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KHA NANG HAP PHU CHAT HU'U CO CUA THAN HOAT TiNH
BIEN TINH ION KIM LOAI

Vin Hiru Tap, Nguyén Thi Tuyét’, Nguyén Thi Bich Hanh
] Truong Dai hoc Khoa hoc - PH Thai Nguyén
TOM TAT
Noi dung ctia bai bao 1 danh gia kha nang xir Iy chét hiru co trong méi truong nude bang chat hap
phu than hoat tinh dugc bién tinh bang cac ion kim loai. Bai bao str dung phuong phap hap phu va
danh gia anh hudéng cac yéu to: ty 1¢ % vé khdi lugng ciia hdn hop cac ion kim loai va than hoat
tinh (1-5%); pH (4-10); nong do chat hitu co dau vao (250-1000mg/L), tbc d6 bom (10-30
mL/pht), chiéu cao ciia cot hap phu (1030cm) dén kha ning hap phu cta vat liéu. Cac mo hinh
dong hoc nhu Thomas, Yoon-Nelson va Bohart-Adam ciing dugc st dung trong qua trinh danh gia
két qua thuc nghiém. Két qua nghién ctru cho thy kha ning xir Iy chét hiru co dat ti wu tai ty 1¢
bién tinh 3% va pH 1a 7. Hiéu suét st dung cot hap phu 16n nhét (79,71%) tai ndng do chat hitu co
ban dau 500mg/L, tdc do bom 1a 10mL/phut, chiéu cao 16p vat li¢u héip phu 30cm. Két qua ciing
chtng minh ring MAC c6 thé duoc sir dung nhu 1a chat hip phu tiém ning trong viéc loai bo chat
hitu co.
Tu khoa: Hdp phu; chat hitu co: than hoat tinh; bién tinh; ion kim loai
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ABSORPTION OF ORGANIC MATTER BY
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ABSTRACT

The content of this paper is to evaluate organic matter removal from aqueous solution by using
activated carbons contained iron metals (MAC). The absorption method was conducted. The effect
of the ratio (0-5%, w/w) of iron metals and activated carbons, pH (4-10), initial organic matter
concentrations (250-1000mg/L), flow rates (10-30mL/min), the height of the adsorbent column (10
-30cm) on the adsorption system were studied. Sorption of organic matter on the activated carbons
could be described by kinetic models: Thomas, Yoon-Nelson and Bohart-Adam. The results
showed that the optimum condition was at the ratio of 3% and pH of 7. The optimum adsorption
process (79.71%) reached at the initial organic material concentration of 500mg/L, the flow rate of
10mL/min and MAC fixed-bed height of 30cm. The results also approved that MAC can be used
as a potential absorbent to treat organic matter.
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1. Pit van dé

Cé4c chat hitu co nhu cacbohydrat, protein,
chat béo, phenol, pham nhuom,... tir céc
ngudn nuéc thai sinh hoat, nuéc thai chin
nudi cho dén cac co so cong nghiép dét
nhudm, ché bién thuc pham, hoa chat bao vé
thyc vat... dang la thach thuc I6n cia nudc ta.
Ngudn nuéc c6 ham lwong chat hiru co cao 1a
nguyén nhan gay thiéu hut oxy va lam mét
can bang sinh thai trong nguon nudc. Mat
khac, chat hiru co két hop véi oxy s& tao ra
chat doc la nitrit, chat nay khi vao co thé
ngudi s& gy ra hién tuong thiéu oxy trong
mau (methemoglobin). Nitrit khi két hop véi
céc axit amin trong co thé con tao thanh chat
nitrosamine gdy ung thu [1]. Chinh vi vay,
loai bo chat hitu co khoi ngudn nuéc 13 rat
can thiét.

Dé loai bo chét hitu co ¢o thé su dung mét )
phuong phap: suc khi, oxy héa (vi sinh, hda
hoc, quang hoa) va hip phu. Xu hudng sir
dung phuong phap hap phu dé xir 1y 6 nhiém
moi truong dang 1a huéng di nhiéu trién
vong. Than hoat tinh lau nay von duogc biét
dén 1a vat lidu hap phu ddi voi cac chat hiru
co phan tir lugng 16n, c6 mau va cd6 mui vi €O
vu diém do tinh twong ddéng vé tinh chat
khong phan cuc cia bé mit than voi chat hitu
co trong moi trudng co6 tinh phan cyc cao cla
nuée. Tuy nhién, néu sir dung than hoat tinh
don thudn trong xtr 1y cac chit 6 nhidm trong
nudc thai thi hi¢u qua chua thuc sy tdt.
Nguyén nhédn 1a kha ning hip phu cua than
hoat tinh s€ bi bao hoa sau mot thoi gian st
dung nhit dinh. Van dé dit ra 13 can phai
nang cao kha ning hip phu cac chét hitu co
cua than hoat tinh. O nudce ta, dd c6 mot sd
cong trinh nghién ctru vé van dé nay nhu xtr
1y cac chat hitu co bang than hoat tinh Tra
Bic két hop véi nano composit FesO, dé hip
phu metyl da cam [2]; sir dung than hoat tinh
dang thuong mai xo dira bién tinh véi HNO;
va H,0, dé hip phu mot s6 pham mau (metyl
d6, metyl da cam va Alizarin vang) [3]; st
dung than hoat tinh két hop véi siéu am dé xur

li toluen, etyl axetat, butyl axetat, xylen trong
nudc thai son [4]. Bai bdo nay trinh bay
huéng nghién ciru mai vé ché tao vat liéu hip
phu than hoat tinh dugc bién tinh bang t6 hop
nhiéu ion kim loai dé ting cuong hiéu qua xir
ly chat hitu co trong ngudn nudc.

2. Pbi twong va phuong phap nghién ctru
2.1. Poi twong nghién crru

- Chat hitu co (chat bi hip phu): Dung dich
chtra chét hitu co ty pha 1a dudng (C12H22011)
c6 nong do 250-1000mg/L.

- Vit liéu hap phu (chat hap phy): Than hoat
tinh gao dira dugc mua tir cong ty TNHH Tra
Bic, sau d6 duoc bién tinh bang hén hop
mudi kim loai.

2.2. Phwong phdp nghién ciru

* Bién tinh than hogt tinh: Than hoat tinh
(AC) duoc bién tinh bang cac ion kim loai tir
hon hop cac mubi AgNOs, Ni(NOs3),,
K2Cr.0y, Fe(N03)3, CO(NO3)2, Mn(N03)2,
Cu(NO3); Vi ti 1é % khéi lugng twong wng
tung loai mudi 1a 2%, 5%, 6%, 7%, 20%,
30% va 40%. Viéc ngdm tam hdn hop mudbi
kim loai dé thu duoc than hoat tinh bién tinh
thuc hién & céc ty 1é % vé khdi luong cia hdn
hop cac ion kim loai va than hoat tinh la 1-5%
[5]. Sau khi ngdm tam, hén hop than hoat tinh
d3 ngdm céc ion kim loai trén duoc rira bing
nuéce cat 2 lan dé loai bo cac muéi kim loai con
du cho dén pH trung tinh va siy kho thu duoc
than hoat tinh bién tinh (ki hiéu 1a MAC).

* Thi nghiém hdp phy tinh: Thi nghiém dugc
tién hanh trén may lic voi tbe do 120
vong/phut va thoi gian 120 phit ¢ nhiét do
phong. Can 400 mg MAC dat vao binh tam
gi&c 100mL chira S0mL dung dich duong véi
noéng do 500mg/L. Sau khi hap phy, cic mau
duoc loc va xac dinh néng dd dung dich
dudng con lai (sau hap phy) thong qua phan
tich COD. Cac thi nghiém duoc thuc hién dé
xac dinh ty 16 bién tinh t6i wu (voi ty 18 vé
khdi lugng ion kim loai/than hoat tinh thay
d6i nhu sau: 0, 1, 2, 3, 4 va 5% (khi
lwong/khdi lwong) va gia tri pH t6i wu cho thi
nghiém hap phu dong voi gia tri pH thay dbi
tur 4-10.
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* Thi nghiém hcfp phu dong: dugce thuc hién
bang mo hinh cot (Hinh 1). Trong cot xur ly
¢6 chira vat lidu hip phu 1a MAC. Dung dich
duong can xir Iy duoc chira ¢ binh s6 1, bom
dinh lugng dugc st dung dé bom dung dich
duong chay qua cot hip phu theo chiéu tir
dudi 1én trén. Sau hép phu, dung dich dugc
chtra trong binh s6 2. Cac thi nghiém dugc
thuc hién dé khao sat cac yéu td anh hudng
cua néng dd chét hitu co dau vao Co = 250,
500, 1000mg/L; anh hudng cua téc d6 bom V
= 10, 20, 30mL/phit va chiéu cao cua cot hap
phu h = 10, 20, 30cm (twong ung 150, 300 va
450g chit hip phu) voi tan sudt 30 phut/lan
cho dén khi phan tich ndng do sau hap phu
bao hoa thi dung thi nghiém.

\\ p——

Hinh 1. M6 hinh hé thi nghiém cot hép phu
chat hitu co

* Phwong phdap phan tich:

- Xac dinh ndng d6 duong thong qua chi tiéu
COD bang phuong phap Bicromat (K,Cr,0-);
Xéc dinh ddc diém cia AC va MAC: dién tich
bé mit (Sger) bang phwong phap duong ding
nhiét hap phu-khir hip phu N; anh SEM béng
phuong phap SEM (kinh hién vi dién tir
quét); nhom chirc ning bé mat bang phuong
phap quang ph6 hong ngoai bién ddi (FTIR)
va pHezc bang phuong phap chuin do do pH
v6i chat dién ly 1a dung dich mudi KC1 0,1M
o 25°C.

* Phirong phdp xir Iy s6 liéu: Cac s6 liéu thu
thap dugc tu thuc nghiém duogc xu 1y théng
ké bang phan mém Microsoft Excell [6] dé
xac dinh:

- Dung luong hip phu tinh (q, mg/g) qua
cong thirc: ¢ = (COD; —CODg)V/W (1). Trong

d6, COD, va COD; (mg/L) 1a COD ban dau va
COD ¢ thoi diém t sau hip phu dung dich
dudng, V (L) la thé tich 1am viéc cua dung dich
chat hap phu va W (g) 1a khéi luong ciia chat
hap phu di str dung cho thi nghiém hap phu.

- Dung lugng hip phu cdt (o, Mg/g): Dung
lugng hap phu cta cot: gt (MY), CODag =
(COD, —CODy) (mg/L) twong tng thoi gian
hép phu (t, phut) duoc tinh theo cong thirc:

_ 4 _ Q I=Troeal
Qtotal = 1000 ipop Ct=0 Eﬂﬂcd at (2)

Trong d6, CODaq = 12 ndng d6 COD hép phuy,
COD, va COD; tuong tng 1a nong d6 COD
ban dau va tai thoi diém hép phu t ciia dung
dich duong.

- Cac m6 hinh dong hoc hap phu dé danh gia
két qua thuc nghiém:

M6 hinh Thomas: phuong trinh c¢6 dang tuyén
tinh nhu sau:

Trong d6: COD,, COD,: COD déu vao va dau
ra caa dung dich hip phu (mg/L); qo: dung
lugng hap phu cuc dai (mg/g); M: khdi luong
chat hiap phu (g); Q: téc do6 dong chay
(mL/phut); V: thé tich chay qua cot hip phu

(mL); Kr: hang s6 toc dd Thomas
(mL/phat/mg).
M6 hinh Yoon - Nelson: phuong trinh co
dang tuyén tinh nhu sau:
con, _
CODn-COD. Kt - 7Ky (4)

Trong d6: COD,, CODe: nong do dau vao va
dau ra cta dung dich dudng (mg/L); Kyn: hé sé
toc do (phut™); t: thoi gian dé hap phu 50% chat
bi hap phu (phut); t: thoi gian (phut).

M6 hinh Bohart - Adam: phuong trinh c6 dang
300D _  Kgg,LOD

R ®)
Trong d6: qr: dung luong hap phu con lai cua
chat hdp phu (mg/g); Ks: hé s dong hoc
(/mg.phut); Q: téc d6 dong chay (mL/phut);
COD: ndéng dd chat bi hap phu (mg/L); z:
bién d6 dai ndng d6 (cm).

Tt m6 hinh dong hoc, tinh d6 dai téng chuyén
khéi (L) va hiéu sudt st dung cot (1) theo
cong thtrc:
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L=H. “=‘-‘h3(6) HHL100 (6)

Trong do: ty: thoi gian thoat tai CODe = 2%.
COD, (phut); ts: thoi gian bao hoa tai CODe=
90%.Co (phut); L: do dai tang chuyén khéi
(cm); n: hiéu suat sir dung cot hap phu (%)

3. Két qua nghién ciru va thao luan

3.1. Dic diém ciia than hogt tinh bién tinh

Dic diém cua than hoat tinh Tra Bic (AC) va
than hoat tinh bién tinh (MAC) dugc thé hién
0 Bang 1.

Két qua Bang 1 cho thiy thé tich 15 rdng
trung binh than MAC tang nhe tir 0,159mL/g
(AC) Ién 0,172mL/g (MAC). Nguoc lai, dién
tich bé mit (Sger) giam nhe tir 691m?/g (AC)
xubng 683m%g (MAC). S¢ di nhu vay vi su
bién d6i hoa hoc do tac dong cua cac ion kim
loai tir hdn hop dung dich mudi lam an mon
bé mit gd ghé cac hat than dan dén giam dién
tich bé mit, nhung qua trinh bién tinh bang
cac ion kim loai ndy ciing pha v& mot sé ciu

tric hat than nén lam ting nhe thé tich 15
rong. Két qua nay ciing phu hop v6i anh SEM
(Hinh 2a va 2b) thu dugc véi MAC c6 bé mit
nhin hon so v6i AC. Két qua ciing cho thdy
rang cac nhom chic axit giam trong khi cac
nhém chirc bazo ting lén d6i véi MAC.
Tuong tu, pHpzc cling tang tir 6,5 & AC lén 7,5
dbi voi MAC. Hién tuong nay c6 thé duoc
giai thich 1a c¢6 sy gin két cac ion kim loai
trén bé mit MAC khi AC dugc ngdm trong
hdn hop cac mudi kim loai trén. Anh SEM
(Hinh 2a) cho thiy than AC c6 nhiéu cau triic
x6p, dudng kinh trén bé mit kha nho khoang
100 nm. Bén canh d6, ¢6 rat nhiéu hat kich
thudc nano nhung khong ddng nhat. Trong
khi @0, hinh thai bé mit cia MAC di thay dbi
1& rét (Hinh 2b). Trén bé mit MAC co cic
phan tir dudong bam (mau tring). Bé mit cua
MAC 1a min hon so véi AC va di thiy cac
ion kim loai trén bé mat.

Bang 1. Cdc dac trung hoa hoc va vdt ly ciua AC va MAC

Théng s6 AC MAC (3%)
Dién tich bé mat (m?%/g) 691 683
Thé tich 15 réng (mL/g) 0,159 0,172
Kich thudc phan tr (nm) 5,46 5,46
Diém dang dién ( pHpzc ) 6,5 7,5
Nhém axit (mmol/g) 0,16 0,08
0,12

Nhom bazo (mmol/g

0,49

Hinh 2. Anh SEM ciia: a) AC; b) MAC
3.2. Anh hwong ciia ti 1¢ bién tinh than hoat tinh dén hiéu qud hdp phu dwong
Anh huéng ciia ti 18 bién tinh than hoat tinh dén hiéu qua hip phu duong thé hién & Bang 2.

Bang 2. Anh huéng cia ti 1é bién tinh dén dung hrong hap phu dwong

Ky hiéu cong thirc g (mg/g) H (%)
AC 16,16 26
MAC 1% 16,52 26
MAC 2% 22,38 36
MAC 3% 28,28 45
MAC 4% 22,38 36
MAC 5% 21,88 35
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Tir Bang 2 cho thay khong c6 khac biét vé
dung lugng hip phu va hiéu suat xir ly gitra
AC va MAC véi ty 1& bién tinh 1% (16,16
mg/g dbi voi AC va 16,52mg/g ddi véi MAC
1%). Nguyén nhén la do qud it lugng ion kim
loai duoc gin vao AC. Tuy nhién, dung luong
héap phu ciia MAC di nang cao dang ké khi ti
1¢ bién tinh ting tir 2 dén 3% va dat dén
ngudng cao nhat 1a 28,28mg/g véi ti 1& bién
tinh 12 3%. Sy cai thién nay c6 thé 1a do khi ti
1¢ bién tinh tang Ién thi d4 lam ting cic nhém
chte ning hoat dong, chu yéu 1a cac nhom
chtre bazo c¢6 kha ning hip phu chét hiru co.
Co ché nay dugc giai thich do hién tugng trao
ddi ion hydro (H*) tir b mat than hoat tinh
dugc thay thé bang cac ion kim loai, ddn dén
giam d¢ axit nhém ctia AC. Vi thé, kha ning
hap phu cac chat hitu co cia MAC ting lén.
Tuy nhién, dung luong hap phu c6 xu hudng
giam nhe khi ti 1€ tang 1&€n 4 va 5%. Sy giam
kha niang hap phu c6 thé 1a do d6 rdng trong
bé mit MAC bi bdo hoa béi céc ion kim loai,
dan dén giam dién tich bé mat cia MAC, do
d6 khong co nhiéu vi trf hoat dong trén bé mat
MAC dé hip phu cac phan tir duong. Tir két
qua trén, c6 thé thdy kha ning hip phu cua
MAC téi uu 6 ti 1¢ bién tinh 3%.

3.3. Anh huwong ciia pH dén hi¢u qud hip
phu duong boi MAC

Két qua khao sat anh hudng ctua pH dén dung
luong hap phu duong duoc trinh bay ¢ Hinh
3.

Tir Hinh 3 cho thiy dung dich duong bi hip
phu vao MAC trong méi truong axit va trung
tinh (pH: 4-7) cao hon so v&i moi trudng
kiém (pH: 8-10). Dung lugng hip phu cao
nhét (20,42mg/g) & méi trudng trung tinh (pH
= 7). Khi pH > 7 thi dung luong hip phu
giam. Nguyén nhan la cac anion OH trong
mdi truong kiém da canh tranh véi cac phan
tir duong khi gén vao cac vi tri hap phuy trén
MAC dén dén cac anion dudng bi diy ra khoi
bé mit tich dién duong cia MAC va lam
giam kha niang hip phu cta cac anion dudng
1én MAC. Tuy nhién, bé mat cia MAC mang

dién tich am khi pH ban dau < pHp (7,5), su
biéu hién cua cac nhom chirc (-OH2* va —Hz)
trén MAC khi pH dung dich < pHpzc di hap
phu phan to dudng tir dung dich qua lyc hut
tinh [7], [8]. Khi pH dung dich cang gan gi4
tri pHpzc thi luc hit tinh dién cang cao. Vi thé,
kha nang hap phu dat t6i wu & pH=7.

25
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Hinh 3. Anh huong cua pH dén dung lwrong hdp
phu duwong ciua MAC (nong do dwong ban dau 500

mg/l, ham lwong MAC 500 mg/50 mL dung dich)
3.4. Anh hwéng ciia nong dp dwong dén qud
trinh hip phu bang than hoat tinh bién tinh
Két qua khio sat anh huong ciia nong do
duong dén hiéu qua xir Iy duong duoc thé
hién & Hinh 4. Hinh 4 cho thay, khi nong do
chat bi hip phu tang thi thoi gian thoét va thoi
gian dat bio hoa nhanh hon, cy thé 1a thoi
gian thoat bat dau xay ra sau 690, 390 va 330
phut tuong tng néng d6 dudng ban dau la
250, 500 va 1000mg/L va thoi gian bdo hoa
twong ung la 1620, 1050 va 990 phat. Dung
lugng hap phu duong béi MAC ting tuong
ung tir 13,86 1én 23,23 va 39,61mg/g. Nguyén
nhan 1a do trong cung diéu kién vé chiéu cao
I6p vat lidu hap phu va téc do bom khong doi,
khi nong do chat bi hap phu dau vao ting thi
qua trinh khuyéch tan vao trong cac mao quan
clia MAC tiang do ting gradien nong do va
lam giam qua trinh chuyén khéi dan dén thoi
gian hoat dong cua cot hap phu giam. Su hip
phu duong vao MAC nhanh hon do sy di
chuyén cua chat hiru co tir pha long sang pha
ran nhanh khi chénh léch nong do Ién hon.
Két qua nay tuong ty nhu nghién ctu cua
Pablo va cong su [9] khi nghién ciu hap phu
phenol bing than hoat tinh tir 18i ngé.
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Hinh 4. Bo thi biéu dién anh hwéng cia nong dé
duong deén duong cong thodt theo mo hinh
hap phu dong

3.5. Anh hwong cia téc dp bom dén higu
qud xr ly dwong

Két qua khao sat anh huong cua toc do bom
dén kha niang hap phu duong duoc thé hién ¢
Hinh 5 cho thay khi téc do bom cang nho thi
thoi gian thoat va thoi gian bao hoa cang tang.
Véi toe do bom 10, 20 va 30mL/phut thi thoi
gian thoat xay ra twong ung sau 390, 210 va
150 phat. Pong thoi, thoi gian bdo hoa dat
dugc twong ung la 1080, 930 va 780 phdt.
Dung luong hap phu duong boi MAC tang tir
22,27 1én 32,56 va 39,65mg/g twong Gng. Két
qua nghién ctu ndy cho thiy thoi gian hap
phu xay ra nhanh nén khi tbc do bom ting da
lam ting dong luc hap phu (hay téc do truyén
khéi) dan dén tang lugng chat bi hap phu vao
vat liéu.
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Hinh 5. o th; biéu dién anh hirong cua toc dg bom
dén dwong cong thoat theo mo hinh hdp phu déng

3.6. Anh hwéng ciia chiéu cao l6p vit ligu
hdp phu dén hiéu qua xiv Iy dwong bing
than hoat tinh bién tinh

Két qua khao sat anh huong cia chiéu cao cot
dén kha nang hip phu dudng trinh bay ¢ Hinh
6 cho thay thoi gian thoat va thoi gian bio
hoa ting khi ting chiéu cao 16p vat liéu hap
phu. Khi chiéu cao 16p vat liéu hap phu ting
tir 10-30cm thi thoi gian thoat xay ra tuong
ung la 360, 570 va 660 phut va thoi gian bao
hoa tang tur 1020 1én 1770 va 2310 phut. Tuy
nhién, dung luong hép phu gidm dan tir 22,27
xubng 18,24 va 15,73mg/g twong tng. Khi
chiéu cao 16p vat liéu hap phu ting nghia la
ving chuyén khéi ting thi thoi gian tiép xtic
cua cac phan tr duong trong dung dich voi
MAC ting 1én dan dén luong chét bi hip phu
duoc giir lai nhiéu hon dan dén thoi gian thoat
va thoi gian bao hoa xdy ra cham hon.
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Thai gian (phat
Hinh 6. 6 thi biéu, dién sy ginh huong cua chiéu
cao I6p vat liéu hap phy dén dwong cong thodt
theo mo hinh hap phu dong
3.7. M6 phéng két qud nghién civu theo cdc

mé hinh dgng hoc hip phu

Két qua & Bang 3 cho thiy, cac md hinh c6 hé
s6 twong quan kha cao (R? > 0,55), trong d6
mo hinh Yoon-Nelson 1a phu hop hon véi R?
cao hon (> 0,9). Theo md hinh Thomas, hé sb
Kr ting khi toc d6 dong chay ting; giam khi
ndng d6 duong ban dau ting va chiéu cao 16p
vat liéu hap phu giam. Két qua tinh toan tir
mo hinh phtt hop véi két qua thuc nghiém.
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Bang 3. Tham s6 ciia cdc mé hinh dong hoc hap phu trong qud trinh hdp phu dwong bang MAC

Bién sb Thomas Yoon-Neslon Bohart-Adam
COD, Q Z Kr , ] , Ks )
(Mg/l)  (mL/jphity  (cm) (mL/mg) R Kw  t(phi R (Img.L) R
250 10 150 0,000010 0,6772 0,0043 1042 0,9118 0,000010 0,6772
500 10 150 0,000007 0,76 0,0080 651 0,9061 0,000007 0,76
1000 10 150 0,000004 0,6258 0,0062 695 0,9592 0,000004 0,6258
500 20 150 0,000005 0,8985 0,0060 502 0,9701 0,000005 0,8985
500 30 150 0,00002 0,96 0,0088 522 0,9171 0,000007 0,8001
500 10 300 0,00001 0,9809 0,0035 1071 0,982 0,000004 0,8291
500 10 450 0,00001 0,9544 0,0030 1419 0,931 0,000003 0,805
Bang 4. Thoi gian hoat déng va dg dai tang chuyén khoi
Q h m CODo To Vb q ts Vs L (%)
(mL/phit) (m) (g (mg/L) (phat) (mL) (mg/g) (phat) (mL) (cm) e
10 10 150 250 720 7200 22,27 1020 10200 6,47 35,29
10 10 150 500 360 3600 32,56 1020 10200 2,94 70,59
10 10 150 1000 270 2700 39,65 900 9000 7,00 30,00
10 10 150 500 720 7200 22,27 1020 10200 2,94 70,59
20 10 150 500 510 10200 23,24 840 16800 3,93 60,71
30 10 150 500 360 10800 39,61 700 21000 4,86 51,43
10 10 150 500 720 7200 22,27 1020 10200 2,94 70,59
10 20 300 500 480 4800 18,24 650 6500 5,23 73,85
10 30 450 500 550 5500 15,73 690 6900 6,09 79,71
4. Két luén aeration method”, Graduate thesis in

Than hoat tinh bién tinh bang 7 mudi kim loai
dd cho hiéu qua hap phu cao hon than hoat
tinh khéng bién tinh. Trong d6, cong thic
MAC 3% mang lai hiéu qua hap phu tét nhat
v6i dung luong hip phu dat 28,28mg/g. Gia
tri pH t&i uu cho hip phu duong xac dinh
dugc trong nghién cau nay la 7.

Hiéu suat xir Iy duong phu thudc vao nong do
ban dau cua dung dich va téc doc bom, véi
nong do ban dau cua duong la 250, 500 va
1000mg/L thi dung lwong hap phu dat 13,86;
23,23 va 39,61mg/g, véi toc dd bom tir 10-30
mL/phit twong ung dung lwong hip phu
duong boi MAC tang tr 22,27-39,65mg/g.
Dung luong hap phu giam dan tir 22,27 xudng
18,24 va 15,73mg/g twong ung chiéu cao 16p
vt liéu hap phu tang tir 10 1&n 20 va 30cm.
Qua trinh hdp phu duong boi MAC tuan theo
md hinh déng hoc Thomas, Yoon-Nelson,
Bohart-Adam. Hiéu suit sir dung cot hip phu
16n nhét (dat 79,71%) tai diéu kién tbi wu: tdc
d6 bom 10mL/phut, ndong d6 duong ban diu
500mg/L va chiéu cao cot hap phu 1a 30cm.
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