ta thu dugc két qua sau:

- Né&u chon hiéu suat la thong s6 uu tién thi diéu kién
hoa tach nhu sau: ndbng d6 acid 2M; nhiét d6 hoa tach
102°C va thdi gian 80 phut. Tuong Ung vai diéu kién nay,
hiéu suat téi uu dat 94,2% va dé tinh khiét mudi Ni 90,8%.

- Néu chon dé tinh khiét la thong s6 uu tién thi diéu
kién hoa tach nhu sau: néng d6 acid 1,6M; nhiét d6 hoa
tach 102°C va thai gian 80 phut. Tuong Ung véi diéu kién
nay, do tinh khiét muéi Ni 91,6% va hiéu suat t6i uu dat
92,9%.

3.3. Ung dung muéi Ni thu héi dé téng hop xuic tdc xir ly
COvacCH,

3.3.1. Tinh chdt héa ly ctia xuc tdc

Trong mét nghién ctu khac cdla nhém téc gia, hé xuc
tac c6 thanh phan 20% khéi lugng Ni, 20% khoi lugng Mn
trén nén y-ALO, da dugc phat trién va cho thay hiéu qua
rat t6t cho qua trinh xtt ly CO theo con dudng oxy hda
hoan toan thanh CO, [17]. Do d6, dé thay dugc day du tinh
chat va kha nang iing dung ctia mudi Ni thu héi, nhom tac
gid tién hanh t8ng hgp xuc tac theo thanh phan nay.

Bang 3 thé hién két qua dién tich bé mat (S,,,) va thé
tich 16 x6p cla cdc mau xuc tac. Trong bang nay, nhém
tac gia trinh bay cac két qua cla chat mang y-ALO, va 2
loai xtc tac c6 thanh phan 20% khéi lugng Ni, 20% khoi

Bang 3. Dién tich bé mt, thé tich 16 x6p ctia cdc mdu xtic tdc

Thé tich 16 xop

Mau xuc tac Seer(m?/g) (cm?/g)
v-Al203 130,0 0,250
20Ni20Mn/Al - thuong mai 81,0 0,190
20Ni20Mn/Al - thu héi 79,5 0,178

12

11 cl
<10 [
B b
€ 0,9 |
S
N
9 05 ? \ —o -AlL,O; Merck
% 0'6 | e -+ -NiMR/AITK
=" 6! —x -NiMn/ALTH
£ 05 [ |1
I |
(o2
]
T 03 ’g ®
T 0,2 8

> e eI

0,0 X

10 50 250 1250

Kich thudc 16 xép (A)
Hinh 5. Két qud phdn bé kich thutc 16 xdp ctia cdc mu xic tdc

lugng Mn trén nén y-ALO,, trong d6 kim loai Ni di tir 2
ngudn mudi Ni thu héi (ky hiéu xic tac 20Ni20Mn/Al - thu
hoi) va muéi Ni thuang mai (ky hiéu xtc tac 20Ni20Mn/Al -
thuong mai). Két qua cho thay dién tich bé mat, thé tich 16
x6p cla 2 hé xdc tac 20Ni20Mn/Al tinh khiét, 20Ni20Mn/
Al - thu h6i chénh léch khéng dang ké.

Cac két qua phan tich phan bé kich thudc 16 x6p &
Hinh 8 cho thay su c6 mat Ni da lam gidm dan thé tich
va kich thudc 16 x6p ddc trung cla AlO,. Kim loai Ni da
dugc két tha trong cac 16 x6p kich thudc 5nm dac trung
cia ALO,. Do d6 lam gidm thé tich 16 x8p tir 0,25cm*/g
xuéng con 0,18cm?3/g. Su gidm thé tich 16 x8p nay dién
ra tuong tu & mau xuc tac téng hgp tir Ni tinh khiét va
Ni thu hoi.

3.3.2. Hoat tinh cta xtc tdc xir Iy CO, C,H, tong hop tirNithu hoi

Nang luong hoat hoa biéu kién (E) clia cac qua trinh
xt ly CO, C,H, trén cac hé xuc tac diéu ché ti mudi thu hoi
va ti mudi thuong mai dugc suy ra tir phuong trinh biéu
dién mai quan hé téc d6 phan Uing - ndng dé tac chat va
phuacng trinh Arrhenius cling gia thiét & do chuyén hoa
thap, hé khao sat xem nhu thiét bi phan (ing dang vi phan
(differential reactor). Phuong phép tinh todn nang lugng
hoat héa biéu kién da dugc nhom tac gia trinh bay trong
nghién cdu [18].
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Nang luogng hoat hoéa biéu kién (E) dugc tinh toan
thong qua phuong trinh sau:

1-X) -1

a-—1

E 1 1
1 =Ink "+[=(——
nf ]=Ink, +[R(To T)] (7)

Trong dé:
X: D6 chuyén hoa cla tac chat 6 nhiét do T;
a: Bac phan ung;

Theo két qua nghién ctru ctia Berlowitz [19] & nhiét do
thap, bac cta CO sé c6 gia tri khodng gan -1 (do CO hap
phu rat manh Ién céc tam kim loai va ngan can viéc hap
phu clia O,). Khi nhiét d6 dl cao, CO méi dugc gidi hap va
gidi phéng mét phan cac tdm phuc vu cho viéc hdp phu
0,. Theo Berlowitz, bac CO c6 thé thay déi trong khodng
-0,5 dén -1,2 & cac nhiét d6 va tam kim loai khac nhau.
Trong d6, gid tri bac -1 cla CO chi dung trong khoang
nhiét d6 thap, cu thé 1a 425 - 550°K (tucng Ung véi nhiét
dd 152 - 277°C) [19]. Nhom tac gid cling tién hanh xac
dinh nang lugng hoat hoa véi gia tri bac phan tng CO la
-1 trong khodng nhiét d6 106 - 123°C, tuong Ung véi do
chuyén héa < 10%.

Nhu vay, phuong trinh (7) ap dung cho CO ¢6 dang:

lmkﬂfo

worE 1T 1

]=Ink, +[E(E_?)] (8)

Theo két qua nghién ctdu cta Morooka [20, 21],
thong thuong bac cda C,H, dao dong tir 0 dén 1 (do
giai doan cham nhat quyét dinh t6c dé phan Ung la giai
doan hap phu propylene). Nghién clu clia Morooka
tién hanh véi khodng néng d6 C.H, tir 0,2 - 3,5% va do
chuyén héa dudi 15%. D€ tinh ndng lugng hoat héa cho
phan tng oxy hoa propylene, nhom tac gia tién hanh
khdo sat trong khodng nhiét do 183 - 228°C tuang Ung
V@i d6 chuyén héa < 15%, bac phan tng C,H, dugc chon
lao.

Nhu vay, phuong trinh (7) ap dung cho C;H, c6 dang:
E 1 1

In[X]=Ink "+[=(——-—= 9

n[X]=Ink, [R(To T)] )

Dua trén phuong trinh 8 va 9, nhém tac gia xay dung
cac dé thi biéu dién In[(1-(1-X)?)/2] theo (1/T_- 1/T) va In(X)
theo (1/T - 1/T). Hé s6 g6c ctia d6 thi chinh la gia tri ndng
lugng hoat hoa biéu kién clia qua trinh chuyén hoéa CO,
C,H, thanh CO, tinh & viing d6 chuyén héa thdp hon 10%
va 15%.

Vi du viéc xac dinh nang lugng hoat héa biéu kién clia
qua trinh khao sat light-off C_H_ trén xdc tac 20Ni20Mn/
Al - thu héi dugc thuc hién nhu sau:
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- Budc 1: Chon céc gia tri nhiét d6, dé chuyén hoéa
cho giai doan bat dau cé qua trinh oxy héa C,H, thanh CO,
dén do chuyén hoa la 15%;

- Budc 2: Tién hanh vé d6 thi In(X) theo (1/T_- 1/T)
nhu Hinh 6. Gia tri hé s6 goc tuong tng vdi E/R, tir dé tinh
dugc nang lugng hoat héa (biéu kién). Hinh 9 ciing thé
hién gia tri hé s6 xac dinh boi R

Két qua so sanh hoat tinh x{r ly CO va C,H, cla xtc tac
20Ni20Mn/Al - thu héi va xdc tac 20Ni20Mn/Al - thuong
mai dugc trinh bay trong Hinh 7. Cac gia tri nang lugng
hoat héa biéu kién clia phan ting oxy hoa CO va C,H, duoc
thé hién trong Bang 4.

Hinh 7 cho thay kha nang xur ly CO clia mau xuc tac
NiMn/AI-TH diéu ché ti mudi Ni thu héi tot hon so véi xtic
tac NiMn/AI-TK diéu ché ti mudi Ni tinh khiét. Tuy nhién
daéi v6i C,H,, kha ndng xtf ly cila mau diéu ché tir mudi Ni
tinh khiét lai t6t hon so véi mau diéu ché t&r mudi Ni thu

3,0
y = 23852x- 0.3611 .
R®=0.9786 R
2,5 - 2
4
’,
2,0 fx’
»
15 o ¥
=3 0/’
10 ¢’
»’
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0,0 2o
6,00002 0,00004 0,00006 0,00008 0,0001 0,00012 0,00014 0,00016
<
-0,5
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Hinh 6. Vi du vé 6 thi biéu dién In(X) theo (1/T - 1/T) dé xdc dinh ndng luong hoat héa
qud trinh. Hé s6' gdc cia phuong trinh hdi quy tuang iing véi E/R

100 W-
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Hinh 7. Két qud khdo st light-off (0, C H, trén 2 mdu xic tdc st dung tién chdt Ni thu hoi
(NiMn/Al-TH) va va sit dung tién chdt Ni tinh khiét (NiMn/AI-TK).
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Bdng 4. Cdc gid trj nding uigng hoat hda biéu kién ctia 2 mdu xiic tac 20Ni20Mn/Al -
thuong mai va yiic tdc 20Ni20Mn/Al - thu hoi trong phdn iing oxy hda COva CH,

Nang lugng hoat

Xuc tac héa biéu kién
(KJ/mol)

Xirly CO

Xuc tdc 20Ni20Mn/Al - thuong mai 123

Xuc tac 20Ni20Mn/Al - thu hoi 105

Xur ly CsHe

Xuc tdc 20Ni20Mn/Al - thuong mai 154

Xuc tac 20Ni20Mn/Al - thu hoi 198

hoi. Tuy nhién, su khac biét gitta 2 mau la khéng 1én. Xét
vé kha néng chuyén héa hoan toan CO va C,H,, ca hai loai

xUc tac déu chuyén héa trén 90% CO & nhiét do 212°C va
trén 90% C H, & nhiét d6 268°C.

Két qua tinh toan nang lugng hoat héa biéu kién cta
qua trinh oxy héa hoan toan CO, C,H, thanh CO, tuong
Ung voi moi loai xuc tac dugc trinh bay trong Bang 4.
Nang lugng hoat hoéa biéu kién trong phan tng oxy hoa
CO cua xuc tac diéu ché t&r mudi Ni thu héi (105KJ/mol)
thap han nang lugng hoat hoéa biéu kién cla xuc tac diéu
ché ti mudi Ni tinh khiét (123KJ/mol). Béi v6i phan tng
oxy héa C,H,, gia tri nang lugng hoat héa c6 xu hudng
nguac lai, ndng lugng hoat hoda biéu kién clia xtc tac diéu
ché ti mudi Ni thu héi (198KJ/mol) cao hon nang lugng
hoat hoa biéu kién clia xuc tac diéu ché tir mudi Ni tinh
khiét (154KJ/mol). Béi véi ca hai loai xic tac thi nang
lugng hoat hoéa biéu kién khi oxy héa CO déu thap hon
néng lugng hoat hda biéu kién khi xtr ly C.H,.

4. Két luan

Nhom tac gia da lua chon dugc cac théng sé cong
nghé pht hop cho qua trinh hoa tach thu héi kim loai Ni tir
xUc tac thai clia nha may dam nhu sau: khéng dét coc, gite
nguyén kich thudc hat ban dau, khong khudy trén, nhiét
dd hoa tach 100°C trong 1 gi®, ndng doé acid 1,5M, ty |é xdc
tac/acid = 1/20g/ml. Qua trinh hoa tach van cho d6 thu héi
hon 90% Ni véi d6 tinh khiét san pham trén 90% nhung
don gian, phu hgp véi cac déi tuong la xdc tac thai tai Viét
Nam han so véi cac quy trinh hién co trén thé gidi. Két qua
phan tich hinh thai clia xuc tac cho thdy xdc tac téng hop
tlr Ni thu héi ¢6 tinh chat tuong duong véi xuc tac téng
hap ti Ni thuong mai. Vé hiéu qua x{ ly, xic tac téng hop
tor mudi thu hoi va muéi thuong mai déu cé hoat tinh tét,
nhiét do chuyén hoa trén 90% ddi véi CO, C,H, & nhiét do
268°C. Nang lugng hoat hoa biéu kién trong phan ting oxy
hoa CO culia xuc tac diéu ché t&r mudi Ni thu hoi (105KJ/
mol) thap hon ndng luong hoat héa biéu kién clia xuc tac
diéu ché& t mudi Ni tinh khiét (123KJ/mol). Tuy nhién, d6i

véi phan (ing oxy hoa C,H,, gia tri nang lugng hoat héa c6
xu hudng ngugc lai, nang lugng hoat héa biéu kién cda
xuc tac diéu ché t& mudi Ni thu hoéi (198KJ/mol) cao hon
nang lugng hoat héa biéu kién clia xtc tac diéu ché tu
mudi Ni tinh khiét (154KJ/mol).

Nhu vy, viéc thu héi Ni tir xtc tac thai dé lam tién
chat téng hgp xuc tac xa ly khi thai la huéng di rat tiém
nang nham giam 6 nhiém maéi trudng déng thai lam tang
gia tri st dung cla xdc tac. Diéu kién tién hanh thi nghiém
anh huéng rat I6n dén hiéu qua clia qua trinh hoa tach, do
d6 can lua chon cac thdng sé phu hgp nham tiét kiém thoi
gian, chi phi va ndng lugng.
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Nickel recovery from spent catalyst of Phu My Ferfilizer Plant
to prepare environmental catalyst for freatment of CO-C_H,

Summary

Le Phuc Nguyen, Nguyen Thi Anh Thu, Luong Ngoc Thuy
Nguyen Van Hieu, Nguyen Hoai Thu, Nguyen Sura
Vietnam Petroleum Institute

In this study, a very promising way was proposed to recover nickel from spent catalysts of fertilizer plants to
synthesise material for exhaust-gas treatment. This method, which was essentially Ni extraction using HNO, acid,
was analysed by investigating the following process parameters: decoking, acid concentration, temperature time of
digestion, solid/liquid ratio, particle size and stirring rate. Results showed that under the suitable conditions of
leaching, it was possible to achieve a nickel recovery of over 90% with a purity of over 90% in 1 hour. The recovered
Ni was then used as a precursor for synthesising the catalysts for treatment of CO-HC. Compared with the catalyst
prepared from commercially available nickel nitrate, this material exhibits similar physical properties and perfor-
mances. It is feasible to achieve over 90% conversion of CO, C ,H, at 268°C, GHSV > 100.000 h'.

Key words: CO treatment, spent catalysts, fertilizer plant, Ni, light-off CO.
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