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TOM TAT: Bai béo trinh bay két qua nghién cizu nay 1a tén dung nguon chdt thdi rdn trong
moi truong la Xi thép dwa vao hdp phu va logi bé arsen trong nuwdc. Viéc nghién cuu thuc hign céc
quy trinh thuc nghiém theo cac quy trinh thuc nghiém ¢ cdc diéu kién danh hwong dén tinh ndng xi
thép hdp phu va logi bé arsen trong miréc 6 nhiém: nong dg, kich cé, khéi heong hat xi thép can
thiét, nong @ 6 nhiém, nhiér d@g, cac ion cgng sinh. Két qua nghién cizu cho thdy: nong do dung
dich ban dau cang thap can bang hap phu cang dé dat dwoc, nong dé dung dich ban ddu cang cao
thi phdi mat thoi gian dai mdi dat can bang hap phu, kich thuréc hat xi thép cang nhé can bang hdp
phu cang dé dat dén, kich thuéc hat lon thi thoi gian dat can bang hap phu sé kéo dai; heong hat xi
thép gia tiang cang cao thi hdp phu heong chdt 6 nhiém cang lén, hiéu qud logi bé cang nhiéu; nong
dé pH ban dau anh huong dén tinh nang xi thép hdp phu As (111); anh huong cia nhiét dg dén tinh
nang xi thép hap phu As (111) khéng rd rang; cac ion khac nhau (NOy', CI', F, SO,* va PO,*) can
thiép dén tinh nang xi thép hap phu As (111) trong dung dich. Nauw vdy, lira chon xi thép 1am vat liéu
hap phu va logi bé arsen trong nwdc la phuwong thirc t6i wu, mang lai hiéu qua kinh té, bao vé moi
trieong va tinh iing dung cao ¢6 thé dura vao dp dung thuec tién.

Tir khéa: Xi thép, hap phu, arsen, chat thdi ran.

MG PAU
Xi thép la chat thai trong san xuét thép, 1a
mot trong cac chat gay 0 nhiém moi truong.
Hang nam trén thé gi6i lu’orng xi thai vurgt qua 1
ti tin, ding dau trong cac nganh Iuyen kim du
lwgng. Do do, viéc nghlen ciru dua xi thép tai
su dung lam nguon nguyén liéu happhu arsenic
- lam glam thiéu tac nhan gay 6 nhiem va mang
lai gia tri méi truong véi muc dich “dung thai
tri thai”, c6 gia tri kinh té lon, thich hop ap
dung vé6i vung sau, ving ndng thon noi nguon
nudc bi nhiém arsenic voi nong do cao.

Hon thé nita, trong cac nghién ctu khoa
hoc déu cho thay két cau cua xi thép phu hop
Vo1 tinh nang hap phu arsenic trong nudc:
khang kiém, cé tinh 6n dinh nhiét, do bén co
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hoc 16, c6 kha nang hip phu manh, ham luong
canxi, sit, magie cao [1-4].

Trong bai bao nay, két qua nghién ctu
nghién ctu v& sy anh huéng cua cac yéu tb
(ham luong, Kich ¢, thoi gian rung cua Xxi thép,
ndng do arsenic ban dau, gia tri pH, nhiét do
duy tri phan @ng, ion cong sinh anh huéng dén
kha ning xi thép hap phu va loai bo arsenic
trong nudc boi qué trinh ddng hac hoc va nhiét
déng luc hoc dugc trinh bay.

VAT LIEU VA PHUONG PHAP
Vit liéu

Xi thép dung trong thuc nghiém duogc lam
v, nghién, phan biét qua ludi sang mat ludi la



0,600 mm, 0,250 mm va 0,150 mm va dung
nudc cat rra sach, say, luu trir.

Chuan bi dung dich arsenic nong do 1L N [5-
7]: 1y 0,1320 g As,0s nguyén chat (phan tur
khéi la 197,84) cho vao coc thay tinh, thém
5 mL dung dich NaOH néng d6 2 mol.L™, lic
déu dén khi 0-xit tan thi them 10 mL dung d;ch
sulfuric néng d6 2 mol.L™, cho vao binh dinh
mic 1.000 mL, thém nudc tinh khiét dén vach
dinh murc.

Phwong phap

Quy trinh thyc nghiém: Trong qua trinh
thuc nghiém, bang cach thay déi dao dong thoi
gian [8], tang luong va kich c& hat xi thép @
0,15 mm, ® 0,25 mm, ® 0,60 mm [9], thay dbi
gia tri pH [10], ndng d6 dung dich As (I11) ban
dau [11], nhiét d6 phan wng [12], ion cong sinh
anh huong tai hiéu qua loai bo As [13].

KET QUA VA THAO LUAN

Nong do As (ITT) ban diu anh huéng dén
tinh néang xi thép hap phu As (111)

Tbc do hip phu va can bang ndng do khong
chi twong quan dén vat liéu hap phy ma con
phu thugc vao nong do dung dich As (I11) ban
dau [11]. O diéu kién dang nhiét nhu nhau,
nong do6 dung dich ban dau cang thip can bang
hap phu cang dé dat duoc, nong do dung dich
ban dau cang cao thi phai mat thoi gian dai méi
dat cén bang hdp phu. Nong do dung dich As
(I1) ban dau 6 mg/L, thoi gian can bang hip
phu khoang 12 h; nong do6 dung dich As (1)
ban dau 12 mg/L, thoi gian can bang hap phu la
16 h; ndng do dung dich As (IIT) ban dau 1a
18 mg/L, thoi gian can bing hap phu la 44 h.
Tir d6 c6 thé thay nong do va thoi gian can
bang hip phu c6 tinh twong quan, tuy nhién khi
nong do tuong dbi nho, thi thoi gian can bang
hp phu bi anh huéng rat it.

Tt hinh 1 cho thdy, dudi tac dong thoi gian
trong ddng, ndng do dung dich As (I11) ban
dau cang thap thi thoi gian ding caa thay hec
cang dai.

Phuong trinh phan tng bac mot vai cac dir
liéu thuc nghiém dong lec hoc & ndng do ban
dau khong giéng nhau caa xi hip phu As (111)
duoc trinh bay hinh 1 va bang 1:

Nghién cizu khdo sdt va danh gid cdc diéu ...
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Hinh 1. Nong do As (IIT) ban d4u anh huong
dén xi thép hap phu As (111)

Béang 1. Hing sb téc do hap phu (K) cua dong
luc hoc phuong trinh bac maot

Phworng trinh phan trng bac mét

Néng d6 ban X = a(1-e™)
dau >
a K R
6 mg/L 193,17 0,186 0,92991
12 mg/L 396,333 0,156 0,98339
18 mg/L 618,75 0,082 0,97223

Hinh 1 cho thay nong d6 ban dau cua xi
khac nhau thi hang sb tbc do hap phu khong
glong nhau, ndng do cang nhé thi hang sb toc
do cang 16n, thoi gian can bang hdp phu cang
rat ngan. Hang sé téc do hap phu theo thir ty:
6 mg/L > 12 mg/L >18 mg/L, diéu nay khéc
Vi két qua dac trung dong luc hoc hap phu cua
Xi thep véi As (I11) ¢ nong do bit dau. Tur bang
1 c6 thé cho thdy, khi ndng do As (I11) xuong
thap (C0< 12 mg/L), twong quan thoi gian can
bing va ndng do rat nho, gin nhu khéng
lién quan.

Kich thwéc hat xi thép anh hwéng xi thép
hap phu va Ioal bé As (111)

Trong cung dleu kién hap phu ding nhiét,
su khéc nhau vé dic trung dong hec hoc hap
phu As (111) cua cac hat xi thép dugc trinh bay
& hinh 2. Qua d6 thiy 14 téc do va can biang hap
phu As (111) c6 lién quan dén kich thuéc hat xi
thep kich thuéc cang nho can bang hip phu
cang dé dat, kich thudc hat cang Ién thi thoi
gian dat can bang hap phu cang dai. Hat xi thép
0,60 mm thoi gian dat dén bdo hoa hap phu 1a
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24 h, hat xi thép 0,25 mm thoi gian dat dén béo
hoa hap phu 1a 20 h, hat xi thép 0,15 mm thoi
gian dat dén bdo hoa hap phu la 10 h. Tt d6 c6
thé thiy, hat xi thép cang min thi thoi gian dat
bdo hoa hap phu cang ngan tbc d6 hap phu
cang lon. Do d6 tée dd hap phu theo kich thudc
hat xi thép nhu sau @ 0,15 mm > ® 0,25 mm
> ® 0,60 mm. Nguyén nhan la toc do hap phu
chu yeu do téc d6 khuéch tan cuaa céc 15 hong
quyet dinh, hat cang min toc do6 khUech tan cua
cac 16 hong cang nhanh, tdng téc do hdp phu
cling nhanh [4, 6]. Tuy nhién, két cau xi thép
cung, khé nghién, dic biét cang kho nghlen
min doi hoi chi phi cao nén ung dung thyc té
phai luu y can bang giita hiéu qua hip phu va
chi phi xir ly [7].
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Hinh 2. Anh hu:orng kich c& hat xi thép
hap phu va loai bo As (I11)

Béng 2. Hing s hip phu phuong trinh bac mot

Phwong trinh bac mét X = a(1-e™)

Kich c& (mm)

A K R?
0,60 353 0,097 0,97577
0,25 396,33 0,157 0,98887
0,15 586,25 0,515 0,98573

Phuong trinh bac mot &4p dung cho nhiing
dir ligu thyc nghi¢m dong luc hoc cac hat xi
thép khac nhau hap phu As (IIT) duoc trinh bay
trong bang 2. Két qua cho thiy céac hat xi khac
nhau c6 téc do hip phu khéac nhau, téc do hip
phu cang manh thoi gian can bang hip phu
cang ngan. Hang sé téc do can bang theo kich
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thudc hat xi thép theo thi tu: @ 0,15 mm > @
0,25 mm > @ 0,60 mm.

Hing sb téc d6 hap phu cua hat xi thép
0,60 mm va 0,25 mm khac nhau khong lén,
nhu:ng hat xi thép 0,15 mm téc do hap phu ting
rg rét. Co the nhan thay kich thuéc anh hudéng
rat I6n dén te do hap phu, nhung méi quan hé
khong phai la tuyén tinh.

Trong md hinh hinh céu, hang sb toc dd
hap phu va kich thudc hat xi thé hién trong
cong thuc: K = (n/r)2D, trong d6 r 1a ban kinh
hap phu bé mat, D la hé sé khuéch tan hiru higu,
K cho trucy, 1/r tryc X, Iap biéu d6 (hinh 3),
hing sb toc do hap phu cua cac hat xi thép khac
nhau veéi kich thuéc phu hop véi cong thirc mo
hinh hinh cau hé sé tuong quan tuyén tinh la
0,9996, hé sb khuéch tan D = 0,001248 [2].
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Hinh 3. Hang s van téc khong ddi
cua hat xi thép

Lidu lwong hat xi thép anh hwéng dén hap
phu va loai bé As (111)

Tang vat ligu xi thép ¢ thé anh huong quan
trong dén su hap phu chit 6 nhiém, luong gia
tang cang cao thi hip phu luorng chat 6 nhiém
cang lén, hi¢u qua loai bo cang nhiéu [4]. Tuy
nhién, dé lwong hp phu khong qua nhiéu, van
can xac dinh luong thém t6i uu. Lu:orng Xi thép
& cac dang khac nhau, hap phu va hiéu qua loai
bo As (IIT) dugc the hi¢n trong hinh 4. Ttr hinh
nay cho thiy, nong do6 ban dau 1a 12 mg/L
trong nudc thai nhiém As (I11), thém 1 g xi thép,
ty 1& loai bo As (IIT) 1a 38,5%, khi ting lidu
lugng xi thép ty I¢ loai bé As (III) ting nhanh,
nhu 1a ting lwong xi thép dén 3 g thi ty 18 Ioal



bo As (111) 1a 98,7%, tai thoi diém nong do As
(111) trong dung dich la 0,156 mg/L, c6 thé thiy
Xi thep loai bo As (I1I) twong dbi tét. Tuy nhién,
khi tiép tuc ting lugng xi thép thi hiéu qua loai
bo As (Ill) trong dung dich nu6c thdi ting
khong déang ké. Do vay dam bao chat luon
nude tot trude khi loai bo, tir goc do kinh té,
lra chon lwong chat ty & 1/100 (As/xi thép).
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Hinh 4. Liéu luong xi thép anh hudng hip phu

va loai bo As (1)

Nong dé pH ban diu anh hwéng xi thép hap
phu va loai bé As (111)
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Hinh 5. Nong do pH ban dau anh hudng xi
thép hap phu va loai bo As (111)

N(‘A),ng d6 pH anh huéng dén tinh ndng xi
thép hap phu As (III) [11]. Pac tinh hap phu va
loai bo As (1I1) xi thép véi & pH khac nhau
duogc thé hién trong hinh 5. Tai dung dich axit

Nghién cizu khdo sdt va danh gid cdc diéu ...

ban dau (pH=3), ty 1¢ xi thép loai bo As (11)
trong dung dich la 55,7% ngay trong diéu kién
c6 tinh axit, diéu nay do trong thanh phan xi
thép co chu:a lugng l6n CaO dé dang thay phan,
ma dung dich CaO trong nuéc thuy phan thanh
Ca(OH),, do do6 lam tang tinh axit. Nhung néu
téng gia tri pH thi trang thai ty I¢ loai bo la ro
rang. Cu th¢ gia tri pH ban dau la 7, ty I¢ loai
bo As (IIT) dat dén 92,4%, nhung gia tri pH la
11, ty I€ loai bo As (IIT) dat cao nhat la 99,7%.
Tiép tuc tang gia tri pH, ty 16 xi thép loai bo As
(111) giam nhe, nhung tinh nang hép phu va loai
bo van cao.

Nhiét d§ phan &ng anh hwéng xi thép hap
phu va loai bé As (111)

C6 thé noi gia ting lwong xi thép va ndng
d6 dung dich pH ban dau 1a twong ddi ré nhung
anh huong cua nhiét d6 dén tinh ning xi thép
hdp phu As (111) lai khong r6 rang nhu trong
hinh 6. Xét vé téng thé, véi su gia ting cua
nhiét do phan ng thi muc do hap phu va tinh
nang loai bo As (I11) ciing tang [12], ¢ nhiét do
thip (5°C va 15°C), tinh ning hdp phu va loai
bo cua xi thép tang cao, va tang rd rang, nhung
& nhiét d¢ cao (45°C va 55°C) tinh ning xi thép
hdp phu va loai bo As (III) ting rat cham, gan
nhu khéng dang ké. Do d6, ¢ nhiét do thuong,
xi thép VAn dap g duoc yéu cau xir Iy va loai
bo As (IIT) trong nudc thai hiéu qua.
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Hinh 6. Nhiét d6 anh huong xi thép hip phu
va loai bo As (1)
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loai bé As (111)
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Cac ion khac nhau (NOg3, CI', F, SO4
PO,*) anh huéng t6i tinh ning xi thep hap phu
As (I11) trong dung dich [13] dugc thé hién
trong hinh 7. Tir hinh 7 cho thdy, ndng do ion
NO;" khac nhau thi xu huéng anh hudng dén
tinh ndng cua Xi thép hip phu As (I11) khac
nhau, véi nong d6 ion tang thi xu hudng xi loai
bo As (lll) giam, nhung ion NOs vuot qua
5 mg/L, xi thép loai bo tang tr¢ lai, nhung van
thip hon ~déng ké so véi giai doan dau. Xu
huéng bién héa nay khong thé giai thich mot
céch hop Iy ma can nghién ctru thém co ché.
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Hinh 7. lon NO;’ COng sinhanh huéng xi thép
hap phu va loai bo As (111)

100 ~
95 -
90 +
85 1
80 -
75 A
70 A

Removalpercent of As (111) (%)

65 -

60 T T T T T 1
1 2 5 10 20
Concentration of CI

o

Hinh 8. lon CI COng sinh anh hudng xi thép
hap phu va loai bo As (111)

Khac vai cac ion NOs, voi su gia ting
ndng d6 ion CI thi kha ning xi thép loai bo As
(111) trong dung dich theo xu huéng giam, ndng
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d6 ion CI'thém vao cang cao thi téc do xi thép
loai bo As (lll) cang giam, thém ion CI tei
nong do 20 mg/L thi ty I¢ xi thép loai bo As (111)
giam xudng téi 22,3% (hinh 8).

Nghién cuu anh hu:orng caa ion F t&i xi
thép hqp phu As (lI) c6 y nghia khoa hoc va
thuc tidn rat quan trong Trong c&c dung dich
khi thém ion F & cac nong d6 khac nhau thi ty
1€ xi thep loai bo As (Ill) cling khac nhau
(hinh 9): & ndng d6 thap (1 mg/L) thi ty l¢ xi
thép loai bo As (Ill) giam rat it, nhung khi &
nong dé6 > 2 mg/L thi ty Ié xi thep loai bo As
(111) giam ro rét. Nhu vay, khi thém ion CI” thi
it anh huong hon so vai thém ion F', ngay ca &
lidu ti da 20 mg/L thi ty 1¢ loai bo so voi cac
ion can thiép giam xuong la 5,8%, xi thép hip
phu As (IIT) khi lugng ion F tang thi tang kha
nang can thigp.
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Hinh 9. lon F COng sinhanh hudng xi thép
hap phu va loai bo As (111)
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Hinh 10. lon SO5* COng sinhanh hudng xi thép
hap phu va loai bo As (111)



lon SO5* _cling ¢6 nhiéu trong nuGc ngam
nhidm asen. Anh huong cua nong do ion SO5*
toi kha nang xi thép hap phu As (IIT) duoc the
hi¢n trong hinh 10 Tir d6 c6 thé thay, tai nong
do6 thap, ion SO5* ¢6 anh huong t6i xi thép hap
phu As (I11) trong dung dich nhung it thay ddi,
khi ion SO5* vuot qua 5 mg/L thi ti 18 xi thép
hap phu As (1) trong dung dich méi giam, tai
nong do ion SOS 20 mg/L, hé théng phan tng
Xi thep c6 thé duy tri ty 1& loai bo 85%, véi ion
S04 ¢6 tac dung can thiép nhat dinh.

Véi ion PO,*, tinh ning anh hudng xi thép
hap phu As (I11) trong dung d1ch cling nhu 3
loai ion céng sinh (CI', F, SO4 7), khi tang ion
PO,> thi tinh nang xi thep hap phu As (111)
trong dung dich ting, tir d6 dan dén xi thép hap
phu As (I11) trong dung dich khoéng ngu:ng giam
(hinh 11). Nhung voi |on CI, F, SO,* khong
nhu vay, thém ion PO,> xi thep Ioa| bo As (I1I)
suy giam l6n hon, thdm chi & ndng do thap
(<5 mg/L), ty 1€ Ioai bo ciing giam tai 25,2%,
tuy nhién sau tang t61 méi do nao do, nhung
van ¢ xu huéng giam, cudi can bang phan ung,
xi thép loai bo As (III) trong dung dich la

63,1%, nhu khong thém ion PO,¥ hiéu qua xu
ly giam xudng 33,6%.
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Hinh 11. lon PO,* COng sinh anh hudng xi thép
hap phu va loai bo As (111)

Nhu vy c6 thé thiy, nudc ngam bi nhidm
As cao trong do su COng sinh vé&i cac ion NOs,
Cl, F, SO,” va PO4 s€ ¢ anh hudng bat loi
tinh ning xi thép hip phu As (Il1), tir d6 suy
giam hiéu qua xi thép loai bo As (I11). Theo so
sanh, ion PO4 cong sinh c6 tinh nang can thi¢p
xi thép hap phu As (1) I6n nhat do phot pho
va arsen 1a nhom dong phan, P (V) va As (1)

Nghién cizu khdo sdt va danh gid cdc diéu ...

déu la anion tir dién, c6 ciu tric héa hoc va
tinh chat tuong tu, vi vay, su canh tranh trén
cac diém hap phu trén vat li¢u hap phu xi dit
doi hon cac ion clung ton tai khac tiép theo Ia
ion CI'. Trong nudc ngam ham lugng As (111)
cao, c4c ion F va ion SO,* cong sinh cao anh
huong toi tinh ndng xi thép loai bo As (I11)
trong dung dich khéng dang ké. Trong nghién
ctru co ban hai ion cong sinh nay cho thay nang
lyc anh hudng tinh ning vat ligu hap phu Xxi
thép twong doi manh, pht hop vei xu ly va
thanh loc nudc ngam bj nhlem As & do sau.
Thuc té cho thay nuée ngdm nhidm As khéng
chi ¢c6 mot loai ion cong sinh trong khi thuc
nghi¢ém co ban chi chon mot sb ion nhat dinh,
do vay c6 thé khong phan dnh day du su anh
huéng tinh ning xi thép hip phu As (llI). Vi
Viy, trong twong lai tirng budc tién hanh nghién
cru cac ion cong sinh va didu kién cong sinh
ton tai xung quanh ion.

KET LUAN

Hiéu qua Xi thep hap phu va loai bo As (111)
la 3,58*10 “mg/kg vadung xi thep lam vat liéu
hap phu c6 hiéu qua hon han cac vat ligu khac
nhu s6i da, zeolite, da phién sét. Hang $6 te do
hdp phu theo thtr tu: 6 mg/L > 12 mg/L >
18 mg/L vé nong do ban dau cua dung dich
arsen, khi nong d6 As (lll) xuong thap
(C0< 12 mg/L), tuong quan thoi gian can bang
va ndng do rat nho, gin nhu khong lién quan.
Hat xi thép cang nho thi cang dé hap phu va
loai bo As (I11), téc d6 dat trang thai can bang
theo kich ¢& hat: ® 0,15 mm > ® 0,25 mm >
® 0,60 mm. Luong xi thep cang nhiéu thi ty 1¢
hap phu va loai bo arsen cang cao, va xi thép &
cac dang khac nhau thi hi¢u suit hap phu va
loai bé arsenic khac nhau. Nong d6 pH la 11 thi
ty 18 loai bo As la cao nhat la 99,7%. Nhiét do
anh huong khéng ro rang dén xi thép hap phu
va loai bo As. Ngoai ra, cac ion cong sinh trong
moi truong 6 nhiém As (I11) c6 anh huong tiéu
cuc dén ty 18 xi thép hdp phu va loai bo As (111).
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RESEARCH ON SURVEY AND ASSESSMENT OF THE
CONDITIONS AFFECTING ARSENIC ADSORPTION
AND REMOVAL BY STEEL SLAG IN WATER

Tran Thi Thu Trang?*™, Yang ChangMing®, Shen Shuo’, Le Minh Hiep?

'College of Enwronmental Science and Engineering-Tongji University, China
?Institute of Marine Environment and Resources-VAST

ABSTRACT: This paper presents the results of this research which utilizes solid waste
resources in the environment, namely steel slag, to adsorp and remove arsenic in water. The study
conducted empirical processes based on the processes in the experimental conditions affecting
arsenic adsorption and removal by steel slag in contaminated water: concentration, steel slag size,
steel slag weight, pollution concentration, temperature, symbiotic ions. The research results show:
The lower initial solution concentration is, the more easily adsorption equilibrium can achieve, the
higher initial concentration is, the longer it takes to reach adsorption equilibrium; the smaller steel
slag particle is, the more easily adsorption equilibrium can reach; the larger particle size, the
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longer the time to reach adsorption equilibrium; the more increasing the number of steel slag
particles, the greater the pollutant adsorption, the higher the removal efficiency; initial pH
concentration affects As adsorption of steel slag (111); influence of temperature on As adsorption of
steel slag (111) is not clear; different ions (NO*, CI', F, SO, and PO,¥) intervene in As adsorption
of steel slag (111) in solution. Thus, the choice of steel slag as the material to adsorb and remove
arsenic in water is the optimal method, bringing economic efficiency, environmental protection and
practical application.

Keywords: Steel slag, adsorption, arsenic, solid waste.
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