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Trong nghién cuu nay, cac tac gia tién hanh danh gia kha nang hap phu cac kim loai ndng nhu Cd,
Cr va Pb bang hat tii tinh PG-M. Nghién ciu tap trung khao sat anh huéng cla yéu té pH, thdi gian
hap phu va liéu lugng PG-M dén hiéu suat hap phu cia PG-M; xac dinh céc gia tri t6i uu dé xay dung
va van hanh mé hinh loc tu tinh x{ ly kim loai ning trong nudc. Cac két qua nghién ctiu cho thay,
hat tif tinh ¢6 kha nang hap phu kim loai néng rat tét, si dung hat PG-M lam vat liéu hap phu trong
mé hinh loc tu tinh cho hiéu suat xii ly cao, dap ung cac yéu cau ky thuat va cac quy dinh hién hanh.
Nghién ciiu da xay dung dugc mé hinh loc tu tinh st dung vat liéu hap phu hat PG-M dé tach kim
loai ndng trong nuéc thai tai Cong ty cé phan co khi ma Pa Nang - Khu cong nghiép Hoa Khanh dat

hiéu suat cao.

Tu khoa: hdp phu, hiéu suét, kim loai ndng, loc tu tinh, PG-M.

Chi sé6 phéan loai 1.7

ADDLICATION OF MAGNETIC FILTER
METHOD TO SEPARATE HEAVY METALS
FROM INDUSTRIAL WASTEWATER

Summary

In this study, the authors have assessed
the ability to adsorb heavy metals such as
Cd, Cr and Pb by the magnetic particles
as PG-M. The study has focused on
investigating the influence of such factors
as pH, adsorption time and dose of PG-M,
determining the optimum values for the
construction and operation of magnetic
filter model for treating heavy metals in
water. The research results have shown
that magnetic particles have very good
capability of adsorbing heavy metals; using
the PG-M particle as adsorbent material in
the magnetic filter model provides a high
processing performance. The study has
constructed the model of magnetic filtration
using adsorbent particles as PG-M to
seperate heavy metals from wastewater in
Danang Mechanical Plating JSC - Hoa Khanh
industrial zone with high performance.

Keywords: adsorption, efficiency,
metals, magnetic filter, PM-G.
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Dat van dé

Tinh trang ngudn nudc bi 6 nhiém kim loai nang la
van dé dugc quan tdm cla nhiéu qudc gia, do tinh doc
hai clia ching d6i véi sy phat trién clia con ngudi va
su an toan clia hé sinh thai. Vi vay, viéc nghién clu
tim ra phuong phap méi dé x{ ly kim loai nang trong
nudc an toan, nhanh va hiéu qua hon la rat can thiét.

Hién nay, phuong phap loc tu tinh dang dugc nhiéu
nha khoa hoc quan tam, vi né dap tng dugc nhu cau
loai bd céc chat gay & nhiém trong mdi trudng nudc
mot cach don gidan va nhanh chéng bang cach si
dung nam cham hoé&c dién tu trudng ma khong phai
dung bat céi mét hé théng bom hay loc phtic tap nao.
Hat ti tinh PG-M la nguyén liéu dudgc st dung nhiéu
nhét trong phudng phéap loc tu tinh, nhung & Viét Nam,
viéc ting dung PG-M con chua dugc biét dén.

Hat ti tinh PG-M dudc tao thanh ti 2 thanh phan
chinh: y-PGA va Fe,O, bang cach phi y-PGA Ién
hat tu tinh Fe,O, (hinh 1 va 2). Viéc sl dung I6p phd
y-PGA |én hat tu tinh Fe,O, cé muc dich la tang kha
nang trao déi cation clia nhém cacboxylic trén PGA va
kh& nang hap phu vat ly cac hat dang keo vao mang
polymer ba chiéu cla né. Thém vao do, vi 16i cla
PG-M la Fe,O, nén né mang tu tinh, gitip dé dang thu
hoi PG-M sau khi h&p phu ion kim loai nang cling nhu
cac hgp chét trong nudc bang cach sl dung mét nam
cham hay dién tu trudng. y-PGA cé thanh phan chinh
la glutamic acid, nitg, cacbon hiiu cc va khoang chat,
n6é da dugc ap dung nhiéu trong cong nghé san xuat
my pham, thuc phdm, chat déo, chat keo tu. y-PGA
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dic biét ndi tiéng la thanh phan tao dd nhdn cho
mén an “Natto” - moét mén &n ndi tiéng & Nhat Ban
nén né hoan toan khong doc hai déi véi con ngudi
va moi truéng [1].

Hinh 1: c4u tric cta PG-M
(FeSO4 khi phi y-PGA)

Hinh 2: hat PG-M

Nghién ctiu nay tap trung vao danh gia kha nang
hap phu kim loai nang Cd, Cr va Pb clia PG-M, tu
dé dua ra mé hinh phu hop dé x{ ly nudc thai co
nong doé kim loai nang cao.

Phuong phap nghién ciiu
Phuong phap thuc nghiém

Kh& nang hap phu kim loai nang Cd, Cr va Pb
cla PG-M dugc khdo sat & cac diéu kién khac nhau
vé: pH, thai gian khudy, liéu lugng PG-M. Trong do
pH dudc khao sat trong khoang tu 1-7, thdi gian
khudy trong khoang tu 5-120 phut va liéu lugng
PG-M tang dan tir 0,005 1&n 0,5 g. O diéu kién nao
thi gia tri cha diéu kién dé dugc diéu chinh theo
mot thang, cac gia tri khac co dinh. Cac thi nghiém
dugc ti€n hanh véi nudce thai nhan tao chua Cd, Cr,
Pb c6 néng dé 1 mg/l. Sau khi hdp phu, ti€n hanh
tach PG-M ra khoi dung dich bdng nam cham. Xac
dinh néng do Cd, Cr, Pb trong dung dich con lai
dé danh gia hiéu qua hap phu cla PG-M. Méi thi
nghiém lap lai 3 l1an, két qua dugc danh gia trén gia
tri trung binh.

Phuong phap phéan tich héa hoc

Xac dinh ham lugng kim loai Cd, Cr va Pb bang
may quang ph& h&p thu nguyén ti ngon Ira (AAS).
Xéac dinh pH duya trén viéc do hiéu dién thé cta pin
dién héa sl dung may do pH HANNA HI 98107.
Dinh lugng PG-M bang can dién t& PRECISA XR
125 SM.

Phuong phap tinh toan

Lugng ion kim loai ndng hdp phu trén vét liéu hap
phu: lugng hdp phu dugc tinh dya trén sy thay ddi
ndng do cua kim loai nang trong dung dich trudc va
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sau khi thyc hién qua trinh hap phu va khai lugng
clia vat liéu hap phu [2]:

q, = (c,—c,).VIW

Trong dé: q, la lugng ion kim loai hdp phu trén
mai lugng chat hdp phu (mg/g); ¢, la néng dd ban
dau ctia kim loai nang (mg/l); c, la néng do cudi,
hay néng dé can bang cda kim loai nang (mg/l); V
la thé tich ctia dung dich; W |a khéi lugng khé cla
PG-M (g).

Hiéu sudt ctia qua trinh hdp phu: dai lugng phan
tram kim loai nang bi loai bd khdi dung dich sau qua
trinh hdp phu, hay hiéu suat ctia qua trinh hdp phu
dudc tinh theo céng thtc [3]:

E = ﬁXIOO
C

0

Trong doé: E la hiéu suédt clia qua trinh hdp phu
(%); C, la nong do ban dau (mg/l); C_ néng do can
bang cua dung dich (mg/l).

Phuong phap xay dung mé hinh

Mb hinh loc tu tinh hoat dong theo nguyén ly nhu
sau: nudc thai dugc bom vao binh phan ting, dong
nudc thai dugc dua tu day binh, tai day lugng PG-M
can thiét dugc cho vao bé phan (ng, canh khudy
dugc sl dung c6 hai tac dung: tao su hoa tron déu
clia PG-M trong bé, tdng kha nang tiép xuc cla
PG-M v&i nuéc thai; ngan khéng cho PG-M lang
trong bé&. Nuéc thai sau khi tiép xuc véi PG-M duing
V@i thai gian can thiét dugc dan qua hé théng tach
tl, tai day hat PG-M dudgc gili lai va nudc thai sau
xU ly dugc thai ra ngoai (hinh 3).
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Hinh 3: so dé nguyén ly phuong phép loc tir tinh
1: 6ng dan nudc vao; 2: binh chiia hat PG-M;
3: canh khudy; 4: binh phan tng; 5: b6 phdn tach ti
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Két qua va thao luan

Anh huéng cla pH dén kha nang hédp phu cta
PG-M
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Hinh 4: biéu dé quan hé gida hiéu suét xi ly Cd, Cr, Pb
va gia tri pH

TU bi€u dd hinh 4 ta thay, cac kim loai khac nhau
thi hiéu suét hdp phu lIén PG-M ciing c6 sy khac
nhau: qua trinh hdp phu Cd cla PG-M dat dugc
hiéu sudt cao & cac gia tri pH 16n hon 4; qua trinh
hap phu Cr clla PG-M dat dugc hiéu suét cao & cac
gia tri pH I16n hon 3; qua trinh h&p phu Pb ctia PG-M
dat dugc hiéu sudt cao G cac gia tri pH I6n hon 5. T
cac k&t qua nghién cuiu trén cho ta thay, su thay déi
pH cla méi trudng c6 anh hudng rat I6n dén qua
trinh hdp phu Cd, Cr va Pb clia PG-M.

Anh hudng cia thoi gian hdp phu dén kha nang
hap phu cia PG-M

K&t qua nghién clu cho thay, ham lugng kim loai
nang hap phu Ién PG-M tdng manh trong khoang
thdi gian bt d4u tién hanh hdp phu dén sau 20
phut hap phu déi véi ca 3 kim loai Cd, Cr, Pb (hinh
5). Diéu nay dudgc giai thich nhu sau: theo thuyét
hap phu dang nhiét [4], cac phan tii chat bi hap phu
khi da hap phu trén bé mat chat hap phu van cé thé
di chuyén ngudc lai. Lién quan dén yéu té thdi gian
ti€p xuc gilia chat hap phu va chat bi hdp phu, thdi
gian ngén thi chua di dé céac trung tdm hoat déng
trén bé mat chat hap phu dudc “Iap day” bdi cac ion
kim loai. Ngudgc lai, khi th&i gian dai thi lugng chat bi
hadp phu tich tu trén bé mat chat hdp phu ciing cang
nhiéu, t6c do di chuyén ngugc lai vao nudc cang
I6n, nén hiéu qua hdp phu gan nhu khoéng tang
va dan dat vé trang thai can bang. So sanh hiéu
sudt hdp phu & cac khoang thdgi gian dudgc khao sat
trong nghién clu nay thi hiéu qué hap phu tét nhat
la sau 20 phut. Bén canh dé, déi vagi ting kim loai
khac nhau thi hiéu suat hdp phu trong cung mét
thdi gian cling khac nhau. Hiéu suat hap phu Pb
dat dén 98,08% tu khi bat diu tién hanh h&p phu
dén 5 phut va hiéu suat hdp phu Pb ciing dat gia tri
cao nhat vdi hiéu suat dén 99,34%. Hiéu suat hap
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phu Cd dat gia tri thAp nhat va téc do hap phu ciling
cham nhat.

105

100

e P L4

95 *

E %

90

85

80 !
Sp 10p 20p 30p 60p 90p

Thdai gian

120p

—e—Cd &—Cr =—o—Pb

Hinh 5: biéu dé quan hé gida hiéu sudt xi ly Cd, Cr, Pb
va thdi gian hdp phu

Anh huéng cia lugng PG-M dén kha ning
hap phu
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Hinh 6: biéu dé quan hé gida hiéu suét xi ly Cd, Cr, Pb
Véi lugng PG-M

TU biéu dé hinh 6 ta thdy, & cung mét lugng
PG-M déi véi cac kim loai khac nhau thi hiéu suat
xU ly cia PG-M ciing khac. So sanh 3 kim loai trén
thi hiéu suét xi ly Cr cao nhat, hiéu suat xt ly Cd
thdp nhat. Mat khac, ty 1& hdp phu cha hau hét
céc ion kim loai tang Ién vdi sy gia tang cla lugng
PG-M, cho dén khoang 0,1 g thi dat muc t6i da. Tu
cbng thuc [2] ta c6, vGi 0,1 g PG-M thi lugng kim
loai hdp phu lén né la 1,01 mg, tudng duong vGi
10,1 mg/1 g PG-M.

St dung mé hinh loc tir tinh dé xir ly nudc théi
clia Céng ty c¢6 phan co khi ma Pa Ning (Khu
céng nghiép Hoa Khanh)

Nudc thai phat sinh trong qua trinh ma kim loai
chiia ham lugng céc kim loai nang rat cao, la doc
chat doéi véi sinh vat, gay anh huéng xau dén stc
khoe con ngugi. Nhiéu céng trinh nghién clu cho
thdy, v6i néng dd dd I6n, sinh vat c6 thé bi chét
hodc thoai héa, v6i néng doé nhd cé thé gay ngd
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déc man tinh hoac tich tu sinh hoc, anh hudng dén
su s6ng cla sinh vat vé lau dai [5]. Do dé, nudc thai
tl cac qua trinh xi ma kim loai, néu khéng dugc xU
ly, qua thai gian tich ty va bang con dudng truc ti€p
hay gian tiép, ching sé& tén dong trong co thé con
ngudi va gay cac bénh nghiém trong nhu viém loét
da, viém dudng ho hap, eczima, ung thu.. Nudc thai
ma thudng gay 6 nhiém béi cac kim loai nang nhu
Cd, Cr, Pb, Ni.. va c6 do pH thap. K&t qua phan tich
mau nudc thai clia Cong ty ¢d phan co khi ma Pa
Nang (mau lay ngay 10.10.2014) dugc thé hién &
bang 1.

Béang 1: néng dé kim loai nang ctia nudc thai co khi ma

TP Pb
Chi tiéu pH Cd (mg/l) Cr (mg/l) (mg/l)
1,22 0,348 0,758 2,120

Véi cac dac diém nudc thai dau vao nhu trén,
ta c6 téng ham lugng kim loai Cd, Cr, Pb trong 1 lit
nudc thai la 3,226 mg. Chung to6i diéu chinh gia tri
pH trong nudc thai bang 5 va lya chon cac thong s6
t6i uu dé van hanh mé hinh & bang 2.

Bang 2: gid tri t6i uu d&€ van hanh mé hinh

Théng sé Gia tri t6i uu
Thai gian h&p phu (phat) 20
Liéu luong PG-M (g/Il nudc thai) 0,32
98
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%
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Hinh 7: hidu sudt xd ly kim loai ndng clia mé hinh loc tir tinh
nuidc thai ctia Céng ty ¢é phan co khi ma Pa Néng

K&t qua xU ly dugc thé hién & hinh 7 cho thay,
hiéu sudt xt ly Cd dat 94,5%, hiéu sudat xt ly Cr dat
93,5% va Pb dat 97% vé6i ndong do Cd, Cr va Pb con
lai trong mau nudc thai 1an lugt 1a 0,019 mg/l; 0,049
mg/l va 0,06 mg/I. So v&i két qua thi nghiém thi hiéu
sudt x{ ly thap hon, diéu nay c6 thé |a do trong nudc
thai ca khi ma c6 mot sé thanh phan khac gay can
tr& qua trinh hap phu ctia PG-M. Ngoai ra, nudc thai
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sau xU ly c6 dé mau thap hon nudc thai trude xu ly;
khi so sanh nudc thai co khi ma sau khi x( ly véi quy
chuén ky thuat quéc gia vé nuéc thai cong nghiép
cho thdy néng do céac kim loai Cd, Pb thap hon gidi
han cho phép [6].

a

-

j o SR |

UGc thai trude va sau khi xd ly

Két luan

Nghién cltiu da khao sat dugc mét s6 yéu to
anh hudng dén kha nang hap phu Cd, Cr va Pb
clia PG-M nhu: pH, thGi gian h&p phu va liéu lugng
PG-M. K&t qua cho thdy, PG-M h&p phu tot nhat
lugng Cd, Cr va Pb trong dung dich tuong ung vdi
cac diéu kién nhu sau: qua trinh hdp phu Cd véi pH
= 6, thdi gian 20 phut, liéu lugng PG-M 0,1 gam; qua
trinh h&p phu Cr véi pH = 5, thai gian 30 phut, liéu
lugng PG-M 0,25 gam; qua trinh h&p phu Pb véi pH
= 5, thdi gian 20 phut, liéu lugng PG-M 0,1 gam.

Nghién ctiu da xay dung dugc mé hinh loc tu tinh
va da dung mo hinh loc ti tinh s dung vat liéu hdp
phu hat PG-M dé tach kim loai ndng trong nuéc thai
clia Cong ty ¢6 phan co khi ma Da N&ng - Khu cong
nghiép Hoa Khanh dat dugc hiéu suét cao.
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