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SUMMARY

STUDY ON THE CO-ADSORPTION OF Cu(Il) AND zZn(11) BY THE COMPOSITE
MATERIAL OF THE U MINH PEAT AND COAL SLAG

The composite material which has been simply prepared from U Minh peat and coal slag are used to adsorb

the heavy metal ions in the aqueous medium. Characterizations from the images of SEM and BET show that

the material 's surface look a rough surface with the specific area of 12.45 m’g’. The adsorption
equilibrium is obtained after 120 minutes. The adsorption capacity (qe) for Cu(ll) and Zn(Il) are 17.90
mg.g! and 19.75 mg.g'! respectively. The adsorption kinetics of these adsorption processes are in the

apparent second-order type 2 equation. The calculations of the adsorption isothermal from the experimental

data indicate these adsorption processes have the high fitness in both models of Langmuir and Freundlich.

All results express that this material can treat the water pollution contaning Cu(Il) and Zn(Il).
Keyword: adsorption heavy metal ions; peat materials; coal slag.

1. PAT VAN PE

Nuée thai cia hoat dong cong nghiép va mot sd
nghé truyén thdng thudong chira mot lwong dang
ké ion kim loai nang, giy nguy hai cho stc khoe
con nguoi khi tiép xtc. Anh huong dén cay
trong, vat nudi va gop phan gy 6 nhiém ngudn
nuée ngot dang ngay cang khan hiém. Rit can
thiét phai c6 bién phap phu hop dé xur 1y, dam
bao tiéu chudn xa thai ra méi trudng.

Hap phu 1& phuong phép xtr 1y duoc cho 1a hi¢u
qua dbi véi cac ion kim loai boi sy than thién voi
mdi trudng, xtr 1y triét dé. Nhidu loai vat lidu co
dién tich bé mit riéng cao, dung lugng hap phu
16n, hiéu sult cao da duoc sir dung. Bén canh do,
cac loai khoang sét, vat liéu c6 ngudn gdc tir
nong nghiép, cong nghiép ciing duoc tan dung dé
ché tao vat liéu, xu ly ion kim loai nang trong
mdi trudong nudce [2, 5, 6, 7, 10, 11, 12].
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Mot thach thirc duoc dat ra, vat liéu du c6 kha
nang hip phu tét, nhung véi khdi lwong it, nho 1é
s& gap khong it khé khan khi phai xtr 1y mot khoi
lwong nudce thai 16n. Vat lidu voi ngudn nguyén
liu ddi dao, phuong phap ché tao don gian, d&
&p dung va co thé san xuit khéi luong 16n s& 1a
hudng vu tién lya chon. Trong nghién cuu nay,
ching t6i ché tao vét liéu c6 ngudn gdc tir than
bun va xi than cua 10 gach, st dung dé hép phu,
xir Iy dong thoi ion Cu(ll), ion Zn(l1) trong mai
truong nude.

2. PHUONG PHAP NGHIEN CUU VA
THUC NGHIEM

- Hoa chat thi nghiém, phan tich: Mudi Cu(II)
va Zn(Il) dé pha dung dich chta dong thoi
ion Cu(ll), Zn(ll) nong do 150; 100; 70 va
50 ppm.



- Vit liéu hap phu: Than bun U Minh, liy ¢ do 70 ppm va 150 ppm. Ding nhiét hép phu va cac

sau 1,5 m, tron déu voi xi than d4 (tan nho) cua thong sb tinh toan dya trén phuong trinh
16 nung gach, ty 1& 70:30 theo khdi lugng. Sang Langmuir va phuong trinh Freundlich [4, 8].

qua ray dé loai bo cat, xac thuc Vz?t. Rira bing - Pic trung tinh chét vat lidu: MAu SEM, miu
nudc may, phoi kho ty nhién dudi nang mat troi. EDX duoc do trén thiét bi SEM-JSM-5300 (Nhat
- Bong hoc hép phu: Léy 0,3 g vat liéu hép phu, Ban); Mau BET do trén thiét bi Micromeritics
cho vao 200 mL dung dich Cu(ll), Zn(Il) ndng (Hoa Ky) va miu FT-IR do trén thiét bi
d6 100 ppm mdi ion, khudy tir nhe. Thoi gian Shimadzu (Nhat Ban).

khao sat 180 phut, sau mdi khoang thoi gian nhat - Néng do Cu(Il), Zn(Il) tai céc thi diém duge

dinh, mau duoc léy ra dé phén tich néng d0, xac xdc dinh trén may quang phé hép thu nguyén ti

dinh thoi diém qué trinh hép phy dat can bang. AAS 240FS (Agilent, M§).

Dung lugng hip phu g dwoc tinh theo cong thirc . . . _
3. KET QUA VA THAO LUAN

(1.1) [2,10]: gt = [(Co— Cy).V]/m (1.1 )

Trong d6, Co, C 1an luot 14 ndng d6 ban dau va 3.1. Dc trung tinh chat vat licu

tai thoi diém t cua dung dich (ppm); V 1a thé tich Thanh phan cua vat liéu dugc phan tich bang
dung dich (lit - L); m 1a khéi luong chét hip phu phd EDX, két qua nhu trinh bay trong Hinh 1a.
sit dung (gam). Trong vat liéu, tong ty & % khdi luong cua

carbon va oxygen chiém chi 66,49%, kha thap.
Ngoai c4c nguyén td chinh cua than bun la
oxygen va carbon, trong vat liéu con c6 céac
nguyén t5 khac chiém ty 1& kha cao nhu: Si
Phuong trinh bac 1: In(de — @) = In(de) — k.t (13,94%); Fe (6,36%): Al (6,01%): S (3,89%).
phuong trinh bac 2 loai 1: 1/(qe —q) = 1/ge + k.t va Ngoai ra, con c6 su xuat hién cia Ca (1,74%);

Pong hoc va cac thong sb ciia qua trinh hap phu
duogc khao sat dua trén ba phuong trinh dong hoc
biéu kién [4, 8, 10]:

phuong trinh bac 2 loai 2: /gy = 1/(k.qe?) + t/Ge. K (1,18%); Mg (0,39%). Ham luong Si, Fe, Al
- Bing nhiét hdp phu: Thay déi ndng do ban dau cao c6 thé do cat min, dat sét 1an trong xi than
ctia dung dich Cu(Il), Zn(IT) 1an luot 1a 50 ppm; cuia qué trinh nung gach.

[) si Spectrun 9 s : {y g

mm x5.00k SE(M)

Hinh 1. a) Phé EDX va b) Quan sat SEM vat liéu hap phu

Quan sat SEM trong Hinh 1b cho thdy, vat liéu 5 réngi d““mg. Pép phu - khﬂf hé‘_p phu tach roi
chi yéu 4 nhitng vy mong, bé mat xu xi, 4o Xép nhau, rong. Dién tich bé mat riéng tinh theo

3 \ ) _ 2 C LA aAs
cao, kich thudc khong déng déu boi day la sy~ Phuong trinh BET, § =12,45 m*g, khd thap doi
tron co hoc giita than bin, xi than rdi phoi khe. voi cdc hé vat liéu hap phy néi chung. Tong the
Quan sat SEM con cho thy, khe rdng hay héc tich 16 trong cua vat ligu V = 0,038141 cm?/g,
trong giira cac hat chiém mot khoang kha I6n. kich thude trung binh cta 16 trong d = 11,736
nm, chu yeu la khe rong gilta cac hat bdi hé

Két qua hap phu - khir hap phu nitrogen trén thong mao quan chwa duoc khoi thong.

Hinh 2a thiy ring, duong tré c6 budc ngung tu
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Hinh 2. a) Puong dang nhiét hap phu - khiz hap phu nitrogen va b) Phé FT-IR cua vat liéu

Déi véi vat lidu ché tao, bién tinh than bun trong
moi truong acid hodc base, dién tich bé mat ting
1én dang ké so voi khi khong bién tinh, dao dong
trong khoang tir 11,8 — 27,8 m%g do mao quéan
duoc khoi théng va sap xép lai, kha ning hap phu
cling ting 1én do bé mit duge hoat hoa, chita
nhiéu nhém chirc ¢6 kha nang hap phu cao [3].
Con than bun so ché, dién tich bé mat tha?ip do tinh
dic chic, mao quan chua khoi thong, do vay, dién
tich co khi chi dat 1,3 m?g [7]. Dién tich bé mat
cuia vat liéu ché tao tir than bun trong nghién curu
ndy tuong duong véi két qua bién tinh than bun
trong moi trudng acid hodc base, bdi dugc tron
v6i xi than nén do xdp, dién tich bé mat ting.

Két qua dic trung bang phé FT-IR trinh bay
trong Hinh 2b cho thay, trén bé mit c6 nhiéu loai
nhém chirc khac nhau c6 kha niang hap phu cao
nhu dai peak tur 1625,99 dén 1010,70 cm™, dic
trung cho cac nhom chirc co trong acid humic
ctia than bun, bao gém ca nhém (— OH), dang
phenol va nhém (— COOH). Dai peak tir 694,37
dén 472,56 cm™, dic trung cho cac nhom (—
SH), (— CS) [13].

3.2. Pong hoc hip phu

Thoi gian hép phu dat can bang duoc xac
dinh bang cach: sau cac khoang thoi gian 15;
30; 60; 90; 120; 150 va 180 phut, mau duge
lay ra va phan tich ndng d6. Chon thodi diém
dat can bang khi dung lugng hap phu
(mg/g) khong ting hodc ting khong dang ké.
Nong do va dung luong hip phu tai thoi diém
can bang goi 1a Ce (ppm) va qe (mg/g). Két
qua hap phu ion Cu(Il), ndng do ban dau C, =
98,37 ppm va ion Zn(II), ndng d6 ban dau, C,
= 102,45 ppm dugc trinh bay trong Bang 1
(thyc hién & pH = 6,1).

Qua trinh hép phu xay ra nhanh & giai doan dau,
trude thoi diém 60 phit, sau d6 sy hap phu giam
dan, va tir 120 phut tré vé sau, dung luong hép
phu ting khong dang ké d6i véi ca ion Cu(Il) va
ion Zn(ll) nhu trinh bay trong Bang 1. Do vay,
¢6 thé coi sy hap phu dat can bang ¢ thoi diém
120 phat. Tuong tng v6i dung lwong hip phu
can bang cua ion Cu(Il), ge = 17,90 mg/g va cla
ion Zn(1l), ge = 19,75 mg/g.

Bang 1. S6 liéu va thoi gian hdp phu ion Cu(ll) va ion Zn(Il) cia vt liéu

Thoi gian (phit) 15 30 60 90 120 150 180
lon Cu (1), Ct (ppm) 83,34 78,45 75,82 73,41 71,52 71,47 71,54
Co = 98,37 ppm g: (mg/g) 10,02 13,28 15,03 16,64 17,90 17,93 17,89
lon Zn (I1), Ct (ppm) 84,36 79,34 75,28 73,02 72,83 72,65 72,74
Co=102,45 ppm  q: (mg/g) 12,06 15,41 18,11 19,62 19,75 19,86 19,81

Véi gia tri ge (mg/g) trinh bay trong Béang 1,
nhan thay ring dung luong hap phu cta vat liéu
dbi v6i ion Cu(Il) va Zn(IT) khong cao, mic du
nong do ban dau C, 16n (~ 100 ppm). Nguyén
nhén co thé do vat liéu hip phu ddng thoi ca hai
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ion nén dung luong dbi voi mdi ion thap. Vat
lidu c6 ngudn gbe tir ty nhién, dung lugng hip
phu kim loai nang dao dong trong khoang tir 19 —
32 mg/g [2, 9, 15]. Di voi mot s6 loai vat liu
ché tao than bun, dung lugng hép phy ion Cu(II),



ge dao dong tur 10,49 — 25,02 mg/g, dung lugng
hap phu ion Zn(II), ge dao dong tir 12 — 22,63
mg/g [1, 9, 14].

Quy ludt va cac théng s dong hoc, dua trén ba

phuong trinh biéu kién: phwong trinh bac 1, bac 2
loai 1 va bac 2 loai 2. Bién dbi s6 liéu hip phuy ion
Cu(Il) va ion Zn(ll) theo ba phuong trinh dong
hoc biéu kién, cho két qua nhur trong Bang 2.

Bdng 2. 86 liéu hdp phy ion Cu(Il) va ion Zn(I1) theo cdc phicong trinh déng hoc biéu kién

t q: (mg/g) Qe -Gt In(ge — qv) 1/(9e ) t/q:

(phat) [ Cu(il)y — zn(1) | Cu(il)y zn(il) | Cu(ly — Zn(il) | Cu(il) — Zn(il) | Cu(ll)  Zn(ll)
0 0 0 17,90 19,75 | 0,2884 2,9832 | 0,0559 0,0506 - -
15 | 10,02 12,06 | 7,88 7,69 | 2,064 2,0399 | 0,1269 0,1300 | 1,4970 1,2438
30 | 1328 1541 | 462 434 | 1,530 14679 | 0,2164 0,2304 | 2,2590 1,9468
60 | 1503 1811 | 287 1,64 | 1,064 04947 | 0,3484 0,6097 | 3,9920 3,3131
90 | 1664 1962 | 126 013 | 02311 -2,040 | 0,7936 7,6923 | 54086 4,5871

120 | 17,90 19,75 0 0 - - - - 6,7039  6,0759

Viéc xac dinh quy luat dong hoc biéu kién cua
qua trinh hip phu dya vao hai thong sb co ban ciia
timg phuong trinh biéu kién, d6 1 gia tri R? va so
sanh gia tri dung lugng hap phu, ge thuc nghiém
(9eTN) v6i Qe tinh todn (QeLT) tir phwong trinh
dong hoc. Phuong trinh nao c6 gi4 tri R? cang cao,
su phu hop véi phuong trinh d6 cang lon. Gia tri

QeTN chénh 1éch véi QeL T cang nhd, phuong trinh
d6 mo ta cang tét quy luat dong hoc hap phu.
Thay s liéu hip phu cua ion Cu(II), ion Zn(II) da
bién d6i & Bang 2 lan lugt vao cac phuong trinh
dong hoc biéu kién béc 1, biéu kién bac 2 loai 1 va
biéu kién bac 2 loai 2 dang tuyén tinh, cho két qua
trinh bay trong Bang 3.

Bdng 3. Théng s6 dong hoc hap phu ion Cu(Il), ion Zn(Il) ciia cdc phwong trinh déng hoc biéu kién

Phwong trinh

Hip phu ion Cu(II)

Hép phu ion Zn(II)

=- X+
Bic 1 0,0272.x + 2,6131

R? = 0,9567; oL T = 13,64 mg/g

y =-0,0521.x + 3,0226
R? =0,9634; LT = 20,54 mg/g

Bic 2 loai 1 y =0,0078.x + 0,0048

R? = 0,9236; oL T = 20,83 mg/g

y =0,0762.x - 1,2305
R2 = 0,6828; qoL T = - 0,76 mg/g

y =0,0501.x + 0,8155

R ) R? =0,9968;
Bac 2 loai 2

k = 0,0501 (g.mg.phit?)

So sanh cac théng sb ctia ba phuong trinh dong
hoc trong Bang 3 cho thiy, qué trinh hip phu ion
Cu(Il), ion Zn(II), phuong trinh bac 2 loai 2 co
gia tri R? cao hon hin so v&i hai phuong trinh
con lai. Hon nira, gia tri geTN va qcLT tinh theo
phuong trinh bac 2 loai 2 cua ion Cu(ll), ion
Zn(I) ciing chénh léch khong nhiéu, khoing
10%. Do do, ¢ thé khing dinh, quy luat dong
hoc hip phu ion Cu(Il) va ion Zn(ll) tuan theo
phuong trinh biéu kién bac 2 loai 2.

Qua trinh hap phu ion kim loai bang vat liéu c6
ngudn gdc tir than bun, rdt nhidu coéng trinh
nghién ctru c6 quy luat hap phu tudn theo
phuong trinh biéu kién bac 2 loai 2 [4, 8, 9, 10],
twong ty nhu két qua ciia nghién ctru nay.

QeL T = 19,96 mg/g; qe TN = 17,90 mg/g
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y =0,0456.x + 0,5625

R?=0,9994;

0eLT =21,93 mg/g; q.TN = 19,75 mg/g
k = 0,0456 (g.mg.phat?)

3.3. Ping nhiét hip phu

Ping nhiét hap phu ion Cu(Il), ion Zn(Il) dugc
nghién ctru dya vao phuong trinh Langmuir (1.2)
va phuong trinh Freundlich (1.3) [4, 8, 10].

Ce/ge = Cel/qm + 1/(KL.Om) (1.2)
va lg(qe) = 1g(Kr) + (1/n).1g(Ce) (1.3)
Co s& dé xac dinh dang nhiét hip phu 1a thay ddi
ndng do ban dau C,, tmg véi mdi Co ¢6 ndng do
can bang C. tuong tng. Trong nghién ctru nay,
ndng d6 ban dau C, 1a 150; 70 va 50 ppm. Bién
d6i két qua qua trinh hip phy ion Cu(Il) theo
phuong trinh Langmuir (1.2) va phuong trinh
Freundlich (1.3) cho két qua nhu trinh bay trong
Béng 4.



Bang 4. S6 liéu hdp phu ion Cu(Il) duoc bién doi theo phuong trinh ddng nhiét Langmuir va Freundlich

Co (ppm) Ce (ppm) e (Mg/g) Ce/Qe 1g(Ce) 19(Ce)
147,89 112,56 23,55 4,7789 2,0514 1,3721
98,37 71,52 17,90 3,9955 1,8544 1,2529
71,56 48,34 15,48 3,1227 1,6843 1,1898
50,82 31,78 12,69 2,5037 1,5022 1,1036

5 14+
a) . b) .
g 2
O y =0,028.x + 1,7518 o

4 R? =0,9687

K,=0,0160 L/mg
0, =37,71 mglg

C. (ppm)

T T 1
20 40 60 80 100 120

134 y =0,4791.x + 0,3801
R?=0,9908

K, = 2,3994
1/n =0,4971

Hinh 3. Phuwong trinh dang nhiét hap phu ion Cu(ll): a) theo Langmuir va b) theo Freundlich

D6i v6i qua trinh hap phu ion Cu(Il), xir 1y s6
liéu va xay dung dd thi biéu dién su phu thudc
cia Ce/ge Va0 Ce theo phuong trinh ding nhiét
Langmuir va sy phu thudc cua lg(qe) vao 1g(Ce)
theo phuong trinh Freundlich, két qua trinh bay
trong Hinh 3. Xir 1y s6 liéu theo phwong trinh
Langmuir, thu dugc gia tri R? = 0,9687 (Hinh 3a)
va theo phuong trinh Freundlich, thu duoc gia tri
R? = 0,9908 (Hinh 3b). Gia tri R? ctia c4 hai
phuong trinh dang nhiét déu cao, c6 thé két ludn
su hap phy ion Cu(Il) bang vat liéu hap phu ché
tao tur than bun, xi than tudn theo ca hai phuong
trinh. Khi thyc hién qué trinh hip phu ion kim
loai bang vat liéu, thudng roi vao ba truong hop
nhu sau: (1) theo phuong trinh ding nhiét
Langmuir; (2) theo phuong trinh ding nhiét
Freundlich va (3) tuén theo cd hai m6 hinh [4,
10].

Dung luong hip phu cuc dai d6i v6i ion Cu(ll),
tinh tir phuong trinh dang nhiét Langmuir, gm =
37,71 mg/g, kha thép so v6i nhiéu loai vat liéu
hép phu, trong d6 co6 ca vat liéu hép phu ché tao,
bién tinh, hoat hoa than bun. Tuy nhién, day la sy
hap phu dong thoi, néu cong ca qua trinh hip phu
ion Zn(Il), két qua nay ciing chap nhan dugc.
Theo két qua tinh toan ciia nhom tac gia [2], than
bun, néu dugc hoat hoa va xur 1y nhiét trong diéu
kién thich hop, dung lugng hap phu cuc dai (m)
v6i ion Pb?* ¢6 thé dat t6i 79,68 mg/g (than bun
Indonesian) va 82,31 mg/g (than bun Ba Lan).
Két qua trén Hinh 3b cho thy, hang sé kinh
nghiém theo phuong trinh Freundlich, 1/n =
0,4971, mé ta tot qua trinh hap phu ion Cu(Il).
Déi v6i quéa trinh hip phu ion Zn(Il), bién ddi
cac sb liéu thuc nghiém theo phuong trinh dang
nhiét Langmuir va Freundlich, cho két qua nhu
trong Bang 5.

Bang 5. 86 liéu hdp phu ion Zn(Il) dwoc bién doi theo phirong trinh ding nhiét Langmuir va Freundlich

Co (ppm) Ce (ppm) 0e (Mg/g) Ce/Qe 19(Ce) 19(0e)
151,23 109,83 27,60 3,9793 2,0407 1,4409
101,48 70,83 20,43 3,4664 1,8502 1,3103
71,05 46,27 16,52 2,8008 1,6653 1,2180
49,23 30,67 12,37 2,4787 1,4867 1,0925
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Hinh 4. Phuwong trinh dang nhiét hap phy ion Zn(l1): a) theo Langmuir va b) theo Freundlich

Xay dyng db thi biéu dién sy phu thudc ctia Ce/ge
vao Ce theo phuong trinh Langmuir va sy phu
thudc cua lg(ge) vao 1g(Ce) theo phuong trinh
Freundlich, két qua dwoc trinh bay trong Hinh 4.
Két qua trong Hinh 4a, theo phuong trinh déng
nhiét Langmuir, gia tri R? = 0,9737 va trong
Hinh 4b, theo phwong trinh déng nhiét
Freundlich, gia tri RZ = 0,996. Cac gia tri R? déu
cao, chimg to ca hai phuong trinh déu mé ta tot
qua trinh hap phuy ion Zn(II), trong tw qué trinh
hap phu ion Cu(Il). Theo phuong trinh

Langmuir, dung lugng hip phu cuc dai cua ion
Zn(ll), gm = 52,08 mg/g, cao hon rat nhiéu so véi
Qm = 37,71 mg/g khi hap phu ion Cu(II). Hing s6
kinh nghiém theo Freundlich, 1/n = 0,6159, md
ta kha tot qua trinh hip phu ion Zn(Il). Sy hap
phu chu yéu nghiéng theo co ché trao dbi giira
cac nhom chuc trén bé mat va ion kim loai,

tuong tu nhu nhom tac gia [2].

Theo cac nghién ctru vé hap phy ion kim loai
bang vat lidu, rat nhidu cong trinh c6 két qua
dang nhiét hdp phu tudn theo ca hai mé hinh [4,
10]. Do viy, trong hdp phu ion Zn(Il), ca hai
phuong trinh ding nhiét déu mo ta tét ciing
khong phai la truong hop ngoai 1¢. Tuy nhién,
dung luong hip phu cuc dai, Qm, d6i vé6i ion
Zn(II) con kha khiém tén so véi cac loai vat liéu
hip phu khac. Uu diém cia vat liéu hip phu
trong nghién ctru nay la d& ché tao, ngudn
nguyén liéu sén co, ddi dao, dac biét la khu vuc
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U Minh (Ca Mau, Kién Giang), c6 thé san xuit
khdi luong rat 16n.

4. KET LUAN

Pa ché tao duge vat lidu hép phu tir than bun va
xi than da cua 10 gach, vat li¢u co dién tich bé
mit riéng, S = 12,45 m¥g, co do xop tuong d6i
cao. Nghién ctru qué trinh hip phu dong thoi ion
Cu(II), ion Zn(II), két qua cho thay:

Thoi gian phan tmg dat can bang 1a 120 phut,
dung lugng hdp phu dbi véi ion Cu(Il), e =
17,90 mg/g, d6i voi ion Zn(II), qe = 19,75 mg/g.
Quy luat dong hoc hip phu tuén theo phwong
trinh biéu kién bac 2 loai 2 dbi véi ca hai ion.
Ding nhiét hip phu tuin theo dong thoi ca
phuong trinh Langmuir va Freundlich v&i hé s
R? cao, dung luong hip phu cuc dai cua ion
Cu(ll), gm = 37,71 mg/g, cua ion Zn(Il), gm =
52,08 mg/g.

Kha niang hap phy cua vat liéu khong cao, tuy
nhién, wu diém 1a d& ché tao, ngudn nguyén liéu
sdn c6 va doi dao, co thé san xuét sé luong 16n.
Do d6, c6 thé mé ra nhiéu huéng tng dung kha
thi cua vat liéu hép phu. Bac biét 1a su dyng vat
liéu hp phu trong hé thong dat ngap nudc kién
tao, phat huy vai trd hip phu va kich thich sy
phat trién cdy trong ciia than bun.

Loi cam on:

Cong trinh dugc hoan thanh nho su hd trg cua dé
tai Khoa hoc va Cong nghé cép Bo Gido duc va
Dao tao. Ma s6 B2020.SPD.02.
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