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Xiic tdc thdi tir qud trinh hydroprocessing chira khodng 4 - 12% molybdenum (Mo) (theo khéi luong) sé dem lai
hiéu qua kinh té néu thu héi duogc cdc kim loai ¢6 gid tri. Bai bdo gi6i thiéu quy trinh thiy luyén don gidn sir dung
hén hop soda (Na,CO.) két hop véi H,0, dé thu héi Mo tir xiic tdc thdi cia qud trinh hydrodesulphur héa. Viéc thu héi
Mo phu thuéc rdt nhiéu vao néng dé H,0, va Na,CO, trong méi truong phdn ting, viéc diéu chinh pH cho qud trinh
ngdm tdch va su c6 mdt cia Al, Co. Véi diéu kién tdch t6i uu theo néng dé Na,CO, la 40g/l, H,0, 6% & nhiét d6 phong
trong khodng thai gian 2 gi& thi hiéu sudt Mo thu duoc khodng 85%. Ngam tdch bdang phuong phdp hdp phu st dung

carbon sé thu dugc MoO, c6 dé tinh khiét trén 95%.

T khéa: Molybdenum, ngdm chiét soda.
1. Mé dau

Xuc tac trong cdng nghé loc dau chiém khoang 1/3
lugng xuc tac tiéu thu trén toan thé gidi, phan Ién dugc
st dung cho qua trinh hydro héa kha luu huynh, hydro
dé nita va loai bd cac tap chat kim loai trong dau tuong
Ung véi cac phan doan khac nhau [1]. Sau mot chu ky hoat
ddng, mot lugng I6n xuc tac nay thadi ra ngoai méi trudng.

Xuc tac thai tU qua trinh hydroprocessing thudng
chta khodng 4 - 12% Mo, 15 - 30%Al, 1 - 5% Ni, 0 - 4%Co,
5-10%S,1-5%Si,0-0,5% V... mang lai hiéu qua kinh
té€ néu nhu thu hoéi dugc cac kim loai c6 gia tri [2]. Cac
nha may loc dau st dung nguén dau thé khac nhau thi
xuc tac thai co6 cac thanh phan khac nhau. Do vay, cac
phucng phép thu héi phai dugc diéu chinh dé phu hop
vdi tling trudng hgp va diéu kién coéng nghiép. Cac cong
trinh nghién ctu lién quan dén linh vuc nay la cac bang
sang ché trén co s& phuong phép tach - nung chay [3
- 8] va mot s6 nghién ctu khac, st dung phucng phap
ngam tach, oxy hoa dé thu héi Mo [9 - 11]. Cac nghién cdu
cho thdy, qua trinh tach cac kim loai c6 mat trong chat
xuc tac thai bang cach ngam chiét véi dung dich acid da
dugc nghién cttu bdi Mulak va céng su [12] s&r dung acid
oxalic va H,0, da thu hoi dugc 90% Mo, 94% V, 65% Ni
va 33% Al theo khéi lugng; Marafi va Furimsky [13] dung
acid tartaric thi thu dugc 93% Mo, 94% V, 83% Ni theo khoi
lugng, con st dung dung dich tach acid citric thi thu dugc
94% Mo, 94% V, 85% Ni. Nhu vay, ¢ thé st dung nhiéu
acid vo cg, hitu co khac nhau dé ngam tach thu héi cac
kim loai. Wang [14] da nghién cttu thu h6i Mo, Co va Al O,
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tur chat xdc tac thai bo tir qua trinh naphtha hydrotreating
(NHT) CoMo/AlL O, st dung kiém néng chay, sau dé bang
NH, va x{ ly ngdm tach bang acid. Chat xuc tac thai truc
tién dugc khir cé¢, sau d6 nung vai soda kiém. Vat liéu
sau khi nung dugc ngam trong dung dich NH, thu dugc
dung dich chinh chita Mo va chét ran chl yéu chua ALO,
va cobalt. Sau d6, dung dich dugc x{r ly bang HNO, va NH,
dac nham thu hoi (NH,),MoO, véi d6 tinh khiét cao.

Tuy nhién, cac nghién ctu nay cho thay, qua trinh
nung tiéu tén nhiéu nang lugng va thai mot lugng Ién SO,
ra méi trudng, Mo bi bién ddi thanh molybdates bén véi
cac tap chat nén can phai xt ly qua cac giai doan tiép theo.
Do vay, can Iva chon cdng nghé “sach” dé thu hoi kim loai
gitp gidm phét thai khi SO, _géy 6 nhiém va giam tiéu ton
nang lugng nhu st dung quy trinh ngam tach thuay luyén
strdung H,0, va Na,CO,.

Trén co s6 do, nhdm tac gid da nghién cdu thuc hién
quy trinh thay luyén trén co s& chat xdc tac thai NHT
CoMo/y-AlLO, st dung tac nhan Na,CO, va H,0, nham thu
héi MoO, tir dung dich chiét, dong thai khao sat cac thong
s t6i uu cho qua trinh tach nhu: thoi gian tuong tac, nbng
d6 cac tac nhan (Na,CO,/H,0,), pH cén béng...

2. Thuc nghiém
2.1. Chudn bi méau

Chat xuc tac thai CoMo/y-AlLQ, st dung trong nghién
clu nay thu dugc tU Phan xuéng Naphtha Hydrotreating
(NHT) clia Nha may Loc dau Dung Quat, ky hiéu la S-120
(UOP). Chat mang Al O, c6 dang vién ép kich c& 1/16", tam
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kim loai Co, Mo va khéi lugng riéng cuia xdc tac la 850kg/
m3. Xuc tac c6 hinh cau vdéi kich ¢& hat 2 x 2mm (Hinh 1).
Rua sach cac mau bang nudc da dugc khit ion, sdy khé &
nhiét dé 80°C, nghién va sang dé cac hat c6 kich ¢& dong
déu. Sau d6, phan tich thanh phan hoa hoc va tién hanh
cac thi nghiém ngam tach. Két qua phan tich thanh phan
clla mau boét xuc tac thai cho thay c6 chia 13,69% khoi
lugng Mo, 33,18% khdi lugng Al, 2,5% khéi lugng Co,
1,76% khéi lugng S va 7,92% khdi lugng C.

2.2. Nghién citu phuong phdp ngam tdch

Cho 200ml hén hop dung dich (Na,CO,/H,0,) vao
binh c4u dung tich 500ml (bit kin dé tranh bay hoi) trong
khoang 1 gid (cac thi nghiém ban dau cho thay can bang
thu dugc trong khoang 1 gio). Ty lé gilta chat xuc tac véi
dung dich chdt ngam tach c6 ty l1é 1 : 5 (theo thé tich).
H6n hgp dugc khudy véi téec do 300 vong/phut, sau d6 loc
can bang thiét bi loc chan khéng, st dung gidy loc mang
kich ¢& 0,2um. Phan tich thanh phan Mo, Co va Al bang
phuong phap phan tich phé tan xa nang luong tia X két
hop véi thiét bi hién vi dién t& quét (SEM-EDX) va phuong
phap phd hap phu nguyén t (AAS) sau khi pha lodng hén
hop & muc do phu hop dé danh gia hiéu qua ngam tach.
Mo dugc thu hoi bang viéc st dung carbon hoat tinh va
khir hap phu bang dung dich NH,OH.

2.3. Cdc phuong phdp phan tich

S dung phuang phap phé hap phu nguyén ti dugc
st dung dé xac dinh ham lugng kim loai trong dung dich
tach. Cac mau dugc do tai Vién Héa hoc, Vién Khoa hoc va
Coéng nghé Viét Nam.

Phuong phap nhiéu xa tia X dugc si dung dé nghién
clfiu cdu trdc xdc tac thai dugc do tai Trudng Pai hoc
Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noéi trén may
D8-Advance-Bruker véi tia phat xa CuKa c6 budc séng
L = 1,5406A, cong suat 40KV, 40mA.

Phuong phép phan tich phé tan xa nang lugng tia
X (EDX) dugc phan tich trén may JSM 6490-JED 2300,
JEOL, Nhat Ban tai Trung tam Danh gia Hu héng Vat liéu
(COMFA) - Vién Khoa hoc Vat liéu.

S dung phuong phap quang phé héng ngoai bién
déi Fourier (FT-IR) do mau trén may FTIR IMPAC-410 trong
vlung 4.000 - 400cm™ tai Pai hoc Su pham Ha Noi.

3. Két qua phan tich mau xuc tac thai

Ph& nhiéu xa X-ray cGla mau ban dau (Hinh 2) cho thay
xUc tac thai ban dau cé chira cac ion Co va Mo 6 dang cac

Hinh 1. Mdu xiic tdc thdi CoMo/y-AL0, tir Phdn xuéng Naphtha Hydrotreating
ctia Nha mdy Loc ddu Dung Qudt
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Hinh 2. Méu XRD ciia mdu iic tdc thdi CoMo/y-AL0,

oxide, cling nhu la dang sulphide tuong Uing, trong dé Al &
dang ALO, va sulphur (S) & trang thai nguyén t&. Trén phé
X-Ray goc 16n xudt hién cac dinh (peak) 16n 20 = 38°, 46°,
67°. Day la cac peak dac trung cho vat liéu y-ALO,. Cudng
d6 peak thap cho théy cdu tric pha tinh thé y-AlLO, bi anh
hudng va c6 xu hudng chuyén vé dang vé dinh hinh trong
mau xuc tac thai.

Két qua st dung phuong phéap phan tich phé tan xa
nang lugng tia X két hgp vdi thiét bi hién vi dién ti quét
(SEM-EDX) khao sét su c6 mat ctia thanh phan cac nguyén
t6 trong xuc tac thai dugc trinh bay & Hinh 3 va Bang 1.

Dé xac dinh sy ton tai clia cac lién két trén xuc tac thai
CoMo/y-AlLO, st dung phuong phap quang phd héng
ngoai bién déi Fourier..

TU phé d6 hong ngoai bién déi FT-IR (Hinh 4) ¢6 thé
nhén thdy cac dao dong héa tri n_, n_,, tuong lng vdi
cac peak 1.234, 1.096, 868cm'va dao dong hoéa trin, &
538cm’. Nhu vay, mau xuc tac thai ¢ cac lién két C - H,
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C-CvaAl-C, ching té ton tai mot lugng dang ké carbon
lang dong. K&t qua nay phu hgp véi két qua phan tich ty
I& ham lugng carbon va cac nguyén t6 khac theo phuong
phap phan tich phé tan xa nang lugng tia X va thiét bi
hién vi dién t&r quét da trinh bay & trén.
Bding 1. Két qud phan tich EDX thanh phan hda hoc chdt xiic tdc thdi
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Hinh 4. Phd d6 hng ngoai bién doi (FT-IR) cia méu xiic tdc thdi CoMo/y-AL0,
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Tu két quad phuong phéap phan tich phé tan xa nang
luong tia X, xUc tac thai c6 ham lugng S khong nhé
(1,76%) va da xay ra hién tugng c6c hda (carbon trén xdc
tac 7,92%). K&t qua phan tich nhiéu xa tia X (XRD) cho
thay ¢6 su hinh thanh cac peak mdi cta S, C va phé FT-
IR chitng minh cé su hinh thanh céc lién két cta C trén
bé mat xuc tac. Trén ca s& do, quy trinh ngam tach xuc
tac thai st dung H,0, va Na,CO, dugc lya chon dé oxy
héa hop chat chia carbon va luu huynh ti xuc tac thai,
khéng dung nhiét nham tranh phat thai khi ra ngoai
moi trudng.

4. Két qua va thao ludn quy trinh tach Mo tir xic tac thai

4.1. Nghién ciu dnh huédng ciia néng dé dung dich
ngdm tdch

Anh huéng clia néng do Na,CO, va H,O, riéng biét
dén hiéu suat ngam tach Mo dugc thé hién & Hinh 5(a) va
5(b). Thi nghiém dugc thuc hién bang cach hoa tan mau
xUc tac thai trong nudc cat & nhiét d6 phong (khoang 20%
Mo hoa tan), sau d6 tang nhiét d6 dén 80°C (khoang 24%
Mo hoa tan) trong thdi gian 4 gio.

Viéc tang nong dé Na,CO, tlr 20 - 40g/I lam tang hiéu
sudt tach Mo tlr 20 - 40%. T néng d6 Na,CO, 409/l trg lén,
hiéu suat tach Mo dugc duy tri gan nhu khéng déi. Ngugc
lai, hiéu suat tach Mo ¢é xu hudng tang ti 17,5 - 72% khi
tang néng d6 H,0, tr 2 - 8% theo thé tich. Cung véi su
tang néng d6 H,0, thi nong do clia cac tap chat nhu Al va
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Co trong dung dich tach ciing tdng lén. Nhu vay, dé hiéu
qua tach Mo dat cuc dai va cac tap chat trong dung dich
ngam tach la nhé nhat, nghién cdu tiép theo sé khao sét
hiéu suat tach khi c6 dinh mét trong hai tac nhan va thay
dé6i tac nhan kia. Trén co s& két qua XRD thu duoc, c6 thé
nhan thay Mo ton tai dudi dang MoS.,. Do d6, viéc st dung
Na,CO, va tac nhan H,O, s& gilp qua trinh oxy hda-kh
MosS, xay ra trong khi dé tuong tac tuong tu sé khong xay
ra déi véi hgp chat clia Al va Co.

Hinh 6a dua ra anh hudng clia néng d6 Na,CO, (20 -
90g/I) dén hiéu suat tach Mo, Co va Al § néng dé H,0, c6
dinh 6% thé tich.

K&t qua cho thay, hiéu suat tdch Mo cao nhat dat 85%
v6i ndng d6 Na,CO, 409/l va gidm dan sau d6. Do vay, cac
thi nghiém véi néng dé Na,CO, 40g/I dugc lua chon. Anh
hudng cia ndng dé H,0, 3 - 8% (theo thé tich) dén hiéu
suat tdch Mo va cac tap chat khac va gilt ¢6 dinh néng dé
Na,CO, 40g/I dugc thé hién trén Hinh 6b.

K&t qua cho thdy, hiéu suat tach Mo giam dan khi
néng do H,0, I6n han 6% thé tich va phan tram Co va Al
lai tdng lén do tinh chat acid ctia dung dich tach (giam
pH tur 6,4 dén 3,7). Nhu vay, c6 thé nhan thay, tiing néng
d6 riéng biét ctia Na,CO, va H,0, c6 anh hudng dang ké
dén qua trinh hoa tan Mo khi dat t6i cuc dai. Khi ndong do
Na,CO, va H,0, cao, cac chat nay tuong tac lan nhau hinh
thanh sodium percarbonate 2Na,CO,. 3H,0,lam gidm kha
nang tac nhan phan (ng vai chat xuc tac, két qua la lam
giam hiéu suat tach Mo.

So sanh két qua thu dugc trong qua trinh tach Mo, Co
va Al ¢6 thé nhan thdy, hiéu suat tach Al kha thap (khoang
2%) (Hinh 6b) khinong d6 H,0, téng |én dén 8%. Trong khi
d6 véindng do H,0, 6%, hiéu suat tach Mo da dat téi 83%.
Trong trudng hop ctia Co hiéu suat tach rat thap (khoang
1%) khi ndng d6 Na,CO, tang lén dén 80g/I. Trong khi do,
& nong d6 Na,C0O,40g/Ithi hiéu suat tach Mo da dat 85%
(Hinh 6a).

Qud trinh thu hoéi Mo tir xuc tac thai sit dung dung
dich Na,CO, trong su c6 mat clia tdc nhan oxy héa H,0O,
€6 thé xay ra theo cac giai doan sau: truéc tién xay ra qua
trinh oxy hoa sulphides thanh sulphate va nhan thay
qua trinh nay tdéa nhiét, ti€p theo la phan Ung ctia Mo
vOi Na,CO, hinh thanh Na,MoOQ,. Nhu vay, vai tro cla tac
nhén oxy héa (H,0,) lam pha vé& hgp chat MoS, va chuyén
thanh Mo kim loai va chuyén trang théi oxy héa clia S téi
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Hinh 7. Két qud phan tich SEM/EDX ctia mdu xic tdc thi CoMo/y-ALO, sau khi tdch Mo

Bding 2. Két qud phan tich EDX thanh phdn hda hoc chdt xiic tdc thdi sau khi tdch Mo

HDS C 0] Na Al S
5,80 45,30 4,79 38,51 0,61

Si P Co Mo
0,18 0,27 2,96 1,58

Téng (%)
100,00
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muc oxy hoéa cuc dai va oxy hda carbon
trong dau va carbon ty do thanh CO,
va H,0. Vai tro ctia Na,CO, la dé tuong
tac véi Mo ty do hinh thanh dung dich
Na,MoO,, su trung hoda SO, dugc tao
ra trong sudt qua trinh oxy héa thanh
dung dich Na_sO,, do do, tranh duoc
cac van dé vé moi trudng. Phan ting cua
Mo trong chat xuc tac thai véi Na,CO, va
H,0, dugc thé hién theo phuong trinh
sau:

Mos, + 3Na,CO, + H,0, + 40, —
Na,MoO, + 2Na_SO, + H,0 + 3CO,

Theo phuong trinh trén, 1 mol
Na,CO, dugc sir dung dé hoa tan 1 mol
Mo; 2 mol carbonate dugc st dung dé
trung hoa SO, dugc tao ra trong suét
qua trinh oxy héa dé tao thanh sulphate
[9]. Nhu vay, khi s dung Na,CO, va
tdc nhan oxy hoa H,O,, chat thai thu
dugc sau phan tng la dung dich muéi
Na_SO, trung hoa va khi CO, dugc phat
thai tuong Ung véi s6 lugng Na,CO, suf
dung ban dau.

TU két qua nghién cliu trén c6 thé
két luan véi nong doé Na,CO, 409/l va
H,0, 6% (theo thé tich) da dat dugc
hiéu suat tach cao véi khoang 85% khéi
lugng Mo trong khi néng d6 tap chat
trong dung dich chiét thap nhat. Két
qua dugc dua ra ¢ Hinh 7 va Bang 2.

Nhu vay, dé thu héi chon loc Mo tur
dung dich tach, phuong phap s dung
carbon hoat tinh da dugc ap dung. Sau
do, hap phu Mo mang trén carbon da
dugc khir bang dung dich NH,OH véi
néng dé thich hop.

4.2. Qud trinh tinh ché Mo tirdung dich
tdch

Su hap phu chon loc Mo tur dung
dich bang carbon hoat tinh da duoc
nghién cdu trudc dé bai Sigworth [12].
Trong nghién ciu nay, nhom tac gia tién
hanh khao sat cac théng s6 nhu pH, ty
trong bun va thaoi gian anh hudng dén
hiéu suat hap phu chon loc. Hinh 8a cho
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thdy anh hudng pH (tir 0,5 - 3) ctia dung dich tach dén qua
trinh hap phu Mo va cac tap chat khac, ty trong bun duy
tri & muc 40% va trong khodng thai gian 4 gio.

Quié trinh hap phu dugc st dung dé thu héi Mo ¢ dé
tinh khiét cao khi thuc hién & pH thap. V6i pH thap (trong
khoang 0,5 - 1,0), khoang gan 99% khéi luong Mo dugc
hap phu trén carbon hoat tinh trong khi d6 chicé 27 - 35%
khéi lugng Al va lugng nho Co dugc hap phu. Do vay, pH
cta dung dich chiét dugc gilt khéng déi & 0,75 cho cac
nghién cdu sau.

Hinh 8b cho thay dnh hudng clia thai gian dén % Mo
hap phu. Diéu nay c6 thé nhan thay thai gian ti€p xuc 3 gid
dd cho qué trinh hap phu 6n dinh. Vi vay, tat ca cdc nghién
ctu dén qua trinh hap phu dugc dua trong khoang thoi
gian tiép xuc la 3 gid.

Su khtr hdp phu Mo dugc nghién cliu vai ty trong bun
c6 dinh la 30% khoi lugng cling véi cac nong d6 NH,OH tir
7,5 - 25% thé tich (Hinh 9).

Su khitrhap phu véi lugng Mo thu dugc cuc dai tuong
Uing véi 15% thé tich NH,OH, Al khtr hdp phu khoang 58%.
pH cta dung dich trong khodng 9,5. Dung dich nay dugc
acid héa bdng viéc stt dung dung dich HCl t&i pH = 2 va
dun nong dén nhiét d6 90°C dé két tta mudi (NH,),MoO,.
Véi pH nay hau hét toan bé ammonium molybdenum
dugc két tia ngay sau do. Két tlia dugc loc, rifa bang nudc
kh(rion dé trung hoa pH. Cuéi cling sdn pham dugc nung
& 450°C dé dua vé dang MoO, va thu dugc do tinh khiét
cla san pham trén 95%.

5.Kétluan

Nghién ctiu nay cho thay tinh kha thi cla viéc thu
héi chon loc Mo dang MoO, tlr xtc tac thai clia qud trinh
hydrodesulphur qua viéc hinh thanh (NH,),MoO, bang
qua trinh hap phu chon loc carbon tir dung dich tach soda
vGi chi phi thap, than thién véi moi trudng.

Vi quy trinh nay, S va C trén xuc tac thai dugc chuyén
thanh CO, va Na_SO, khong géy tac hai dén moi trudng.
Phan ting cla chat xdc tac thai véi tac nhan oxy héa H,0,
la phan Ung tda nhiét, c6 téc dé nhanh va tu duy tri. Hiéu
suat ngam tach Mo va cac tap chat khac nhu Al va Co phu
thudc vao ndng dod tac nhan oxy hda va soda trong moi
trudng phan tng. Qua trinh x ly sdn phdm thu héi Mo tu
dung dich chiét qua qua trinh hap phu carbon hoat tinh
va khirhdp phu véi dung dich NH,OH da dugc ép dung dé
thu dugc san pham MoO, véi d6 tinh khiét dat trén 95%
va hiéu suat thu hoi Mo téng thé dat 85% khéi lugng. Viéc
tai sinh than hoat tinh d€ dung lai da dugc chiing minh.
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Application of oxidative and soda leach method
for selective recovery of molybdenum from spent
hydrodesulfurisation catalysts

Summary

Pham Xuan Nui, Pham Son Tung
University of Mining and Geology

The spent catalysts of these processes contain about 4 - 12 wt% molybdenum (Mo) and will bring economic benefits if
the valuable metals are recovered. In this article, the authors investigate the process of molybdenum recovery from
spent hydrodesulphurisation (HDS) catalyst using the mixture of sodium carbonate and hydrogen peroxide mixture.
Molybdenum recovery is dependent on the concentration of Na,CO,, H,0, and pH in the reaction medium. Under the
appropriate reaction conditions as 40g/L Na,CO; 6 vol.% H,0,, room temperature, and reaction time = 2 hours, a
molybdenum yield of 85% could be achieved. Carbon was used as asorbent for the recovery of molybdenum from the

leach solution. With this method, recovery of molybdenum as MoO, product of 95% purity was achieved.

Key words: Spent HDS catalyst, Molybdenum trioxide, soda leach, H,O, oxidative.
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