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NGHIEN CUU XU LY NIKEN, KEM, PONG VA CHI
TRONG MOI TRUONG NITRAT BANG VO NGAO
Study on treatment of Ni, Zn, Cu, and Pb in nitrate medium by oyster covers

Hupnh Trung Hii va Trin Lé Minh
Vién Khoa hoc va Céng nghé Méi trucng
Truong Dai hoc Bdch khoa Ha Néi

TOM TAT

O nhiém mwdc thai dang la van dé nong bong ma nhreu muege trén thé gidi dang pha1
ganh chiu, dac biét o cdc nudc dang phat trién. Mor 56 cdc ion kim logi ninr N, 7’
Ci’ va PbY €6 mdt trong nude tir san xudt cong nghlep co nong dé cao gdy nén nhuﬂg
tdc dong nghiém trong 161 moi truong. Ngdy nay, cong nghé xir Iy medc thai chira kim
logi ngng ihwang su dung la pheong phdp két ta hoa hoc. Tuy nhién, phu‘ong phap nay
1q0 ra chdt 6 nhiém thir cap véi cée chat héa hoc diege dwea vao. Chinh vi vy, hién nay
phwong phap xi Iy kim logi khéng sir dung héa chat 1é diéw mong nmudn.

Phwong phdp dd nghién ciru kha ning loai bo NiZ |, Cu’" va PV trong méi truomg
nitrat bang vo ngao C‘ac két qua thee nghze.rn da cho thay kha néng logi bo kim Ioaz
bang Vo ngao PV > Ci’* = Zn”" > Ni°*, tgi pH cdn bing = 8.5, 87% Ni*", 99% Zr’",
Cu’* va Pb*'c6 thé logi bo bing vo ngao taz 25°C véi tée dé lac 150 rpm. Loai bo kim
loai dat duge thé can bang trong khodn g thoi gian 30 phut, Vi cde diéu kién thin ghzem
su hdp phu cua Ni¥°, Zn®, Cu’ va Pb* lén vo ngao fudn theo theo mé hinh hdp phu
Freundlish. Niur vdy viéc dp dung vit li¢u v ngao de xte Iy mece thai chiea kim logi ngng
dat khéng b6 sung héa chdt vao dong thdi da dugce két qua nhu mong doi..

ABSTRACT

Pollution of metal~bearing wastewater is the concern of many nations in the world,
especially in developing countries. Some metal ions such as N, Zn’", Ci’' and PH
present in the wastewater from several industrial sectors with high concentrations cause
serious impacts on environment. Currently, the usual treatment technology of metal-bearing
wastewaler is chemical precipitation; however, this method often creates secondary pollution
with chemical addition. Therefore, a method without chemical addition is highly desired

-This study explores the possibility of removing NP . Zn’", Cu’* and Pb’ from a single metal
aqueous nifrate medium with clam shell. Experimental resulzs have shown that the metal
removal ability of clam shell follows this order P’ > Cu’" =Zn"" > Ni*', at equilibrium pH
of 8.5, 87% of Ni**, 99% of Zn’", Cu’" and Pb* can be removed by Ihe investigated clam
shell at 25°C with shaking rate of 150 rpm. Metal removal reaches equilibrium within 30
minutes. Under the experimental conditions, adsorption of N, Zr’", Ci/* and PB*" by the
investigated clam shell fitted to Freundlish adsorption moa’el vy hese findings lead to the

conclusion that the application of this material 10 metal-bearing wastewater treatment is
highly expected.

DPAT VAN BE

Theo ke hoach phét trién kinh té - x4 hoi giai doan 2006- 2010, nganh cdng nghiép Viét Nam
phin dAu thyc hién muc tiéu dat tbe do tang truong binh quén hang ndm khoang 16%/nam [1].

Bén canh do, chat thai cua nganh cOng nghiép véi lugng 1én di giy 6 nhiém méi trudmg; dic
biét, viéc thai bd nudc thai cong nghiép chira kim loai ndng nhu niken, k&m, dong, chi... voi
ham luong tir vai mg/l toi vai trdm mg/l (cao hon nhiéu 14n tiéu chuin cho phép [2]) din dén 6
nhiém nguon nudc va gy nhimng héu qua nghiém trong t¢i hé sinh thai va stc khoé con ngudi.
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Nudc thai chira kim loai néng khong duoc xir 1y da gay 6 nhiém cho cic ngudn tiép nhan. Tai
Ha Noi, mot sd ao hd nhu Thanh Nhan, Yén S¢... ¢6 ham lugng kim loai nang cao hon
TCVN 5942-1995 loai A {7]. Ham lugng kim loai trong nuéc cao c6 thé 1am bién ddi; thim
chi, huy diét hé sinh thai du6i nude. Dic biét, kim loai nﬁng c6 thé thim nhép va tich tu trong
co thé ngudi va sinh vt truc tlep hozc gian tip qua chudi thirc 4n va gay ngd doc, gay bénh
(viém va sung ong thuc quan than kinh co gidt, thay dbi huyet ap...) anh hudng t6i sirc khoe
con ngudi [8] Cac két qua phén tich mau thye vét va mu téc & Nam Giang tinh Nam Binh
deu vuot gid tri trung binh cua thé gi6i [9]. Do 46, viée nghién cuu phuong phap phu hop véi
diéu kién kinh té - ky thuat dé xu ly kim loai trong nuéc 13 vén de cap bach, gop phén bao vé
mdi trudng sinh thai, ning cao chét luong cue sdng va phat trién bén vimg.

Hién nay, dé xir Iy kim loai trong nuéc ¢6 thé sir dung phucmg phép ket taa hoa hoc, trao d01
ion, hp phy, dién thdm tich, trich ly, sinh hoc...; trong d6, phd bién nhét 1a phuong phap két
tiia hoa hoc. Péy 14 phuong phép c6 thé xir Iy hau hét cac Ioa1 ntrdc thai chira kim loai ning
vai hiéu qua xur ly kha cao; tuy nhién, vdi phuong phdp nay can phai bd sung mét lu'qng 1én
hod chit vao dong thai va do d6 c6 kha ning gdy 6 nhiém the cap [3-6]. Chinh vi vay, mit sb
nha khoa hoc d tién hanh nghién ctru xir Iy kim loai trong nuéc bing cac vit lidu gi4 thanh
thip, thin thién v&i mbi trudmg nhu vat liéu c6 nguon goc ty nhién va chét thai ndng nghlep
(b mia, min cua, chitosan, sinh khéi chét,...) [10-13]. Tuy nhién, nhimg nghién ciru nay
méi chi & mirc d6 don 1é va chua mang tinh hé théng

Muc dich cta nghién ciru 13 sir dung vét lidu ¢6 ngudn gbe tir nhién (vo ngao), gid thanh thap
dé xir ly Ni*, Zn™, Cu®* va Pb>" trong mdi trudng nitrat ma khéng can bd sung hod chét vao
dong thai.

THU'C NGHIEM
Hoéa chit va dung dich sir dung

Nude ct hai lan duoc sir dung trong toan bd qua trinh thuc nghiém. Céc hoa chit sir dung
thude loai tmh khiét phan tich. Dung dich lam viéc 1a dung djch cta timg ion kim loai NiZ*
Zn*, Cu2+ Pb** trong méi trudng nitrat 0,5 M véi ndng d§ ion kim loai ban diu 20 - 25 mg/l.

Du.ng dich NaOH va HNO; 2 M dugc su dung dé hidu chinh pH cta dung dich kim loai khi
can thiét.

Vit lidu sir dung

Vit liéu duoc sir dung trong qua trinh thye nghiém la vd ngao. Vo6 ngao dugc lam sach, sdy
kho, nghién, sang dé phan loai; sau d6, duge ngdm trong nude cit qua dém va dugc siy kho
& 80°C 61 khéi lugng khong déi. Vo ngao duge st dung véi kich thude < 0,6 mm c6 dién
tich bé mat 0,63 m%/g (xac dinh theo phuong phép BET trén thiét bj Micromeritics ASAP
2010) va c6 hinh anh b& mit duge xac dinh boi thiét bi Scanning Electronic Microscope
(SEM) Geol - 5410LV (Hinh 1).

Tién hanh thye nghiém

Sir dung binh tam gidc ¢é nham dung tich 100 ml chira vat liéu hap phu d& qua xir Iy va dung
dich ion kim loai trong méi truong nitrat 0,5 M véi ti 1& 100 ml/g. pH cua dung dich dugc
diéu chinh bang NaOH va HNO; 2 M néu cin thiét. Dung dich va vat liéu dugc tlep xuc &
nhiét d6 25°C véi tbe db khudy trén 150 vong/phit trong thoi gian can thlet dbi véi cac thyc
nghiém xac dinh anh huong cua pH dén hiéu sudt xur ly va dang nhiét hip phu, va trong thoi
gian thich hop khi xac dinh anh huéng cua thoi gian dén hiéu xvét xir Iy. Sau d6, hai pha
duge tach bing phuong phép loc.
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Hinh 1. SEM cua vd ngao kich thirge < 0,6mm

Ham lu'o'ng jon kim loai trong dung dich trudc va sau xir Iy dugc xac dinh trén may quang
pho hap thu nguyén tir (AAS, PerkinElmer AAnalyst 800). Gi4 trj pH cua dung dich duge do
bang méy do pH (Mettler Toledo MA235).

KET QUA VA THAO LUAN

Anh huéng ctia pH ban ddu va pH c4n bing (Hinh 2 va 3) cho thiy dudmg cong biéu dién anh
huéng ciia pH 61 hiéu sudt xir 1y niken, kém, ddng va chi trong nuéc bang v6 ngao c6 dang
tuong ty nhau. Kha néng xr Iy kim loai ciia vb ngao giam theo day Pb** > Cu®* » Zn®* > Ni*.
Hiéu sudt xir ly cua mdi kim loai phy thuge nhiéu vao pH cta dung dich (bao gbm pH ban
déu va pH cén bﬁng) Hiéu suit xur ly ting rét nhanh khi pH ban d4u cia dung dich tﬁng Khi
pH ban déu cuia dung dich thay déi tir 2 dén 6 dbi voi niken, kém va dbng, tr 1,2 dén 6 d01
voi chi; c6 sy thay doi twong {mg cua pI-I can bing tir 7,5 dén 8,5 dbi véi niken, tir 7.2 dén
8,8 dbi voi kém, i 6,7 dén 8,5 dbi véi dong va tir 6,5 den 9,2 dbi voi chi; hiéu sult xir ly

kim loai ciing thay aéu tuong Umg tir 0 dén 87%; tir 71 dén 99,5%; tir 77,5 dén 99,6% va tir
82 dén 99,5% déi v6i mken, k&m, dong va chi.
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Hinh 2. Anh hiong cia pH ban déu 16i hiéu sudt xir 1y kim logi
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Hinh 3. Anh hueong ciia pH cdn béng t6i higu sudt xie I kim logi
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Hinh 4. Anh huong ciia thoi gian t6i hiéu sudt xir Iy kim logi

Higu sudt xir ly kim loai trong nuGe tdng va dat 6 bn dinh: )
i) @i voi Ni** tai pH ban ddu 1a 4,0 va pH cén bing 14 8,5, hiéu sudt xir 1y dat 86%;

ii) déi vcn Zn* tai pH ban dau 13 3,2 va pH cén bang la 8,3, hleu sudt xir Iy dat 99%; iii) dbi
vcn Cu tai pH ban ddu Ia 3,5 va pH can bing 14 8,0, higu suit xir ly dat 99%, va iv) dbi véi
Pb** tal pH ban diu Ia 1,6 va pH cén bang 14 6,9, hiéu sudt xir ly dat 99%. Két qua thye hién
véi mu trang (dung dich nitrat 0,5 M khéng chira ion kim loai) cho thay pH cin bang dat gia
tri 8,3 va didu nay chimg t6 ring khi tiép xuc vai dung dich, mot phan vo  ngao (~ 100% da
v6i) bi thiy phén tao méi truéng kidm va cac tim hip phu hydroxit trén bé mat cua vit lidu.
Tiép do, chinh céc tim hip phu nay s& hdp phu ion kim loai trong nuéc theo phirong thirc tao
phirc trén bé mat. Céc phan img xay ra nhu sau:

CaCO3+2H-OH = Ca(OH), +CO»+H,0 (1)
, Ca(OH), + Me™ = [Ca(OH),MeJ** (2)
(Me: Ni, Zn, Cu, Pb)
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Ddng thor, trong méi trudng kiém, mot phén kim loai két tia dudi dang hydroxit 1én bé m3t
cua vt liu theo phan ing:
Me™ + 20H = Me(OH); (3)

Nhu vy, qua trinh xir 1y niken, k&m, dong va chi trong nudc bang vo ngao chu }eu Xay ra
nhé qud trinh tao phic va két tiia trén bé mit clia vat lidu.

Trén co so cua két qua thyc nghiém anh huéng cta pH dén hiéu suat cua qua trmh xu ly, gla
tri pH ban diu cua dung dich duge lua chon 1a 4,0 (ta1 do, hiéu SUAt Xxit ly cua tt ca céc ion
kim loai trong timg dung dich dat gia tri cao nhét) ¢é nghién ctru anh huéng cia théi gian
dén hiéu sudt xir 1y cling nhu dAng nhiét hap phu.

Anh huong cua théi gian hép phu t6i higu qua xir Iy kim loai trong nuée dugc trinh bay trén
Hinh 4. Két qua thye nghiém (pH ban dau cua dung dich 1 4,0 va pH cua dung dich khong
duge diéu chinh trong suot qua trinh xir ly) cho thay ring hiéu qué xir Iy niken, kém, déng va
chi trong nuéc ting rit nhanh khi thoi gian tiép xuc tang, qua trinh dat cén béng trong
khoang thoi gian ngan (30 phiit), sau d6 hiéu qua xir ly on dinh & mirc 87% d6i v6i niken,
99% ddi véi kém, ddng va chi.
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Hinh 5. Déng nhiét hdp phu kim logi Hinh 6. Puong déiing nhiét hdp phu Freundlish

Hinh 5 biéu dién duimg déng nhiét hip phu kim loai trong nudc bﬁng vé ngao. Két qua xir Iy
sb ligu thyc nghlém cho thay qua trinh hip phu kim loai (Mc *) trong nudce bing vo ngao
tuin theo thuyét hip phu Freundlish. Phuong trinh ding nhiét hip phu c6 dang;

q=KC"" hoic Inq=InK;+ (1/mInC
trong do:
- q: ham lugng kim loai can bing trong pha rén, mg/g
- C: ham lugng kim loai can bing trong pha long, mg/l
- Kgnicac hz"mg s6 Freundlish

Céc hﬁng sb nay dugc xac dinh tr dd thi Hinh 6 va thé hién trong Bang 1. Két qua thuc
nghi¢m hép phu déng nhiét cling hoan toan phit hop véi két qua nghién ciru anh hudng cia
pH dén hidu XUt xir ly.
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Hinh 3. Anh hueong ciia pH cédn bang ti hiéu sudt xic Iy kim logi
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Hinh 4. Anh hurong ciia thoi gian téi hiéu sudt xir Iy kim logi

Hiéu sudt xir ly kim loai trong nude ting va dat 6n dinh: ]
i) déi voi Ni** tai pH ban dau la 4,0 va pH can bang l4 8,5, higu suat xir ly dat 86%:;

ii) dbi vm Zn** tai pH ban daula 3,2 va pH cén bang la 8,3, higu sut xir Iy dat 99%; iii) dbi
v(n Cu tai pH ban ddu 12 3,5 va pH cin bang la 8,0, hiéu sult xu Iy dat 99%; vaiv) dbi voi
Pb** tai pH ban dAu 13 1,6 va pH can bang 14 6,9, hiéu suit xir 1y dat 99%. Két qua thyc hién
véi miu trﬁng (dung dich nitrat 0,5 M khong chira ion kim logi) cho thay pH cén bang dat gia
tri 8,3 va didu nay chimg t6 ring khi tiép xiic voi dung dich, mdt phén vo ngao (~ 100% da
v6i) bi thuy phén tao méi trudng kiém va cdc tAm hdp phu hydroxit trén bé mit cia vat lidu.
Tiép 4o, chinh céc tdm hip phu nay s& hép phu ion kim loai trong nudc theo phuong thire tao
phirc trén bé mat. C4c phéan ing Xay ra nhu sau:

CaCO5+2H-0H = Ca(OH); +CO,+H,0 (1)
_ Ca(OH), + Me®* = [Ca(OH),Me]** (2)
(Me: Ni, Zn, Cu, Pb)
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Bang 1. Hing s dang nhiét Freunlish

Me? K¢ n R2
Ni 0,295 0,857 0,988
Cu - 3,143 1,060 0.924

KET LUAN

V0 ngao ¢6 kha nang xur Iy niken, kém, ddng va chi trong dung dich don kim nitrat 0, 5M¢

nhiét d§ 25°C véi tbe @ khudy trén 150 rpm. Két qué nghién ctru c6 thé duge tom tit nhu
sau:

i) Quaé trinh x\r 1y niken, k&€m, dong va chi trong nuéc bing vo ngao cha yéu xay ra nhi qua
trinh tao phirc va két tia trén bé mit cia vat lidu.

ii) Kha ning xir Iy kim loai ciia vé ngao gﬁhn theo day Pb** > Cu*' = Zn** > Ni?", Higu xuat
xir Iy kim loai ting khi gia tri pH ban dau ctia dung dich tang, va dat gi4 trj cao nhit dbi
véi NP, Zn™*, Cu?* va Pb** tai pH ban dau 12 4,0; 3,2; 3,5 va 1,6 twong tmg. Tai pH cén
bang 14 8,5, hiéu sut xit ly dat 87% 6 v6i niken va 99% dbi véi kem, dong va chi.

iii) Qu4 trinh xir ly dat c4n bing trong khoang 30 phut.
iv) Qua trinh hip phu kim loai bing vé ngao tuin theo thuyét hdp phy Freundlish.
Nhimg két qua nghién ciru budc du cho thdy vé ngao ¢6 thé dugc st dung dé xir Iy

niken, k&m, ddng va chi trong nudc va nudce thai.
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