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Bai bdo gidi thiéu két qud nghién citu qud trinh hoa tdch xiic tdc thdi Cu0-ZnO-AlO, ciia qud trinh chuyén héa CO
nhiét dé thdp bdng acid, sau dé tién hanh dién phan thu héi Cu. Két qud cho thdy qud trinh héa tdch bdng acid sulfuric
(H,50,) néng dé acid 1M, trong thoi gian 3 gio cho két qud tét tai nhiét d6 50°C, ty Ié ran/Iong = 5%. Cu kim logi duoc thu
héi hoan toan bédng qud trinh dién phdn sau 7 gié véi diéu kién mdt dé dong 3,5A/dm?>.

Tir khéa: Xic tdc thai chuyén héa CO nhiét @6 thdp, hoa tdch, H,50,, HNO,, dién phan, thu héi Cu.

1. Mé& dau

Lua chon cdng nghé phu hgp dé xu ly xuc tac
thai ran dang la van dé dugc nhiéu nha khoa hoc
trong va ngoai nudc quan tam. Xuc tac thai can phai
dugc thu héi va xt ly cdn than trudc khi thai ra méi
truong [1, 2]. Cdc nha mdy Bam Phu My va Ca Mau,
Loc dau Dung Quat di vao hoat dong da va dang
thai ra mot luong xuc tac thai I6n, do vay can co cac
bién phap xt ly thich hgp. Qua trinh chuyén héa CO
nhiét d6 thap la qua trinh s dung trong nha may
dam nham chuyén héa CO bang hoi nudc sir dung
hé xic tac CuO-ZnO-Al0, (xic tac Nha may Bam
Phua My cé thanh phan: CuO 45 - 55%, ZnO 25 - 35%,
AIZO3 5-15%, CuCO, 2 - 5%). Sau mot thai gian lam
viéc, xuc tac bi mat hoat tinh do c6c che phd bé mat,
bi ngd doc bai tap chat hodc bi chuyén pha. Xuc tac
thai (sau 5 ndm st dung) ctia qua trinh nay chiia moét
lugng CuO I6n khéng thé chén 1ap vi anh hudng dén
moi trudng (CuO cé thé gay doc vai phdi, mang co,
néu tiép xuc véi CuO trong mot thdi gian dai c6 thé
gay hai cho co thé ngudi), vi vay luong Cu trong xuc
tac thai can dugc thu hoi, tai s dung.

Qué trinh thu héi kim loai tir xdc tac thai thudng
dugc tién hanh bang qua trinh hoa luyén va thay
luyén. Qué trinh thay luyén than thién véi méi trudng
hon va chi phi thdp hon nén chiém uu thé [3]. Tac
nhan hoa tach cé thé Ia dung dich kiém (ammoniac,
mudi amoni, NaOH, Na,CO,...), acid vo co (sulfuric,
nitric va hydrochloric acid...) hodc acid hiu co
(tartaric, oxalic va citric acid...) [1]. Qua trinh hoa

tach dé thu kim loai tir xUc tac thai bang acid vé co la qué trinh
hay dugc sir dung nhat [4]. Trudc khi ti€n hanh hoa tach, xtc
tac thai thudng dugc x( ly nhiét dé loai bd cdc, hydrocarbon va
mot s6 tap chat khac, nham tang cudng hiéu qua hoa tach [5].

Viéc nghién ctiu cong nghé thu héi kim loai ti xtc tac thai
ran viia co y nghia ly thuyét vira c6 y nghia thuc t&, gop phan
bao vé méi truong va thu hoi kim loai tur chat thai ran. Trong
nudc da cé mot s6 cong trinh nghién clu qua trinh x{ ly, tai
st dung xuc tac thai cia nha may loc dau va thu hoi Ni ti nha
may dam [6]. Qua trinh thu héi Cu ti xtc tac thai ciia nha may
dam chua dugc nghién cdu. Bai bao trinh bay két qua nghién
ctu cong nghé thay luyén (hoa tan xuc tac thai CuO-ZnO-AlLO,
cla qua trinh chuyén héa CO nhiét d6 thap trong acid), sau dé
tién hanh dién phan thu hoi Cu. Bay la mét trong nhiing céng
nghé co tinh kha thi cao: via tiét kiém nang luong, viia bao vé
moi trudng.

2. Thuc nghiém

Xuc tac trudc khi hoa tach dugc nghién téi kich thudc
0,5mm, nung & 800°C trong 3 gio. Qua trinh hoa tach xuc tac
thai chira Cu dugc thuc hién véi acid sulfuric va acid nitric néng
dd 0,5 - 2M, tU nhiét d6 phong dén 90°C, trong khoang thdai
gian 1 -3 gid va ty & ran/ldong: 3 - 6%. Dung dich hoa tach thu
dugc sau khi loc dugc dem dién phan. Mat d6 dong gidi han
clia qua trinh dién phan dugc xac dinh trén mdy do dién héa
Potentiostat/Galvanostat (Autolab PGSTAT 302N). Qud trinh
khdo sat dudng cong dién héa dugc thuc hién trong binh
do dién héa ba dién cuc véi dién cuc déi platin, dién cuc lam
viéc bang dong va dién cuc so sanh calomen. Trong qua trinh
nghién ctu dién phan, dién cuc anode dugc ché tao tur thép
khéng gi, cathode bang déng, mach dién phan c6 mac thém
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dién lugng ké déng dé xac dinh hiéu suat dong dién. Bo
nguén dién 1 chiéu c6 chiic nang 6n dinh dong duoc sur
dung trong khao sat qua trinh dién phan.
Hiéu suat dong dugc tinh theo céng thic:
31,785 x m, x 100
= %
axC

@

Trong do:

m_: Khéi lugng déng két tha trén cathode dung dich
dién phan (9);

a: Khoi lugng déng két tua trén cathode dung dich
dién lugng ké (g);

C:Trong lugng duong lugng cla kim loai lam cathode
=31.785.

Hiéu suat thu hoi dugc tinh theo cong thic:

m-m’
n% =

%
Trong do:

m: Ham luong dong trong dung dich ban dau (g/1);

m’: Ham lugng déng trong dung dich sau dién phan
(g/)).

Ham lugng d6ng trong dung dich dugc xac dinh bang
UV-Vis tai budc song 805nm [7]. Xuc tac thai va phan ba
con lai phan tich dac trung bang phuong phéap XRD (thuc
hién trén may D8 Advance - Bruker) va FESEM (thyc hién
trén mdy Hitachi S4800) dugc két noi véi EDX (trén may
JEOL - JED 2300).

Pudng chudn UV-Vis clia Cu?* khi c6 mat Zn?* dugc
thé hién trén Hinh 1.
3. Két qua va thao luan
3.1. Ddc trung xuc tdc thdi trudc va sau khi nung

Xuc tac thai lay tor Nha may Bam Phu My trudc va sau
khi nung dugc tién hanh chup anh SEM, phan tich thanh

phan héa hoc bang EDX va thanh phan pha bang XRD. Két
qua dugc trinh bay trong Hinh 2, 3 va Bang 1.

2,5
2 y=0,0671x+0,0645 .
” 1[5 Rz = 0[9998 o
S e
° T e
0,5 o L
o e
0 5 10 15 20 25 30

Cu?* (g/1)

Hinh 1. Buong chudn UV-Vis ciia Cu* khi cé mdit Zn’* dugc xdc dinh
@ budc séng 805nm
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Bding 1. Thanh phdn xiic tdc thdi trudc va sau khi nung (tinh theo EDX, do cho cdc nguyén o'« ham lugng Ion hon 1%)

Mau

C Al
Xuc tac thai nghién 1 27,69 3,46
Xuc tac thai nghién 2 23,22 3,79
Xuc tac thai nghién 3 28,36 3,46
Trung binh 26,42 3,57
Xuc tac thai nung - nghién 1 6,20 6,73
Xuc tac thai nung - nghién 2 7,29 717
Xuc tac thai nung - nghién 3 2,71 7,53
Trung binh 5,40 7,14
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Hinh 3. Gidn d6 XRD ca mdu xiic tdc thdi trudc va sau khi nung

Piéu kién hoa tach: 50°C
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Hinh 4. Ainh huéng cia ndng dé acid dén qud trinh hoa tdch

cu?t (g/l)

% khdi lugng

Cu Zn o
31,07 15,98 21,71
32,26 16,51 24,22
29,02 15,66 23,50
30,78 16,05 23,14
41,11 26,61 19,24
39,94 25,25 20,36
43,12 27,99 18,65
41,39 26,62 19,42

Anh SEM cho thay xtc tac thai bi thiéu két
va ¢ mét lugng I6n c6c bam trén bé mat, day
la nhirng nguyén nhan quan trong nhat gay mat
hoat tinh xtc tac. Ham lugng C tinh theo EDX la
26,42%. DE tang kha nang khuéch tan cla acid
vao phia trong hat xuc téac, can loai bd céc bang
cach nung. Sau khi nung ham lugng C giam
xuéng con 5,4% (Bang 1).

Gian d6 XRD cho thay ngoai 3 thanh phan
Cu0-ZnO-Al0,, trong xuc tac thai con ton tai
pha CuALOQ,. Nhu vay, ngoai nguyén nhan mat
hoat tinh do tao c6c, mét nguyén nhan mat hoat
tinh khéc c6 thé ké dén la sy tuong tac cia CuO
v6i ALO, dé tao thanh CuAlO,. Sau khi nung, pha
AlLO, trong xuc tac thai khéng con, c6 thé & nhiét
d6 cao pha nay da bi chuyén sang dang CuAlO,
theo phan Ung:

Cu0 + ALO, - CuAlp,
3.2. Nghién ciru qud trinh hoa tdch bédng acid
3.2.1. Nghién ctru anh huéng cia néng dé acid

Nhom tac gid da nghién cdu qud trinh hoa
tach bang acid sulfuric v6i néng dé acid thay déi
tir0,5-1-2M, diéu kién hoa tach & nhiét do 50°C.
Két qua cho thay, khi ting nong d6 acid tur 0,5
dén 1M, do hoa tach tang 1én dang ké, tiép tuc
tang néng do acid 1én 2M d6 hoa tach hau nhu
khong tang, vi vay nong dé acid 1M dugc lua
chon cho céc nghién ctu tiép theo (Hinh 4).

3.2.2. Nghién ctu dnh hudéng cua ty Ié rdn/léng

Anh hudng cla ty lé rdn/Idng dugc trinh bay
trong Hinh 5. Diéu kién hoa tach & nhiét d6 50°C,
néng do H,SO, 1M, ty |é rdn/long tir 3 dén 6%.

Ty lé ran/I6ng thap, luong xuc tac thai it nén
lugng Cu thu héi dugc thap. Khi tang ty 1é ran/
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30 biéu kién hoa tach: H,S0, 1M, 50°C
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Hinh 5. Ainh huéng ctia tj ¢ riin/Iong dén qud trinh hoa tdch

Bding 2. /inh hutng ciia logi acid dén khd néing hoa tdch

Tyle  Nhiétdé Thaigian
Loaiacid rdn/ldng hoatich héatach g/l Cu**
(%) (°Q) (gid)
H,S0, 1M 5 50 3 26,41
HNO, TM 5 50 3 24,25
CH,COOH 1M 5 50 3 3,35

I6ng 1&én 6%, lugng Cu thu dugc gidm, diéu nay cé thé
giai thich do &ty lé nay lugng chat ran tang lam tang mat
dd ran trong dung dich dan téi giam kha nang ti€p xudc
gilra xUc tac thai va dung dich hoa tach do vay lam gidm
hiéu qua hoa tach. Két qua cho thay &ty 1é ran/Iong = 5%,
luong Cu thu dugc cao nhat.

3.2.3. Nghién cdu anh huéng cua logi acid

Tién hanh hoa tach trong cung diéu kién ty lé ran/
Idng, nhiét do, thoi gian hoa tach, st dung céac acid
khac nhau. Két qua trinh bay trong Bang 2. Trong 3 loai
acid st dung, acid sulfuric cho hiéu qua tach tot nhat.
Acid acetic hau nhu khéng hoa tach dugc Cu & nhiét
do thap.

Phan ba thai rdn sau hoa tach dugc phan tich bang
SEM-EDX, két qua dugc trinh bay trong Hinh 6 va Bang 3.

Sau khi hoa tach ham lugng Cu trong ba thai gidm di
dang ké, lugng Cu con lai 1a 2,31 - 2,44%. Can bang vat
chat ctia qua trinh hoa tach (xac dinh theo EDX) dugc trinh
bay trong Bang 4.

Nhu vay quad trinh hoa tach da tach dugc > 98% lugng
Cu trong mau xuc tac thai.

Gian d6 XRD cGia mau ba thai sau qua trinh hoa tach
dugc trinh bay trong Hinh 7.

Sau qua trinh hoa tach, cac pha CuO va ZnO khoéng
con, chiing t6 CuO va ZnO da bi hoa tan hét, mau ba thai
chi con tén tai pha CuALO,, day la pha tuong do6i bén. Két
qua nay ciing phu hop véi két qua phan tich EDX (ham
luong Cu trong ba thai van con 2,31 - 2,44%).
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Hinh 6. Ainh SEM - phd EDX mdu bd thdi sau khi hoa tdch bing H,50, va HNO,
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Bdng 3. Thanh phdn bd thdi sau khi hoa tdch bing H,50, va HNO, (tinh theo EDX)
% khéi luong

Mau c Al Cu Zn s )
B4 H,SO, - 1 24,90 8,43 2,37 18,40 4,03 41,77
B& H,S0, - 2 16,94 15,67 2,45 21,70 2,68 40,44
Ba H,S0O,-3 21,90 12,50 2,12 18,52 2,82 41,95
Trung binh 21,25 12,20 2,31 19,54 3,18 41,39
Ba HNO;, - 1 14,33 20,66 2,19 25,48 0,00 37,34
Ba HNO, - 2 12,03 21,72 2,43 26,86 0,00 36,96
Ba HNO, - 1 9,52 22,04 2,70 26,45 0,00 39,29
Trung binh 11,96 21,47 2,44 26,26 0,00 37,86
Bding 4. Cdn béng vt chdt cda qud trinh hoa tdch (tinh tir két qud EDX)

Mau Khéi lugng mau (g) % Cu Cu(g) % Cu bi hoa tach
Xuc téc sau nung 5 41,39 2,07
Ba thai H,S0, 1,342 2,31 0,03 98,55%
Ba thai HNO, 1,311 2,44 0,032 98,45%
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Hinh 7. Gidn d6 XRD mdu bd thdi qud trinh hoa tdch bang H S0, va HNO,

Diéu kién hoa tach: H,S0, 1M
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Hinh 8. Anh huéng cda nhiét d6 va thoi gian hoa tdch

3.2.4. Nghién cttu anh hudng cua nhiét d6 va thoi gian
hoa tdch

Anh huéng clia nhiét d6 va thai gian hoa tach dugc
trinh bay trong Hinh 8.

Thoi gian hoa tach tang, luong dong thu dugc
cling tding nhung khéng nhiéu. G nhiét d6 thap dusi
50°C, qué trinh hoa tach khéng bi anh hudng nhiéu bai
nhiét dg, tuy nhién khi tang nhiét d6 1én 90°C qua trinh
hoa tach giam. K&t qua tuong tu cling dugc I.M.Ahmed
va cong su cdng b [8]. Diéu nay c6 thé giai thich do &
nhiét do cao, Zn bj hoa tan sé bi polymer héa va thay
phan, lam gidm hiéu qua qud trinh hoa tach. Qua trinh
hoa tach & nhiét d6 25°C cho hiéu qua thu hoi Cu tuang
tu nhu & 50°C, nhung dé nhdét clia dung dich cao hon,
lam qua trinh khuay trén khé hon. Khi tién hanh trong
phong thi nghiém & lugng nho, anh hudng cdia d6 nhét
khong 16n, tuy nhién, néu tién hanh & quy mé 16n hon,
dé nhét sé anh hudng dang ké, vi vay nhiét d6 50°C van
dugc chon la nhiét do thich hop cho qua trinh hoa tach.

3.3. Nghién ciru dién phén thu héi Cu tir dung dich da
hoa tdch

3.3.1. Xdc dinh mdt dé dong téi han véi dung dich mé phdng

DPé tim dugc mat doé dong dién hgp ly trong qua
trinh dién phan nhém tac gia tién hanh do dudng cong
phan cuc ctia cdc mau trudc khi ti€n hanh dién phan.

Tu dudng cong phan cuc nhan thdy mat dé dong
t&i han d6i vai dung dich hoa tach la 0,07A/cm? hay 7A/
dm2. Vi vay, d€ dam bao hiéu suat cao cho qua trinh
dién phan thu héi déng, qua trinh dién phan dung dich
hoa tach xuc tac thai dugc tién hanh véi mat dé dong
<3,5A/dm>.
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Bdng 5. Anh hung cia mdt do dong tdi hiéu sudt dong va hiéu sudt thu hoi Cu

Dung dich Hiéu suat dong Hiéu suat thu héi Cu (%)
diénphandmatdé  m, trén cathode = m, trén cathode b (%) Ham lugng Cu?*  Ham lugng Cu®* (%)
dong (A/dm?) dién phan (g) dién luong ké (g) ? ban dau (g/1) con lai (g/1) e
Dc=3,5 9,79 11,901 82,34 26,40 0,965 96,51
Dc=3 8,82 9,113 96,80 26,40 5,189 80,34
Dc=2 6,69 6,780 98,76 26,38 9,08 65,58
3.3.2. Nghién ctu anh hudng cia mdt dé dong tdi kha ndng
thu héi Cu tir dung dich da hoa tdch Tk
\ 1 (A/cm?)
Tién hanh qua trinh dién phan 8 mat d6 dong 2 - 3 va AN 08
3,5A/dm? tai nhiét d6 phong, két qua thu dugc sau 6 gis AN 3‘?
dién phan dugc trinh bay trong Bang 5. N\ 0,07 i
. n A g A . o N N . n ~ o E(\) N— ¥ -
Khi mat d6 dong dién 4p ddt vao binh dién phan tang, w7 : : : : 0 ‘
-1,2 -1 08 06 04 02 0 0,2

lugng déng thu héi tang lén dang ké, thé hién qua viéc
tang hiéu suat thu hoi déng (n), diéu nay pht hop véi dinh
luat Faraday cua qua trinh dién phan. Khi mat dé dong
dién phan tang, dién lugng qua mach sé tang Ién. Do do,
lugng déng két tua lén dién cuc cathode ty 1é thuan vai
dién lugng qua mach, sé tang Ién clng vdi viéc tang dong
dién phan. Tuy nhién, khi tang mat dé dong dién phan,
hiéu suat dong sé giam do trong cing moét khoang thoi
gian dién phan, khi dién phan & mat dé dong cao, lugng
ion dong sé giam nhanh, dan dén mat d6 dong gidi han
clia qud trinh dién phan sé gidm, qua trinh gidi phdéng
hydro c6 thé dién ra lam gidm hiéu suat dong dién phan
déng.

3.3.3. Nghién ctu anh huéng cua thoi gian dién phan

Anh hudng ctia thai gian dién phan dén kha ning thu
héi déng ti dung dich hoa tach xuc tac thai dugc trinh
bay trong Hinh 10 va 11.

Hiéu suat thu héi clla cac mau dién phan tang dan
theo thai gian. Theo dinh luat Faraday, lugng kim loai két
tha & dién cuc cathode ty Ié thuan véi lugng dién tich qua
mach, do d6 ty |é thuan véi thai gian dién phan. G mat
d6 dong 3,5A/dm?, sau khodng thai gian 7 gio dién phan
hiéu suat thu hoi dong dat cao nhat (~ 100%).

Két luan

- Nhom téc gid da nghién ctu qua trinh hoa tach
xUc tac thai cda qua trinh chuyén héa CO & nhiét d6 thap
ctia Nha may Dam Phu My bang acid sulfuric, sau d6 dién
phan thu héi déng.

- Céc diéu kién thich hgp cho qua trinh hoa tach la

H,SO, néng do acid 1M, trong thdi gian 3 gid tai 50°C, ty
I& ran/Idng = 5%, ham lugng Cu?* thu dugc dat 26,41g/l.
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Hinh 9. Dudng cong phdn cuc trong dung dich mé phdng vdi nong dé (u** = 30g/1

Cu?* (g/)

% thu hoi

30
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100
80
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-2 3 8
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Hinh 10. Anh huéng ciia thei gian dién phdn dén hiéu sudt thu héi (u*

Hinh 11. Dung dich Cu sau 1- 8 gio dién phdn
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- Qua trinh dién phan véi mat d6 dong cang cao thi
hiéu sudt dong cang giam va hiéu sudt thu héi déng cang
cao. Sau 7 gid dién phan tai mat dé dong 3,5A/dm? hiéu
suat thu héi déng dat ~ 100%.

- Cac két qua nghién ctu cho thdy c6 thé hoa tach
trén 98% lugng Cu trong xuc tac thai va thu héi gan 100%
lugng Cu trong dung dich da hoa tach. Pay la qua trinh
c6 trién vong, tuy nhién dé co6 thé 4p dung trong céng
nghiép can tiép tuc nghién cdu tai s&r dung acid sau khi
dién phan.
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The paper presents the results of leaching CuO-Zn0O-Al, O, spent catalyst of low temperature water gas shift by
acid and then electrodepositing the leaching solution to recover copper. It was found that the suitable conditions
for copper leaching from low temperature water gas shift’s spent catalyst are at 50°C with TM H,SO, and solid/liquid
ratio of 5%. Copper was totally recovered after 7 hours with a current density of 3.5A/dm?.

Key words: Low temperature water gas shift’s spent catalyst, leaching, H,SO,, HNO,, electrolysis, copper recovery.
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