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1.1. THAN BUN VA SU HINH THANH THAN BUN [14]

Than biin 13 sin phdm phin hiy clia thyc vat, mau den hoic niu. Pay la
mot hon hop clia thuc vat ddm ldy dd loai: min, vat liéu vo cd va nuéc, trong d6
di tich thuc vat chi€m hon 60%.

Than bun 12 loai vat liéu c6 thé chita t6i 50 — 60% carbon khi kho, nén
than buin 13 loai nhién liéu d6t chdy va sau khi chdy dé lai 5 — 50% chit tro. Khi
chdy, than biin phét ra nhiéu khéi va c¢6 mui hdi, nhiét lugng khodng 2000 — 5000
kCal/kg.

Than bun dugc hinh thanh do sy phan hiy clia cdc giéng, loai thuc vat x3y
ra trong nuSc dudi dnh hudng ctia khi hau 4m u6t. VAt liéu bi phan hiy tich tu
ngay tai ndi cia thyc vat sinh sdng. Cdc giong loai thuc vat phat trién trong
nudc, sau khi chét bi than héa hoidc min héa trong di¢u kién khong c6 khong
khi. Sy than héa hodc mun héa 1a k&t quéd cia sy phan hily clia thuc vat dudi tac
dong clia cdc vi sinh vat (vi khudn, nAm). Hién tugng nay doi hdi mot thdi gian

lau dai hang tram hodc hang ngan nam.

1.2. THANH PHAN CUA THAN BUN [14][43]
1.2.1. Hgp chat hitu cd va thanh phan nguyén to
1.2.1.1  Hgp chat hitu co

Thanh phﬁn cdc chit hitu co hoan toan phu thudc vao thuc vat tao than,
muc d0 phidn hiy va méi trudng trong d6 than bun dugc hinh thanh. Nhitng
nghién cifu vé than biin da xdc dinh dugc 5 nhém hgp chit hitu co cin ban trong
than bun sau day:

+ Cdc chat hitu co hoa tan trong nudc: chii y&u 1a polisacarit, don dudng va mot
it tanin. Thanh phan clia cdc hop chat ndy dao dong tir 5 — 10% tily theo mifc do

phan huy.
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+ Cdc hop chat hoa tan trong este va rupu: gdbm axit béo, sdp, resin,..Thanh
phan cdc hgp chit nay dao dong trong mot khodng rong, lién quan chit ché dén
thuc vat tao than va cang ting khi tudi than cang 16n.

+ Xenluloz va hemixenluloz chi€m khodng 5 — 40%

+ Lignin va cdc din xudt ti lignin: thudng c6 thanh phan 16n nha't vi lignin it bi
ri¥a troi hon cdc chat khéc, lignin ciing rdt bén ddi véi sy tdc dong cda vi sinh
vat. Thanh phan nay thudng dao dong trong khodng 20 — 50%.

+ Hop chat nito: thudng chi€m mot i 1& thap, dao ddng tir 0,3 — 4%.

Céc thanh phin hitu cd trong than bun c6 thé x&p loai theo cdc chdt mun va
cdc chat khong phdi la chdt mun:

e Cic chat khdong phdi mun nhu cdc cacbuahydro, protein, aminoaxit,.Céc
axit hitu co bac thap c6 trong than bun dudc khodng héa nhanh bdi cdc vi
sinh vat, vi vdy tudi tho clia chiing trong dat rd't ngin.

e (Céc chdt mun: ngugc lai c6 ciu tric phic tap, c6 tinh axit va thudng cé
mau tdi, chd y&u 13 cdc hdp chit thom da dién li vd mdt phan 12 cdc hdp
chat chita hydro vé6i khdi lugng phan tir khodng 300 dén 100.000. Ching 1a
nhitng bac trung gian clia qua trinh khodng héa cdc chit hitu cd trong bun
va dnh hudng dén kha ning hit nudc, khd ning trao ddi ion cdia than biin
ciing nhu kha ning lién k&t cdc ion kim loai.

Céc thanh phin hitu co trong than biin ¢6 kh3 ning hdp phu va trao ddi
ion trong nhitng diéu kién pH thich hgp.
1.2.1.2  Thanh phan nguyén t&
DPay Ia ti 1é phin trim cla cdc nguyén td trong than. Thanh phin nguyén
td clia than bun thay ddi theo mAu vat phan tich, thinh phan thyc vat, mitc do

phan hiy cuia thyc vat va theo cd do sdu ciia mo than.
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Trong cdc nguyén t& tao than, thinh phin carbon, oxy, hydro 13 ndi bat vi
né chi€m hau hét thanh phan cia than. Phan con lai danh cho nhiéu khodng cha't
khéc, trong d6 mdi khodng chat chi chi€m mot ti 1€ rdt nhd. Céc nguyén t&

thuong gdp trong cdc loai than bun 1a: N, P, K, Na, S, Al, Fe...

1.2.2. Chat mun

Chat mun 13 sin phim phan hiy cdc chit hitu. Chat miin hién dién dugi
dang keo giau carbon, thudng c6 mau nau hodc den. 0] trang thdi kho, chat mun
c6 mau den, ciing gidn c¢6 kha ning hap thu nhiéu nuSc va chat dinh dudng.

Chat min hoa tan tirng phan trong cdc dung dich kiém, bi k&t tda trong
céc axit va dic biét 1a rd't bén dudi tdc dung clia cdc vi sinh vat trong diéu kién
y&m khi. Ngugc lai, trong diéu kién thodng khi, chidt mun c6 thé bi bi€n ddi bdi
mot sd cdc loai ndm.

Thanh phan héa hoc clia chat miin gdm c6: carbon, oxy, hydro va nito.
Ngoai cdc chdt c¢d ban trén ddy, chdt min con chita lvu huynh, photpho, natri,

kali, canxi va mot s6 nguyén td vi lugng khéc.
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Trén cd s& khd ning hoa tan, chiing ta c¢6 thé chia chdt muin thanh 03 dang:

Khéng Humin
tan
Than bun pH >13,5 Axit Humic
Phan tan

Axit Fulvic

Hinh 1. 1: Phuong phap tich cdc chdt mun tir than bun
- Axit fulvic: tan dudc trong nudce, c6 mau niu, két tia trong axit thudng cé

mau vang hodc ndu vang. Axit fulvic c6 ham lugng cdc nhém chitc axit cao,
hoa tan trong kiém. Chiing ¢6 khdi lugng phan ti khong cao lim, thanh
phin carbon thudng nhd hon 55%.

- Axit humic: khong tan trong nudc, khong tan trong rugu, hoa tan trong cdc
dung dich kiém va khi pH gidm (axit héa) thi lai k€t tha. Cdc axit humic ¢
kh&i Iugng phan tir tir 20.000 d&n 100.000, c6 thanh phin carbon khodng
58%.

- Humin: gdm cédc chat cao phin tif con lai, khong tan, c6 mau den, xuat hién
do qua trinh gia héa cta axit fulvic va axit humic.

Hién nay, ngudi ta chia cdc hgp chdt humic 1am 03 nhém: axit humic, axit

fulvic va humin.
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Bing 1. 1 : Tinh tan cia cdc hgp chat humic

Nhém chat Tan trong
Nuée Kiém Axit
Axit fulvic + + +
Axit humic - + -
humin . - ,

Ghi cha: (+) : tan; (-) : khong tan

Néu 1ay chat mun chiét véi bazd manh rdi cho sdn phim tan trong axit thi ta co:

1. Humin 13 nhitng sdn phdm g&c thuc vat khong chiét dugc.

2. Axit humic 12 nhitng sdn phdm két tda trong qud trinh axit hoa.

3. Axit fulvic 1a nhitng ch4t hitu cd con lai trong dung dich axit.

Cédc hgp chdt humic 4nh hudng rit 16n dén tinh chit clia nudc nhu tinh
chat bazo, tinh hap phu, va dic tinh tao phic.

Vi du céc axit fulvic ¢6 4nh hudng dén dic tinh clia nu6c trong khi d6 humin
khong tan va axit humic tic dong dén chit lugng nudc thong qua trao ddi cation,
céc chat hitu co..v6i nuéc.

Cho dén nay ngudi ta da bi€t dugc cdc hdp chat humic 12 nhitng chat dién
ly ¢6 phan t& lugng cao, tit vai tram (axit fulvic) tdi vai van (axit humic va
humin). Ching khong phdi 13 nhitng phin t& riéng 18 ma lién két v6i nhau
(humin, axit humic va axit fulvic). Cdc hgp chdt humic nay hinh thanh mét bo
khung cacbon c6 chita ciac goc thdm, mdt s6 nhém oxi hoat ddng va cé thé c6 ca
nhitng nhém giéng protein va cacbuahydro. Cac thanh phin nay cé thé dé dang

bi hydro héa tir cdc hat nhan thom ma lai bén véi phdn &ng sinh hoc
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Cong thiic phan tif cia mot loai axit humic dugc dé nghi:

HC o]
(H(|3 OH)y  (sugar

SEETN

I
(|:_ O (peptice)

COOoH

Model structure of humic acid (Stevenson 1582) *

Thong thudng cdc hgp chat humic chita 45 — 55 %C, 35 — 45 %0, 3 — 6 %H,
1 -5%N va0—1%S. Khi phan hiiy cac hgp chat humic ¢ thé thu dugc mot s6

san pham phan hity dién hinh nhu sau:

H=C=0 COOH
OH
OH
Hy OCH,
on o HO OH
Catecnol Syring aldehyt 3,5 -dihydroxy benzoic axit

Theo Buffle axit fulvic ¢ cdu tao nhu sau:

OH CO0OH ?Hzo"'

HOOC CH: CH CHs
LTy
o CHo—COOH
HOOC CHz _CHOH
CHo—C COOH

COoOoOH OH |

Model structure of fulvic acid by Buffle

Céc hdp chat humin cé thé tao phitc v6i ion kim loai tif cdc nhém cacboxyl va

phenolic hydroxyl:
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o
o)

I

C— C—o0 ||

'e) AN

o—M c—o” ;©/
Il

Phenolic hydroxyl 0

2 nhém cacboxyl 1 nhém cachboxyl

Bang 1. 2 : Thanh phan nguyén to cia axit humic, axit fulvic va humin

Thanh phan (%) Humin

Axit fulvic

Axit humic

C

50,9

56,5

35,81

3,3

5,5

3,23

44.8

32,9

55,04

0,7

4,1

0,84

w| z| o]

0,3

1,1

0,25

Bang 1. 3 : Pic tinh héa hoc cia cac hgp chat humic [29]

C4c hgp chat humic

l v VL

Axit fulvic Axit humic Humin

Vang nhat Vang niu Nau Néiu ddm ben

v

ting do0 dam v€ mau sic

v

tdng mic d§ polime hda

ting khoi lugng phan tu

v

300000

2000 ——

45 %
gidm ham lugng oxy > 62 %

tang ham lugng cacbon

v

30% ——
45 %

v

gidm do axit

v

gidm dd hoa tan
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1.3. HUMIN
1.3.1. Pic di€m ciia humin
Humin gdm cédc chdt cao phan tif xui't hién do qu4 trinh gid héa clia axit
humic va axit fulvic. N6 1a thanh phin bén nhi't clia than bun, dugc tdch ra bing
cdch hoa tan than bun trong dung dich NaOH ¢6 pH = 13.5. Khi d6 thi axit humic
va axit fulvic da tan hét [11].
V& mau sic thi humin c6 mau tir ndu dén den tiy vao miic do gia hda cic axit.
Humin ciing 13 thinh phan c6 khdi lugng phan tif cao nhit trong than bin

va ¢6 cdu tric phic tap.

A4 20KY H28.08K 1.58um
(a)

Hinh 1. 2: Anh SEM ctia bé miit (a) va bé miit phan bi bé gy (b) ctia humin
sau khi da ép thanh dia [43]

1.3.2. Thanh phan héa hoc ciia humin
1.3.2.1 Hgp chat hitu co [43]

- Hop chi't hitu c¢d c6 trong humin ciing dya trén co sé nhitng hdp chat hitu cd
c6 trong than bun. P6 1a nhitng hop chi't bén trong mdi trudng kiém.

- Céc hgp chiat béo c6 mach cacbon dai: thanh phan nay chi€m chd y&u trong
humin, khodng 50%. Chinh né6 dd quyét dinh dén dod tan ctia humin trong
nudc cling nhu trong moi trudng kiém.

- Cédc hgp chat xenlulozd va hemixenlulozd: chi€m khodng 30 — 35%.
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- C4c hop chat aromatic va polyaromatic: chi€m khodng 15%. Thanh phin
nay dic trung cho mitc d6 phan hdy ciia humin. Theo thgi gian, duégi sy tic
dong cia cdc vi sinh vat ky khi thi cdc hgp chdt béo bi oxy hda thanh cdc hop
cha't aromatic va sinh ra CO,.

- Cé4c hgp chat amid hay cacboxylic: thanh phan nay kh4 it chi chi€ém khodng
3%. Nhung khi tdch humin ra khéi than bin bing dung dich NaOH thi hau hét
cac nhém chifc axit (-(COOH) déu bi chuyén thanh cdc mudi natri (-COONa).
Chinh thanh phin nay di quyé&t dinh phin nio cd ch& hdp phu cdc kim loai
ning cia humin.

- Mot dic di€m nita 12 thanh phan ctia humin chi€m mot ti 1& nhé trong than
bun (6,84 %) con phﬁn 16n 1a cdc vat chat khodng (55,48 %), néu tinh riéng

ddi véi cdc hgp chat humic thi humin chi€m khodng 15,9 %.

1.3.2.2  Thanh phan nguyén t&
- Humin c6 bdn chAt 1a cht hitu co nén cdc nguyén t6 co ban clia né van la
C, H, O, N... Tuy vao mdi loai than bun g6c tao humin ma ham lugng cla céc
nguyén td trén thay d6i. Him lugng ctia C va O ludn cao hon H rat nhiéu.
- Tuy nhién, ngudi ta thudng st dung ti 1 giita cdc nguyén t6: H/C va O/C dé
ddnh gia vé tinh chat ciing nhu 12 mitc d6 phan hiiy ctia humin.
e Tilé H/C c6 thé nim trong khodng tir 2 (trong cdc hdp chi't béo) dén 1
(trong naphthalene hay trong polyaromatic).
e Tilé O/C c6 thé nim trong khodng tir 0 d€n 2 (trong CO,) va cao hon
trong nhitng miu 4m.
- Ngoai ra trong humin con chita mot s6 khodng vo cd clia cdc nguyén td Si,
Al Fe, Ca... C4dc khodng nay chi chi€m mot him lugng nhd, nén né ciing

khong 4nh hudng nhiéu dén cd ché hap phu ctia humin.
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1.3.3. Mt vai @ng dung ctia humin

Stt dung 1am ch4t don trong phin bén: ti than bun ngudi ta chi€t axit humic
d€ 1am phan bén (bing cdch trao d6i cac ion K hay NH,* véi H' Iam thanh phan
dam hay kali), con phan ba 13 humin thi c6 thé 1am ch4t don thém vao phan dé
tdng ham lugng mun trong phén.

Ciing nhu than bun va céc loai chat mun khdc thi humin ciing dugc dung lam
chat dot. Titc 1a phan ba thdi thu dugc sau khi chi€t axit humic, mdt phin ding
1am chat don, mot phan dem 1am than dot.

Mot tng dung quan trong khdac cia humin 1a né dugc st dung trong linh vuc
Xt Iy nudc, vi né c6 khd ning hap phu cdc ion kim loai ning ciing nhu cdc chat
ddc hitu co c6 trong nude. Pidu nay di dugc nhiéu nha khoa hoc nghién cifu va
dang dudc ti€p tuc nghién citu d€ ng dung mot cach tdt nhit loai vat liéu humin

N

nay.

* K&t qua ctia mot s6 cong trinh nghién cfu vé kha ning hap phu va

dong hoc hap phu cua humin

1. K&t qua ctia mét s6 nha nghién citu trén thé& gidi duge bdo cdo & Hoi
Nghi Hing Niim 14n thi& 10 vé Nghién Citu Cdc Chat Thai Poc Hai
[31].

Cu(II) dugc hap phu manh trén than bun va cdc hgp chdt chi€t tir than bun
¢ Canada dugc ghi trong bang 1.4. Cdc thi nghiém dugc khdo sit trong
khodng thdi gian 1a 45 phiit, pH = 4, néng d Cu(II) ban dau 1a 0.1mM (tdc
6.35mg/l).

Bang 1.4: Dung lugng hap phu Cu(Il) cia c4c hgp chat humic theo [31].

Vat liéu hap phu Dung lugng , Q(mg/g)
Than bun 16.1

SVTH: Nguyén Trung Quin Trang 13



LUAN VAN TOT NGHIEP GVHD: TS Hoang Pong Nam

Humin 17.9

Axit humic 28.2

2. K&t qua ctia tac gia Tran Thi Vui trong ludn vin thac si héa hoc vé dé
tai: “Khdo sdt khd ndang hdp phu Cu(Il), Cd(II) ciia than bun va cdc hop
chdt humic chiét tit than bin U Minh” ",

Kha ning hap phu Cu(Il) va Cd(II) ctia than bun va cdc hdp chit chiét ra tr
né dudc cho trong bdng 1.5 va bing 1.6. K&t qua nay 1a t6t nhat d6i véi ting

ion & diéu kién t6i wu cla chiing.
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Bang 1.5: Dung lugng hap phu Cu(Il) ctia cac hgp chat humic theo [11].

tia bing HCI)

Vat liéu hap phu | Thoi gian (phiit) pH Q(mg/g)
Than bun 120 5 35.30
Humin 60 5 52.17
Axit humic (k€t 100 5 68.00
tia bang HNO3)
Axit humic (k&t 100 5 93.33

Bang 1.6: Dung lugng hap phu Cd(II) ctia cac hgp chat humic theo [11].

tia bing HCI)

Vat liéu hap phu | Thdi gian (phit) pH Q(mg/g)
Than bun 120 7.5 45.26
Humin 60 7.5 57.83
Axit humic (k€t 100 7.5 112.67
tia bing HNO3)
Axit humic (k&t 100 7.5 124.67

3.Ké&t qua cia tac gia Trinh Khic Vil trong luan viin thac si héa hoc vé

dé tai: “Nghién citu phdn ldp chdt trao doi ion ty nhién tit bd thdi than bin

ctia nha mdy phdn bon Humic”

Bang 1.7: Dung lugng hap phu Ni(II) cia Humin theo [12]

Vat liéu hap phu | Thoi gian (phiit) pH Q(mg/g)
Humin 60 7 29.87
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Bang 1.8: Dung lugng hap phu Cr(III) cia Humin theo [12]

Vat liéu hap phu | Thoi gian (phiit) pH Q(mg/g)
Humin 60 5 18.02

4. K&t qua cua mot so tac gid duge ding trén tap chi Environmental
Quality, sé 31, trang 970 — 978, thang 05 — 06/2002 [44].
Céc tdc gid da nghién citu dong hoc hap phu toluen trén humin va ho da cé
nhitng k€t ludn sau:
- V& co ché: sy hap phu toluen trén humin 12 mdt qué trinh vat 1y tda nhiét.
Nhiét hap phu thay ddi rat it. Va khong c6 mot lién k&t héa hoc nao dugc
hinh thanh hay ph4 v& giita toluen va humin trong qua trinh hiap phu hay gidi hap.
- V& dong hoc: thi chinh sy khué&ch tdn qua mang 1a giai doan quyét dinh tdc
do hap phu va bing cich 4p dung dinh luat Fick II ma ho da tinh dugc hé s6

khué&ch tian D.

1.3.4. Mot s6 phuong phap xi 1i humin thé
1.3.4.1 Phuong phap bazo

Si0; la mot oxit axit va Al,O3 1a mdt oxit ludng tinh, chiing déu tic dung
tot v6i kiém dic biét & nhiét do cao.
SiO, + NaOH - Na,SiO; + H,O
Al,O; + NaOH - NaAlO, + H,O

* Phuong phap kiém chay

Cho bazo tdc dung v6i miu humin & nhiét do cao s& 1am phd v& ciu tric
ctia mau chuyén SiO,, Al,O; thinh cdc mudi tan tir &6 loai bé chiing qua qué

trinh loc rira.
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Bazd dugc st dung d€ kiém chay c6 thé 134 KOH, NaOH, Na,COs ..Nhiét
d6 kiém chiy tir 450-500°C d6i v6i kiém manh va 900-1000°C ddi véi kiém yéu.
Thdi gian gia nhiét tir 30-60 phuit.

* Phuong phap thdy nhiét

Phuong phdp nay doi héi phdi hoa tan humin tryc ti€p trong dung dich
kiém 18ng. Phan tng dién ra trong ndi hap d€ duy tri nhiét dd va dp suit cin
thiét.

Nhin xét:

Phuong phap bazo c6 vu di€m 12 khong doc hai, thdi gian phdn dng
nhanh. Nhung lai gdp khé khin trong qud trinh loc rita, qud trinh nung phiic tap
vi phdi ddm bdo sao cho humin khoéng bi chdy trong qua trinh nung va khi nung &
nhiét d6 cao humin c6 hét m4t di khd niing hap phu.

Phuong phap thiy nhiét c6 thé ha thap nhiét dd phan ng, ti€t kiém nhiét
lugng, bdo tdn kha ning hap phu clia humin. Nhung lai gip khé khiin trong viéc

duy tri 4p suit thap. Pdng thdi tinh 4n mon cda né lai rat 16n.

1.3.4.2  Phuong phap axit
* Phwong phap st dung hén h¢p HF va HCI

D6i v6i phuong phap nay ngudi ta loai bd SiO, , Al,O; va cdc hgp chit khic
bing hoén hgp HF, HCI .

SiO, tac dung dudc véi HF tao thanh SiF, d€ bay hoi khi nung néng hoic
tao thanh cdc phic tan trong nudc c6 thé loai bd trong qud trinh loc rita.
SiO, +HF - SiF, + H,0O
SiF; + HF> H,SiF¢ + H,O
ALO; c6 thé tic dung déng thdi véi HE, HCI
Al,05; +HCI = AICl; + H,0
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AI’* +F - AIF; hoic AlFg”
Nhén xét :Phuong phdp nay don gidn loai bd dugc mot lugng 16n cdc hgp chat
v0 cd. Tuy nhién cdc phan ng trén xdy ra chim va HF 1a hgp ch4t rat doc.

* Phuong phap rita bing axit HCI

Than bun trong qud trinh hinh thanh, tn tai va trong qud trinh khai thdc,
tdn chita & bai thdi dd hap phu mot lugng 16n kim loai ning. Pi€u nay lam gidm
d4ng k€ kha ning hap phu clia humin. Phuong phap rira thyc hién qud trinh loai
bd cdc kim loai niing trong humin bing viéc trao d6i H* cda axit manh nhu HCI,
viéc nay nhim phuc hdi chic COOH clia humin 13 tdc nhin chinh clia qud trinh
hap phu.
Nhan xét: Phuong phdp nay thuc hién don gidn, thdi gian ngdn, chi phi thap.

Nhung trong humin vin ton tai mot lugng 16n Si0,, Al,O3

1.3.5. Mt vai @ng dung ctia humin

Stt dung 1am ch4t don trong phin bén: ti than bun ngudi ta chi€t axit humic
dé 1am phan bén (bing cdch trao d6i cac ion K hay NH,* véi H" Iam thanh phan
dam hay kali), con phan bi 1a humin thi c6 thé 1am chit don thém vao phan dé
tdng ham lugng mun trong phén.

Ciing nhu than bun va céc loai chat mun khdc thi humin ciing dugc dung lam
chat dot. Titc 1a phan ba thdi thu dugc sau khi chi€t axit humic, mot phin ding
1am chat don, modt phan dem 1am than dot.

Mot @ng dung quan trong khdc cda humin 1a né dugc st dung trong linh vuc
Xt Iy nudc, vi né c6 khd ning hap phu cdc ion kim loai ning ciing nhu cdc chat
ddc hitu co c6 trong nude. Pidu nay di duge nhiéu nha khoa hoc nghién cifu va
dang dudc ti€p tuc nghién citu d€ ng dung mot cach tt nhit loai vat liéu humin

N

nay.
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1.4. QUA TRINH HAP PHU
1.4.1. Hién tugng hap phu[4]

HAp phu trong moéi trudng nudc duge hi€u 1a sy ting ndng do clia mot
chat tan (chat bi hap phu) 1én bé mit mot chit rin (chdt hdp phu). Chit di bi
hap phu chi ton tai trén bé mit cha't rin, khong phan bd déu khip trong toan bo
thé tich chit hdp phu nén né con dudgc goi 1a qud trinh phan bd hai chiéu, khic
vdi qud trinh hdp thu ma trong dé chit tan sau khi dugc 1am gidu phin b déu

khip thé tich cha't hap thu[4].

1.4.2. Céc loai hap phu
Ngudi ta phan ra 1am hai loai hAp phu: hdp phu vatly va hap phu héa hoc.

1.4.2.1  Hap phu vatly

Khi da dugc hap phu 1én bé mit chi't rin, néu tuong tic gitta chat hip phu
va chit bi hip phu khong 16n, ciu tric dién ti cda chat bi hdp phu it thay ddi,
nhiét hAp phu tda ra nhd thi ngudi ta goi né 1a hap phu vat Iy.

Trong su hap phu vat 1y, chit bi hdp phu tuong tidc véi bé mit chit hap
phu bdi nhitng lyc vat 1y nhu lyc tinh dién, lyc tdn xa, cdm @ng va lyc dinh
hudng..., khong c6 su trao ddi electron giita hai chit nay.

Su hap phu vat 1y it c6 tinh chat chon loc va 1a thudn nghich. Hip phu vat
ly 12 hap phu khong dinh vi, cdc phin tif chit bi hip phu c¢6 kha ning di chuyén
trén bé mit hdp phu.

Nhiét tda ra trong qud trinh hdp phu vat 1y nhd (tir 8 -10 kJ/mol).Trong
hap phu vat Iy, qué trinh hdp phu tu dién ra. Nhiét do cang cao, thi hAp phu vat
1y cang thap.

D6i v6i mdi nhiét dd c6 mdt trang thdi cin bing riéng. Gidi hap 1a qué

trinh ngudc lai v6i qua trinh hdp phu nén Ia qua trinh thu nhiét.
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1.4.2.2  HAap phu héa hoc[4]

Néu tuong tic giita chdt hap phu va chit bi hip phu I16n s& lam bién d6i
cau tric dién t¥ clia cdc nguyén tlt din dén sy hinh thanh lién k€t héa hoc, nhiét
tda ra 16n ngang véi nhiét phan @ng héa hoc, qué trinh d6 goi 1a hdp phu héa
hoc

Do nhitng dic thil riéng vé ban chit gitta cip chat hap phu — chit bi hdp
phu, chiing c6 thé tao ra cic loai phtic chat.

Hap phu héa hoc nhd luc héa hoc nén gidi hap dién ra khé khin va
thudng gidi hap cha't khac thay cho chat bi hdp phu.

* Phan biét gitra hAp phu vat 1y va hap phu héa hoc

T6c d cia hap phu vat 1y luén cao vi hau nhu khong c¢é ning lugng hoat

héa. Con hap phu héa hoc thi ngudce lai va dudc x4c dinh theo phuong trinh:
Kpp. ¢ = ko.Z.e™*" (1.4.1)
V6i Ky c — hiing s6 tdc do cta hip phu hda hoc

ko — hé s& dic trung cho x4c suat hinh hoc

E — ndng lugng hoat héa

Z — s6 va cham clia phan t¥ bi hap phu trén mdt don vi bé mit trong mot
don vi thoi gian. Z ty 1& véi 4p suat.

Bang 1. 9 : Tiéu chuin @€ phan biét hap phu vat I va hap phu héa hoc

Tiéu chuidn Hap phu héa hoc Hap phu vat Iy
Loai lién két Lién k€t héa hoc, c6 su trao | Tuong tac vat 1y, khong c6
ddi electron sy trao d6i electron
Entanpy hap phu 40 — 80 kJ/mol 8 — 20 kJ/mol
Ning lugng hoat héa | Thudng nhd Bing khong
Nhiét hdp phu Phy thuéc E nhung thudng | Phu thudc nhi€t dé soi
khong cao (vai chuc | nhung thudng rat thap (vai
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kcal/mol). kcal/mol).
Tinh dic thu Su hap phu chi dién ra khi | It phu thudc vio ban chit

chat bi hdp phu c6 kha niing | cia bé mit, phu thudc vao

tao lién k&t héa hoc véi | nhitng diéu kién nhiét do

chat hdp phu va 4p sult
Khodng nhiét d6 hap | Uu dii & nhiét do cao Uu dii & nhiét do thap
phu
S6 16p hap phu DPon 16p C6 thé c6 nhiéu 16p

1.5. BAN CHAT CUA CHAT HAP PHU TRONG MOI TRUONG NUGC

Céc cha't bi hdp phu trong nudc chiu sy tdc dong clia cdc yé&u t& nhu pH,
céc ion, hop chit la trong d6 nén ban chit héa hoc clia né ¢ thé bi€n dong rat
16n.

C4c chat thudc doi tugng bi hdp phu trong nudc va nudc thdi rat da dang:
chat hitu cd khong phin cuc, chit hitu c6 ¢6 nhém chiic it phian cuc hay mic d
phan cuc 16n, chat dién li hoan toan, cdc ion kim loai nim & dang hydroxyl, dang
phtic... Duéi ddy chiing ta xem xét mdt so trang thdi ton tai clia ching trong méi

truéng nude.

1.5.1. Tinh axit — bazo
Axit dudc dinh nghia 1a cdc hop chat héa hoc c6 khd ning nhudng proton

va bazd 1a chdt c6 khad ning nhan proton.

1.5.2. Ion kim loai trong nuéc [12]
P& ton tai dudc & trang thdi bén, trang thdi c6 mifc ning lugng thap, cic
ion trong nudc bi hydrat héa tao ra 16p vd 1a cac phan t nuGc, tao ra cac phiic

chat hydroxo — oxo, tao ra cdc cip ion hay phitc chit. Phu thudc vao ban chat
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héa hoc clia ion, pH clia moi trudng, cdc thanh phan khdc ciing c6 mit ma hinh
thanh cdc dang ton tai khic nhau.

Bang 1. 10: Hing so thiy phan clia mot sé ion kim loai

Ion pKy Ion pKy
Li* 13,86 Sn?* 1,70
Na* 14,60 Fe®* 2,17
Hg' 11,70 Al 5,02
Mg** 11,40 Se’ 4,61
Ca** 12,70 cr’t 3,82
Zn* 9,70 Co** 1,74
Ni%* 10,60 Ga* 2,92
Cu** 7,50 In** 3,70
Cd* 7,60 TI** 1,14
Hg™* 2,49 v 2,90
Pb>* 6,20 Th* 3,82

1.6. CANBANG HAP PHU[6]
1.6.1. Dung lugng hap phu

Su hap phu dugc ddnh gid bing dung lugng hdp phu a : 1a lugng chit bi
hap phu trong mot don vi khdi lugng chat hdp phu.

Dung lugng hap phu a 12 mo6t ham cda hai thong s6 nhiét do, 4p suit.
Gian dd hap phu dudc bi€u dién theo cic dudng ding nhiét (T = const) va ding
ap. Thong thudng dudng hap phu ding nhiét dudc st dung nhiéu hon.[6]
1.6.2. Téc dd hap phu

T6c do hap phu trén cdc chit hdp phu khong x6p thudng 16n va do dé

thudng xdc dinh rit khé. Trong nhiéu trudng hgp hip phu biao hoa dat dugc sau

SVTH: Nguyén Trung Quin Trang 22



LUAN VAN TOT NGHIEP GVHD: TS Hoang Pong Nam

10 — 20 gidy, trong d6 90 — 95 % chat bi hap phu lién k&t v6i chat hap phu chi
trong 1 — 2 gidy dau. Thuc t&€ cho ring, tdc dd hap phu 13 toc do ma chat bi hap
phu d&n dugc bé mit chat hdp phu, nghia 13 tdc d6 khuéch tdn.

Nguyén nhan ctia chi't hip phu bi€u ki€n cham c6 thé 13 ciu tao clia chat
hap phu. Cha't hap phu thudng x&p va d€ cdc phan ti chi't bi hap phu chui vao 16
X0p can c6 mot thdi gian. Po6i khi nguyén nhan hiap phu chim la hip phu vat 1y
c6 kém theo hiap phu héa hoc, doi hdi thdi gian dai hon. Cudi ciing nguyén nhin
hap phu con 12 trén bé mit chdt hdp phu c6 khong khi hoic hdi nudc hdp phu.

Qa
1)

(2)

»

Pcb (ch)

Hinh 1. 3: Dang thudng gip cia cdc dudng cong hap phu ding nhiét

(eY)
(2

v

Hinh 1. 4: Puong dong hoc tiéu bi€u theo nhiét do
Hinh trén cho thay sy phu thudc lugng chi't bi hip phu a vao thdi gian hap

phu t § cdc nhiét dd khdac nhau: dudng (1) & Ty, dudng (2) 6 nhiét d6 T, v6i T, <

T,.
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Liic dau dai lugng hap phu thuc t& ti 1& vdi thdi gian, vi bé mit chit hAp phu con
chua bi chdt bi hdp phu chi€m giit. Sau khi dat cAn bing hdp phu n6 khong phu
thudc vao thdi gian va phdn ng véi doan dudng cong gin nhu song song véi truc
thoi gian [6].

Phuong trinh t6¢c dd hap phu c6 dang:

d
7‘;=K.(ac,, —a,) (1.6.1)

Trong dé: au,: lugng chat bi hdp phu ¢ng véi can bing hap phu.
a.: luong chat bi hap phu tai thdi diém t.
K: hé s6 hap phu.

Y nghia vit 1y cta phudng trinh nay khd r6: hé cang gin véi cin bing hay
bé mit cang bio hoa, thé hién qua thira s6 (a, — a,) thi tdc dd hap phu cing
cham. Hé s6 K phu thudc vao kich thuéc bé mit chit hdp phu va hé s6 khuéch
tdn cla chat bi hdp phu.

T6c d6 hap phu duge x4c dinh bing cdch x4dc dinh khoi Iugng chi't con lai
trong dung dich chua dugc hap phu tai thdi diém nao d6 hoic theo chénh 1éch
khéi lugng cla chdt hdp phu.[6]

Hé s6 hap phu tdng thé c6 thé dugc x4c dinh theo cong thifc:

h{l—i] - _Ki (1.6.2)

ach
Trong d6: a. dung lugng hap phu tai thdi diém t, mg/g.
ae: dung lugng hap phu tai thdi di€m cin bing, mg/g.

K: hé s6 hdp phu tdng thé, (phit)™.
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1.6.3. Can biing hap phu hé mot cau ti

Tai nhiét d6 khong ddi, kha ning hdp phu cia mot chat rin (a) ting 1én
khi ndng d6 ctia chi't bi hdp phu (c) 16n 1én. Mdi quan hé giita a va ¢ & trang thdi
can biing dugc goi la cin bing hap phu.

a=1(c); T =const

dé€ c6 mdi quan hé a = f(c) thi hé hdp phu phai c6 di thdi gian 1ap dugc thé can
bing hap phu.
Mo&i quan hé a = f(c) dudc goi 1a phuong trinh ddng nhiét, né c6 thé xdy dung
trén co s§ Iy thuyét, kinh nghiém tlty thudc vao tien de, gia thist ban chat clia hé...
1.6.3.1  Phuong trinh ding nhiét Langmuir

Mot trong nhitng phuong trinh ddng nhiét ddu tién xay dung trén cd sd ly
thuyét 1a ctia Langmuir (1918). Tién dé dé€ xay dung ly thuyét gdm:

+ Bé& miit chdt hap phu dong nhit vé ning lugng

+ Trén bé mit chat rin chia ra tifng viing nhd, cdc tim hoat dong mdi viing chi
ti€p nhadn mdt phan ti chit bi hdp phu. Trong trang thdi bi hdp phu cdc phan ti
trén bé mit chit rin khong tuong tic v6i nhau.

+ Qua trinh hap phu 1a dong, tic 1a qué trinh hap phu va gidi hap phu c6 tdc
dd bing nhau khi trang thdi cAn biing di dat dudc. Tdc dd hap phu ti 1& vdi cdc
ving chua bi chi€m chd (tAm hap phu), toc do gidi hdp phu ti 1& thuin vdéi cdc
tAm da bi chat hip phu chi€m chd.

T&c @6 hap phu r, va gidi hdp phu ry c6 thé tinh:

r, = (n - n).k,.c (1.6.4)

rq = ni.ky (1.6.5)
trong d6: n 12 t6ng s tAm, n; 12 s6 tAm da bi chi€m chd, k,, kq 12 hiing sd tdc do
hap phu va gidi hdp phu.

Khi dat cAn bing r, = rg, dit k,/kq = K ta c6:
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n, = n—L€ (1.6.5)
1+K,.c

Vi mdi tAm chi chita mot phan ti¥ chi't bi hdp phu nén n, n; dudc coi 1a ndng do
chit bi hap phu toi da va n; 12 ndng dd chat bi hap phu trong trang th4i cin bing
véi ¢ clia chat hap phu.

a=q, L€ (1.6.6)
1+K,.c

Biéu thiic (1.6.6) goi 1a phuong trinh Langmuir dugc xay dung cho hé hap
phu khi — rin, m6 td mdi quan hé giita a va c, chita hai thong s6 a,, c6 mot gid tri
xdc dinh tudng dng vdi s6 tim hap phu, hing s6 K, thi phu thudc cip tuong tic
giita chdt hAp phu va bi hap phu va nhiét do. Tuy vay phuong trinh trén ciing c6
thé 4p dung dudc cho chit hdp phu trong mdi trudng nudc dé phan tich cdc sd
li€u thi nghiém.
1.6.3.2  Phuong trinh ding nhiét Freundlich

Khi quan sdt mdi tuong quan giifa a va c tif thyc nghiém, Freundlich nhin
thdy né c6 tinh hAm mii nén 6ng dua ra phuong trinh m6 td hodn toan c6 tinh
chat kinh nghiém:

a=Kgc" (1.6.7)
- K 12 hiing s6 hap phu Freundlich.
Néu ¢ = 1 don vi thi a = K tifc K chinh 1a dung lugng hap phu tai ¢ = 1, vy né
12 dai lugng c6 thé dung d€ dic trung cho kha ning hap phu cda hé.
- n ludn nhé hon 1 1a bac mii cda bién ¢, n6 dic trung dinh tinh cho ban chat lyc
tuong tdc cda hé, n€u n nhé thi hap phu thién vé dang héa hoc, con n 16n thi bin

chat lyc hap phu thién vé dang vat 1y, luc hip phu yéu.
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Tuy 1& m6t phuong trinh kinh nghi€ m nhung phudng trinh Freundlich dugc
stt dung c6 hiéu qua d€ md ti cdc so liéu can bing hdp phu trong moi trudng

nudc, dic biét 1a hé than hoat tinh va chat hitu co.

1.6.4. Can biing hap phu hé nhiéu ciu td
Néu trong dung dich tén tai déng thdi nhiéu chit bi hdp phu thi ching sé&
canh tranh nhau cdc vi tri hdp phu trén bé mit chat rin va két qud 1a lugng chit
hap phu trén bé mit chit rin cda mdt ciu ti ndo d6 s& gidm di so v6i néu né tdn
tai doc 1ap trong dung dich. M&i quan hé ding nhiét clia ciu t& i khi c6 mit
thém mot ciu tit j khi do:
a; = f(c;, ¢j) , T = const
Dua vao sd liéu thuc nghiém d€ danh gid hip phu canh tranh rat khé
khin, vi vy tim cdc md hinh todn hoc thich hgp d€ mé t3 12 diéu ra't can thiét.
V6i mot hé chita N c&u tif phuong trinh Langmuir ¢6 dang:
K, ¢

a,=a,,.—
1+2Ki.ci
i=1

1 m

(1.6.12)

17. CO CHE HAP PHU
Khi n6i vé co ch€ hap phu trong mdi trudng nudc thi bin chat héa hoc cia
chat bi hdp phu, chit hdp phu va yé&u td ngoai cdnh clia mdi trudng nhu pH,

nhiét do, cudng do ion, chit la..s€ quyét dinh cd ché.

1.7.1. Sy hap phu trén ranh giéi 16ng — rin[2][6]

Khic v6i bé mit 16ng, bé mit vat rin khong dong nhat. Trén bé mit vat
rin, bén canh nhitng phin c6 tinh hoat dong manh c6 nhitng phan hoat dong
y&u. Nhitng phan hoat ddng manh goi 12 nhitng trung tAm hoat dong. P6 1a cdc

2 2 X A . . g 2 - 2
canh, gbc, khe, cdc cho léch mang, sai hdng cua tinh thé. Sy c¢6 mit clda cdc
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nguyén t¥ “la” (tap chat) 1am bi€n dang mang tinh thé do d6 1am ting sO trung
tdm hoat dong.

R6 rang bé mit riéng cla vat rin cang 16n thi khd ning hap phu cda né
cang manh.

Sy hip phu trén ranh gii phan chia vat rin — dung dich khd phtc tap vi
khong nhitng chi cdc phan tir clia chat hoa tan bi hAp phu ma con cd cdc phan ti
clia dung moi. Py 12 sy hdp phu quan trong nhit d6i véi héa hoc va cé nhiéu
tng dung trong thuc t€.

Lugng chit bi hdp phu ngoai su phu thudc vao ban chat, trang thdi cla
chat hap phu, ndng dd (4p sud't) cda chit bi hap phu, nhiét dd con phu thudc vao
ban chit clia chit bi hap phu :

+ Khi cang dé héa 18ng hodc cé nhiét dd so6i § trang thdi 1dng cang cao thi
cang dé bi hap phu.

+ Ch4t nao hoa tan cang kém thi cang dé bi hdp phu tr dung dich.
Dua vao dic di€ém cda chi't bi hdp phu c6 thé phan thanh hai trudng hgp: sy hap

phu phan tif va sy hdp phu chit dién Ii.

1.7.1.1  Su hap phu phan tw
Lugng chat bi hAp phu x (mg/g) trén bé mit chit rin trong dung dich, dugc tinh

theo cong thitc:
x= =0 x

m

Vv

Trong d6: Cy — néng d6 ban dau (mg/l).
C — ndng dd can bing clia chat bi hap phu (mg/l).
V — thé tich trong d6 x4y ra sy hap phu (1).

m — lugng chat rin hap phu (g).
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Sy hip phu trén ranh gigi 16ng — rin c6é thé dugc bi€u dién bing cic dudng
hdp phu ding nhiét, vdi ndng dd khd loing c6 thé s& dung phuong trinh

Langmuir hay Freunlich .

1.7.1.2 Sy hap phu chat dién li

D6i v6i dung dich nuée, cdc chat dién li 12 cdc chdt khong hoat dong bé
mit. Su ¢ mit clia chiing trong dung dich 1am ting sifc cing bé mit cia dung
dich, trén miit thodng cia dung dich ching bi hdp phu 4m.
Khi c¢6 mit trong dung dich mot vat hap phu rin thi trén bé mit phin cdch vt
rin — dung dich thudng c6 sy hap phu duong nhitng chat dién li. Sy hap phu chat
dién 1i thuong cé tinh chon loc, phu thudc vao hoéa tri clia ion, ban kinh ion va
muc d solvat hda ion.

Dung dich cdc chit dién li trong nu6c 1a dung dich thudng gip nhit trong
thuc t&€. C4c ion chit dién li dudc hap phu uu tién theo nhitng tinh chat sau:

+ Phan bé mit chdt hdp phu c6 dién tich x4c dinh, nén chi hap phu cdc ion tich
dién trdi dau véi no.

+ Kha niing hap phu phu thudc vao bdn chat cdc ion. P&i véi ion ¢6 cling héa
tri, ion nao c6 bdn kinh 16n thi kh3 ning hdp phu cao. Nguyén nhin la do cdc ion
¢6 bdn kinh 16n s€ c¢6 do bi phan cuc 16n va ¢6 16p vo solvat héa mong hon nén
d& ti€n gin bé mit vat rin hon, dugc hdp phu manh hon .

+ Khé ning hap phu clia cdc ion ciing héa tri dude x€p nhu sau:

Li* <Na'<K'<Rb" < Cs"
Mg” < Ca* < Sr** < Ba™
ClI <Br <NOj3; <I <CNS
+ Trong sy hdp phu cdc ion ¢6 héa tri khdac nhau thi ion ¢6 héa tri cang cao

(dién tich cang 16n) cang d& bi hip phu: K < Ca® < AI** < Th*".
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Trong hap phu trao ddi, chat hdp phu hap thu mdt lugng xac dinh ion nio do,
ddng thdi day vao dung dich lugng dudng lugng ion khac cé ciing dau ra khdi bé
mit. Tham gia vao trao d6i khong nhitng chi c6 cdc ion bdm trén bé mit chit
hdp phu ma cdn c6 cd cdc ion nim siu trong chdt hdp phu, tdt nhién qué trinh
chi x4y ra & vi tri dung dich c6 thé ti€p xiic dugc. P& phin biét cdc trudng hop
hap phu x3y ra trén bé mit ngudi ta thudng goi sy trao ddi ion 1a “hap phu”. Sy
trao d6i ion c6 mot sd dic di€m sau:

+ C6 tinh chon loc cao, c6 nghia 13 sy trao ddi chi x4y ra vdi nhitng loai ion
xdc dinh thy thudc vao ban chat cia chdt hdp phu va ion bi hdp phu.

+ Sy trao d6i ion dién ra chim, thim chi chim hon c4 qu4 trinh hip phu phan
tr nha't 13 cdc qud trinh trao ddi véi cdc ion nim sdu trong chit hip phu.

+ C6 thé 1am thay d6i pH clia moi trudng khi ¢6 ion H" hay ion OH™ tham gia

N 2 N R
vao qud trinh trao doi.

1.7.2. Hap phu trao ddiion [6][10]
1.7.2.1  Dinh nghia va phin loai ionit

HAp phu trao d6i ion 1a trudng hop dic biét cia hap phu chit dién li. Sy
h&p phu ion c6 tinh trao d6i, d6 1a sy trao d8i giita ion clia 16p dién kép véi ion
cia moi trudng theo quy ludt duong lugng nghi€ém ngét va cé tinh thudn nghich.

Chat trao ddi ion thong thudng 1a vit liéu rin khong tan trong nudc, gan
trén né 1a cdc ion linh dong c6 kha ning trao d6i theo quy luat duong lugng va
thuan nghich véi cdc ion cing diu trong dung dich chat dién 1i khi ti€p xiic.
Cationit la loai c6 kha nang trao ddi cation, anionit 12 loai trao d8i anion. Mot s&
vat liéu c6 khd ning trao ddi ci cation va anion goi 1a chdt trao d6i ion ludng
tinh .

Qua trinh trao d8i ion c6 thé dudc bi€u dién:

RT"+MX & RM"+I'M

SVTH: Nguyén Trung Quin Trang 30



LUAN VAN TOT NGHIEP GVHD: TS Hoang Pong Nam

RY +MX «RX + MY

Véi RT" 1a cationit vi né c6 ion dudng I' c6 thé trao ddi dudc vdi ion M*
trong dung dich, R*Y™ 14 anionit vi né c6 kha niing trao d8i v6i cdc ion am X
trong dung dich. R*, R" 12 mang cha't rin khong tan clia chd' trao ddi ion, véi cdc
loai nhya trao d6i ion né gdbm mang polyme ba chiéu clia lién két hydrocacbon
va cac nhém chuc tich di€n 4m SO32', COO" (d8i vdi cationit) va nhém chic tich
dién duong — NR;" (d6i v6i anionit). V6i cdc cationit, I" thudng 12 H" hay Na*
nén dugc goi la cationit dang H" hay dang Na*. Anionit ciing thudng ton tai § hai
dang 1a CI' va OH". C4c nhém chifc chita trong mang chit trao ddi ion vé thuc
cht 1a cdc nhém axit (cationit) hodc bazd (anionit) vi chiing c6 kha ning nhudng
hay nhan proton. Ty theo bdn chit chiing c¢6 thé 1a cdc axit, bazd manh nhu
nhém SO;*,— NR;* hay céc axit, bazd y&€u nhw nhém COO™ hay nhém —NR,.
tuong dng ta c6 loai cationit, anionit y&u hoidc manh. V§i cédc loai chat trao déi
ion manh, chiing cé kh3 ning trao d6i ion & khodng pH rong ctia dung dich,
cationit y&u chi c6 thé hoat dong & ving pH cao, anionit yé€u hoat dong trong
viing pH thap. [10]

Trao ddi ion 12 mot qud trinh thuin nghich, tuong duong vé dién tich: dé
trao d6i dugc mot ion héa tri II cin phdi c¢6 haiion héa tril.

Vat liéu trao ddi ion quan trong nhit 1a nhya trao ddi ion, nd 1a dang gel,
khong tan trong nuc do ciu tric mang khong gian ba chiéu clia polyme mach
cacbon. Trong mang polyme c6 chia cic nhém chitc -SO5>, -COO’, -PO5” d6i véi
cationit va cdic nhém —NH;*, -RNH,", —-NR,H*, -NR;" d6i v4i anionit.

Céc nhém chifc trén bé mit than nhu —COOH, -OH 12 cdc axit y&u c6 kha
ning trao d6i H* trong diéu kién thich hop. Tuy vay cdc loai vit liéu nay dé bi
kiém phd hiily va c6 xu huéng peptit héa. Vi vay truSc khi sit dung chiing cin

dudc “6n dinh” thong qua cdc bién phap xit 1y.
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M&i tudng quan trong qué trinh trao d6i ion dugc Nikonski rit ra khi dya
trén c¢o sG nhiét dong hoc va da dugc thyc nghiém chitng minh va dugc ing dung

rong rii trong thuc t&€ d6i v6i su trao d6i ion. Phuong trinh c¢6 dang:

l/Zl a l/Zl

1 _ 1
— = K — (1.7.1)
X a

2 2
Trong do:
x; — lugng hap phu
Z; — dién tich clia cdc ion cing ddu
aj, a, — hoat do clia hai ion trong dung dich c4n bing
K, — hiing s6 cin biing clia qué trinh trao d6i ion
Theo y nghia vat Iy K, bi€u thi mdt cich dinh lugng ty s6 kha ning hap phu
cua hai loai ion.

Né&u trong dung dich a; = a, =1, thi :
1/z

— 1
K, = —le/ZZ (1.7.2)

Vit liéu trao ddi ion hap thu cdc chit tan trong dung dich. V& nguyén tic
né 1a qud trinh thuan nghich, tifc 1a c¢6 thé gidi hdp thu cdc chit v6i dung mdi
thich hgp. Tuy nhién c¢6 mot s& trudng hgp khong hoidc khong hoan toan thuin
nghich.

Tinh niing hap thu cda vat liéu trao d6i ion hoan toan khic biét khi chat
tan 12 ch4t dién li manh va y&u hay chat trung hoa. Hip thu cdc chdt dién li y€u
va trung hoa tuong ty nhu qud trinh hdp phu thong thudng. Khd ning phan li clia
cic chit dién li y&€u va kh3 ning hap thu ching clia vat liéu trao ddi ion phu

thudc vao pH clia moi trudng vi th€ c6 thé st dung yé&u t6 pH dé€ gidi hap thu.
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HAap thu cdc chit dién li manh la qud trinh trao d8i ion theo co ché hoan toan

khdc do c6 tuong tic ting dién giita cic nhém chic va ion trao ddi.

1.7.2.2  Daic tinh cuda ionit

e Trao ddi ning cda ionit

Trao d8i ning clia ionit thé hién kha ning trao ddi cla ionit, dugc xdc dinh
bdi ndng @6 nhém chic c6 trong ionit. N6 dugc bi€u dién bing s6 mili duong
Iwgng gam ion kim loai bi hip thu bdi mot gam ionit khé hodc mot cm’ ionit
truong [4].
C6 ba loai trao ddi ning:

+ Trao ddi ning toan phin: dugc xdc dinh bdi s6 nhém ion hoat dong c6 trong
ionit va 12 mot dai lugng khong d6i ng vdi trang thai hdp thu bio hoa cia ti't ca
cidc nhém c6 kha ning trao ddi ion, nghia 13 bing tdng luong ion trai ddu dudc
hap thu trén ionit.

+ Trao d6i ning diéu kién: 1a lugng ion trdi ddu dudc hap thu trén ionit trong
nhitng diéu kién nhat dinh clia qud trinh trao ddi ion nhu pH, dung mdi, c6 mit
chat tao phic...

+ Trao ddi ning riéng phan: 1a lugng ion trai didu dugc hap thu bio hoa bdi
mot loai nhém chitc nha't dinh cé trong ionit.

Trao ddi ning cda cationit va anionit yéu phu thudc vao pH clia mdi trudng
trao ddi.

e Can bing trao ddi ion

Can biing trao d6i ion x4y ra khi mot chit trao ddi ion ti€p xidc véi mot dung
dich chat dién li, ion trao ddi ctia dung dich va trong nhya trao d6i c6 ban chat
khdc nhau. Gid st nhya trao ddi chira ion trao d6i 1a A, ion trao ddi trong dung

dich 12 B. Qu4 trinh trao d6i dién ra:
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-R-A + B—> -R-B + A
V6i —R 12 mang polyme chita nhém chitc. Trong trang thdi cAn bing cdc ion trao
ddi A, B c¢6 mit cd trong dung dich 1dn trong chat trao ddi ion. Trao ddi ion 1a
qué trinh thuin nghich va vi vy rdt khé phan biét A trao ddi véi B hay ngudc
lai. Tuy nhién sy phin bo nong d6 cia A va B trong hai pha & trang thdi cin
biing 1a nhu nhau mién 13 tdng ndng do clia chiing trong hé khong thay ddi.
e Do chon loc trao ddi ion va cic yéu té anh huéng
P& dinh lugng tinh chon loc trao ddi ion clia mot hé ngudi ta c6 thé sit dung hé
s6 chon loc. Hé s6 nay dugc dinh nghia trén co s nguyén ly tic dung khoi
lugng. P&i véi phdn ting trao ddi cation:
R-A"+B" ->-R-B" + A"
Hé s6 chon loc dugc dinh nghia:

_[-R -B] [A"]
[-R - A"]'[B"]

B/A

D& dang nhan thdy ring n€u cic ion trao ddi cé ciing héa tri thi hé s&
chon loc 12 twong duong. Hé s chon loc phu thudc vao mot loat cdc y€u td: hda
tri clia ion trao d8i, ndng do ion trong dung dich, 4nh hudng cda 16p v4 hydrat...
Bén chit nhém chifc trong mang ciing 4nh hudng d&n tinh chon loc trao d6i: cic
ion trao ddi va cic nhém chifc ma chiing c¢6 kha ning tao phic.

Trong thyc tién d6i khi ngudi ta sip x&p thit tw dd chon loc mdt cich dinh tinh
ddi véi tirng loai chat trao d6i ion:
+ D61 v6i nhya cationit gdc axit sulfonic:

Fe’™ > A’ > Ca*; La’" > Y>" > Ba?*

Th* > La’* > Ce’* > Na* ; Th*" > Hf*" > Zn**

Ac’t>La’t; Mg* > Be™

+ D01 véi cationit y&u axit cacboxylic:
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H*>Ca®* >Mg* > K" >Na*

+ D01 véi nhya anionit manh géc amin bac 4:

NO; > CrO,~ > Br > SCN™ > CI

+ D6i v6i nhya anionit y&u géc polyamin:

OH >S0,” > CrO,> >NO; >P0O,* >Mo0,> >HCO; >Br >ClI'>F

Bang 1. 4: Po chon loc trao ddi ion

Cationit manh

Anionit manh

Cation i Chon loc i/Na* Anion 1 Chon loc i/CI'
Ra** 13.0 CrO,> 100.0
Ba®* 5,8 Se0,” 17.0
Pb>* 5.0 SO~ 9.1
Sr** 4.8 HSO, 4.1
Cu** 2.6 NO; 3.2
Ca?t 1.9 Br 2.3
Zn>* 1.8 HAsO,> 1.5
Fe** 1.7 Se0;” 1.3
Mg** 1.67 HSO; 1.2

K* 1.67 NO, 1.1
Mn** 1.6 Cr 1.0
NH,** 1.3 HCO; 0.27
Na® 1.0 CH;COO 0.14
H* 0.67 F 0.07

Bing 1.9 cho bié€t d@d chon loc tuong ddi clia nhya trao d6i ion ddi vdi ion Na*

(nhya cationit manh) va véi Cl (d6i v6i anionit manh).
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1.8. PONG HQC HAP PHU
1.8.1. Quaé trinh chuyé&n khéi

Chuyén khdi 12 sy dich chuyén clia mot thanh phan vat chat trong hdn
hdp tir mot vi tri nay d&€n mot vi tri khdc. C6 hai loai co ch& chuyén khdi chinh 1a
khué&ch tdn phan tf va khuéch tdn dong xody.

Chuyén kh&i thudng 12 sy dich chuyén nghich chiéu clia cdc cdu ti khdc
nhau. N€u ton tai mot dong chuyén dong theo cd ché cudng bic (dong chdy do
chénh léch 4p suat, ching han dong ddi luu) thi dong chuyén khdi chung (t6ng)
clia mot ciu tf ndo d6 hoidc ting (cung hudng v6i dong cudng bitc) hay gidm

(ngugc hudng v6i dong cudng biic).

1.8.2. Khué&ch t4n phan t

Khuéch tdn phan t 1a co ché& chuyén khdi c6 vai trd quan trong trong
dong hoc hap phu va trao ddi ion vi vay né 1a thong s6 khong thé thi€u khi thiét
k& cdc hé xit 1y nuSc bing k¥ thuat hap phu va trao ddi ion. Dudi day chiing ta
xem xét mot s& quy luat vé khuyé&ch tdn trong moi trudng nudc.
1.8.2.1 Pinh luiat khuéch tin

Khuéch tdn 12 hién tugng sang biing ndng dd clia mot chat trong mot pha,
cic phan tif chuyén dong tir ndi c6 ndng d6 cao dén ndi c6 ndng d6 thap, cho nén
c6 thé néi dong luc clia qua trinh khuéch tan phan t& 13 sy chénh 1éch ndng 6
theo vi tri khong gian. Cd ché& ciia khuéch tin phan ti 1a do chuyén dong nhiét,
cdc phan tif chat khuéch tdn chuyén dong vé moi huéng véi xdc suit bing nhau
ddi v6i tirng phan tir. PE mo ta ngudi ta ¢ thé diing phuong phdp todn xdc sudt

hay x4y dung md hinh todn tf logic hay thyc nghiém.
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Dinh luit Fick 12 dinh luit dudc st dung rong rdi nhat dudc thi€t [Ap nim
1885. Fick dua ra hai dinh luat khué&ch tdn: dinh luit thit nhat mo td khuéch tdn &
trang thdi 6n dinh, dinh luat thit hai mo t trudng hdp khuéch tin khong 6n dinh.

Quan sit mot qud trinh khuéch tdn qua mot ti€t dién 1a A, sy chénh léch
ndng do cda chat khuéch tin 12 dc trén mot khodng cdch 1a dx. Trong mdt thdi
gian dt, lugng chat khu€ch tdn qua A 1a dn, nhan thay: lugng chat khu€ch tin
trong mdt thdi gian dn/dt tf 1& thudn véi dién tich va sy chénh l&éch néng do cé
thé viét:

dn_ _pad

di dx (1.8.1)

Trong dé:
- D goi 1 hé s6 khu&ch tan [cm?/s].
Phuong trinh (1.8.1) chi phit hgp véi cdc gia thiét sau:

+ Qud trinh khué&ch tdn 1a § dinh, tic 13 trén doan dudng khuéch tén, gid tri
ndng d6 c tai mdi di€m x; nao d6 ludn 1a hiing sd trong sudt thdi gian khuéch
tan.

+ C6 gid tri trong mot pha, v6i mdt hé c6 nhiéu pha khadc nhau thi tng véi mdi
pha c¢6 mot biéu thiic riéng, khong 4p dung cho viing gidp ranh giita cdc pha.

+ Moi trudng c6 tinh ddng hudng.

+ Hé s6 khué&ch tdn D khong phu thudc vao nong do.

Gi4 tri dn/dt con goi 1a dong khuéch tdn, v€ phdi mang diu (-) vi qud trinh x4y
ra theo chiéu gidm ndng do.

Hé s6 khué&ch tdn c¢é don vi 1a chiéu dai binh phuong trén thdi gian, vi du
cm’/s, mang y nghia 12 s6 mol chit khuéch tin di qua ti€t dién 12 mot 1 cm?

trong thdi gian mot gidy v6i s chénh 1éch ndéng d6 12 1 mol/cm’.
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Trudng hop qud trinh khuéch tdn khong &n dinh, ndng dd chit khuéch tin

ching nhitng thay ddi theo vi tri ma con theo ca theo thdi gian thi phuong trinh

dc d%¢
(5] = D-( 8x2j (1.8.2)

Phuong trinh (1.8.2) 1a dinh luét Fick 2. Phuong trinh vi phin ri€ng bac hai

khuéch tdn c6 dang:

md ta sy thay d6i ndng d6 theo thdi gian va vi tri mot cich déng thdi 4nh hudng
1én qué trinh khuéch tin, tifc 1a ¢ = f(t, x), c6 thé tinh ndng dd clia mot chat &
cdc vi tri khdc nhau tai mot thdi diém hodc & mot vi tri tai cdc thdi diém khdc

nhau do qu4 trinh khuéch tdn.

1.8.2.2  Khué&ch tan trong nudc

Khuéch tdn trong chat 16ng chiu tuong tdc rat 16n clia chat khuéch tdn véi
dung moi va sy khdc biét vé kich thudc phan ti gitta dung moi va chat khuéch
tdn: kich thuSc ctia ching rit gin nhau (nudc, cdc ion kim loai, khi tan, chit hitu
co phan tit lugng thap); kich thude khdc biét 16n nhu polyme, protein. Vi Iy do d6
phuong phdp tinh hé s& khué&ch tin chi c6 thé 4p dung cho mdt viing nao d6
khong mang tinh phd quét, néi cach khdc 1a tinh phd quat rat han ché.

V6i cdc polyme c6 dang hinh ciu, trung hoa dién tich, hé s& khuéch tin
c6 thé tinh theo cong thitc Stokes -Einstein:

RT

D=—""_
6rx.rn.N

(1.8.3)

+ R: hiing s6 khi
+r: bdn kinh clia chat khué&ch tdn
+ 77: d6 nhdt cua dung dich

+ N: s6 Avogadro
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V6i hat hinh cdu va V 1a thé tich mol cda chat khué&ch tan thi biéu thic trén tr
thanh:

10°'.T
D = —77 SRR (1.8.4)

D khi d6 ti 1& nghich v6i V*** gdn nhu tuong @ng v6i phin ti lugng.
Hai biéu thifc trén khong 4p dung dugc cho chat khuéch tdn cé phan ti lugng
nhd hon 1000.
D3&i vdi chit tan phin ti lugng thap phuong trinh Eyring c6 thé st dung va né
c6 dang:
_RT
(A, A )N

Trong d6: A,,4,,4.1a cac kich thugc dic trung ciia phan ti.

(1.8.5)

So sdnh phuong trinh Eyring v6i phuong trinh Stokes — Einstein c6 thé

thdy A,.4_ /A, thay thé cho 6.7.r va c6 gid tri nhd hon khodng hon khodng 10 Ian.

b e
Phuong trinh Eyring khong cdi thién dugc do chinh xdc vé gid tri clia hé s6
khué&ch tdn so vdi thuc nghiém, tuy vdy né lam sdng té hon dudc vé bdn chat
qud trinh khuéch tén trong pha 16ng.

Phuong trinh kinh nghiém Wilke — Chang dugc ddnh gid 1a phudng trinh
c6 @6 chinh xdc cao, 1éch khodng 10% so v&i gid tri thuc nghiém:

_ 7,410 (w, M )>.T

D
77.V1°’6

(1.8.6)

V,: thé tich mol clia chit khuyé&ch t4n.

M,: Phin t& lugng cliia dung moi
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w,: thong s6 lién hgp dic trung cho dung moi: véi cac dung moi khong
phin cuc nhu benzen, heptan, ete c6 gid tri la 1, cho nuéc 1a 2,6, cho metanol va
etanol la 1,9 va 1,5.

Phuong trinh trén c6 thé sit dung d€ tinh hé s6 khuéch tdn cho cdc phan ti
nhd va trung binh. So véi cdch tinh trude d6, hé s6 khuéch tdn rat nhay cim véi
d6 16n ctia phan ti cha't khuéch tan, thay d8i theo V> thay vi V** trong phuong
trinh Stokes — Einstein.

Phuong trinh Wilke — Chang ciing chi khda rd dnh hudng cia dung moi,
y&u t6 quan trong nhat 1a do nhét. D ti 1& nghich véi dd nh6t nhung dugce bu lai
bdi dai lugng cdn bic hai cia phin t& lugng vi dd nhét ting cung véi dd phan

cuc, véi kha niang lién hgp va phan ti lugng cua dung moi.

1.8.3. Chuyén khéi trong hé hap phu

1.8.3.1. Chuyé&n khdi qua mang

Trong nudc hay bat ky mot chit 16ng nao, xung quanh mot hat chat rin
tdn tai mot 16p vé mdéng (46 day khodng 10~ — 107 cm) nudc, mang nay gin khd
bén it bi bi€n dong dusi tic dong co hoc nhu khudy. Khi khudy, do luc cudng
bitc ndng d6 cha't tan phan bd & trong dung dich kha déu nhung chi t6i phia ngoai
ctia 16p mang. Lép mang nay dugc xem 13 mot pha riéng biét, khac hin pha
dung dich va pha rin.

Trong mdt hé tinh, thé tich mot dung dich V ¢6 ndng dd chi't bi hap phu 1a
co, chita mot lugng chit hap phu m, hinh ciu c¢6 dudng kinh d (bdn kinh r) dudc
khudy déu d€ khong ton tai chénh l&éch ndng @d. Qud trinh hap phu xdy ra véi
gia thi€t qud trinh chuyén khdi mang 1a chim nhat. Sy suy gidm ndng d6 cla
chat bi hap phu & dung dich biing sy ting ndng dd trong chi't hap phu (a):

V.ﬁz m.d—a
dt dt

(1.8.7)
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a: ndng dd trung binh ctia chdt bi hiap phu trong pha rin vi khi chua dat trang
thdi cAn bing ndng dd cda chiing khong déu. Pon vi tinh ndng dd trong dung
dich va trong chdt rin khdc nhau: [c] = mol/l. [a] = mol/g.

Véi diéu kién 12 ndng dd ban diu trong dung dich 12 ¢y, (t =0, ¢ = ¢g) va
khi chua x3y ra hap phu, chit rin con sach t = 0, a = 0, 18y tich phan phuong
trinh (3.6.10) ta dugc:

V.co=V.ci+m. a; (1.8.8)
ci, ai: ndng do tuong ng tai thdi di€m t = t;.
Ngudi ta dinh nghia thong s& phan bd chit tan:

m.a,
V.,

C, = (1.8.9)

ap: la n6ng do & trang thai cAn bang véi cy.
Gia thi€t qud trinh khu€ch tdn mang 1a chAm nhat, 4p dung dinh luat Fick
1, trong d6 dx dudc thay bing d6 day 16p mang, ti€t dién chuyén khdi chinh 1a
dién tich mit cau clia tit ci cdc hat chat hip phu trén mot don vi khdi lugng goi
la dién tich mit ngoai. Dién tich mit ngoai A, clia chat hdp phu x4c dinh dugc tr

kich thudc hat va khdi lugng riéng biéu kién:

=2 -6 (1.8.10)
rp, d.p,
Dinh ludt Fick 1 c6 dang:
Ay _pd (1.8.11)
dt do

Véi —AS.% =J goi la dong khuéch tdn, 1a lugng mol van chuyén dugc trong
t

thdi gian dt qua ti€t dién A, D 12 hé s6 khuéch tdn ctia chit bi hdp phu trong

nudc.
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Gid thi€t mic do gidm ndng dd chat tan doc theo chiéu day 16p mang la

(c—c")
o

2 ° RN A A .
vdi ¢, ¢ 1a ndong d6 & hai

tuyén tinh thi dai lugng % c6 thé viét thanh
dau mit clia &, tic 12 trong dung dich va trén bé mit chat rin. Bifu thic
(3.6.11) dugc viét thanh
JZE.(C—C )y=pfc—c) (1.8.12)

Trong d6 B goi 12 hé s& chuyén khdi ngoai, ti 1& thudn véi hé s6 khuéch tin

va ti 1& nghich véi chiéu day ctia 16p mang.
.1 - 2 an 1A dc . da PN
Trong hé hip phu tinh, t6c dd hap phu o hay la m tinh theo qud trinh
t t

chuyén khdi ngoai dudc xdc dinh nhu sau:

Tit cdc bi€u thitc: (1.8.10), (1.8.11), (1.8.12) ta ¢

dc dn .
VA4 Bie-c) (1.8.13)
_de _Afle—c) (1.8.14)
dr v
da _A.ple=c) (1.8.15)

dt m

T6c d6 hap phu phu thudc vao cdc thong s6 B (D, &), dién tich mit ngoai
clia chat hap phu A,, thé tich dung dich V, khdi lugng chit hAp phu m, sy chénh
1éch ndng do ¢ — ¢'. Ciing hé hap phu néu si dung cha't hip phu dang hat nhé sé&
dat toc do hdp phu nhanh hon vi A nghich bién véir.

1.8.3.2. Chuyén khdi trong hat chat hap phu

Giai doan ti€p theo chuyén khdi mang 13 qué trinh khuéch tin vio siu
trong hat d€n cdc ving hap phu 1a bé mit trong ctia chit hdp phu. Khuéch tin
trong hat c6 thé x3y ra trong moi trudng nudc dang 14p ddy cdc mao quin hoic

doc theo thanh mao qudn clia nhitng phan t da & trang thdi hAp phu. Khuéch tin
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theo hai co ché trén goi 1a khuéch tan thé tich (hoic khuéch tdn mao quin) va
khué&ch tdn bé mit.
* M6 hinh khué&ch tan bé mit

Mic du chit hap phu néi chung 1a x8p va khong dong nhat vé cau triic,
md hinh khuéch tdn bé mit cho riing né 1a hinh ciu va cau triic ddong nhat. Diéu
d6 ding trong trudng hdp ma tinh khong ddng nhat chi thé hién & mic vi mo,
nhé so vdi dd 16n hinh hoc clia hat chdt hap phu. Né6i cdch khic, 6 dong nhi't &
day dugc hi€u 1a: ndng d6 trong chat rin, khdi lugng riéng va dién tich bé mit
chi phu thudc va vi tri huéng tim trong hat.

Ap dung dinh luat khu&ch tdn Fick 1 ta c6:

J, :pb.DS.a—a (1.8.16)
dr

V6i J; 12 dong khuéch tdn trong trang thdi hdp phu khué&ch tdn bé mit, D,
12 hé s6 khué&ch tdn bé mit, a 12 ndng do chat bi hdp phu trong pha rin goém hai
phan: trong mao qudn va trén bé mit, 1a dong lyc clia qud trinh khuéch tdn, p,
12 khdi lugng riéng bi€u ki€n cia chat hap phu.

r1a toa dd cdu, r = 0 1a diém trung tAim clia hat cAu, r = R 1 tai mitcAdu (0 <r

a 2 (e s A A . , P APRN A A N
<R), a—a chi sy bi€n ddi nong do theo vi tri k€ tr tAm hat cau ra ngoai.
r

D€ thi€t 14p phuong trinh md td khuéch tin bé mit, can xiy dung qud
trinh thing bing chat trong hat. Qud trinh khué€ch tdn huéng tir ngoai vao trung
tAm hat. Chon mot 16p thé tich cda hat bi chin bdi vi tri r va r + dr ndo d6 ta thay
lugng chat van chuyén trong mdt don vi thoi gian n tair + dr 16n hon tai r do mot
phin dudc giit lai (hAp phu) trong 16p thé tich c6 @6 day la dr, n,. lugng chat van

chuyén qua r hay r + dr dugc qui cho 13 do khué&ch tdn bé mit va dugc tinh:

nr+dr

:—47Z(r+dr)2.ph.Ds.(g—aj (1.817)
r r+dr
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n, =—4zrp, .Ds{a—“j (1.8.18)
ar),
) da
n, =—4xr-dr.p,.— (1.8.19)
ot
aa N ~ A ~ 2 A
5 la toc d6 hap phu cua hé.
t
Theo dinh luit bdo toan vat chit ta c6:
Ih =N 4gr - Ny (1.8.20)

thay cdc bi€u thic (3.6.17), (3.6.18), (3.6.19) vao bi€u thic (3.6.20) va 14y tich

phin giéi han t dr — 0 ta dudc:

2
da_p[2a,20 (1.8.21)
ot or r or

Pay 1a phuong trinh c6 bin mo ta toc do hap phu clia mdt hé, 3—61 phu
t

thudc vao qud trinh khu€ch tdn bé mit trong toa do cau.
* M6 hinh khué&ch tdn thé tich
Khuéch tdn clia cdc chat bi hap phu trong cdc mao quin chifa day nu6c
(dung moi) goi 1a khué&ch tin thé tich hay khuéch tdn mao quin. T dinh luat

Fick 1 c6 thé vi€t phuong trinh khuéch tdn cho trudng hgp nay:

dc,

Trong d6, D, 12 hé s6 khu€ch tdn mao qudn, ¢, 1a nOng d§ chdt bi hip phu
trong mao quin. Khu€ch tdn trong mao quan do sy chénh léch ndng d6 c, trong
long hat. Hé s6 khuéch tdn ctia chit bi hAp phu vé co ban 1a hé s& khuéch tin
clia né & trong nudc bi tdic dong thém bdi cdc y&u t6 do xOp va hé s6 1éch clia
chat hdp phu.

Phuong trinh mo td qud trinh khué&ch tdn mao quin va hap phu dugc dién

td ciing giong nhu trong trudng hop khuéch tdn bé mit. Trong trudng hdp khuéch
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2 N - (g R A A N, . N A A ~ a N
tdn bé mait, sy bién doi nong dd theo thdi gian la do tdc do hip phu a—a con
t
trong khuéch tin mao qudn thi sy thay ddi ndng dd theo thdi gian 13 do hai yéu
t8: toc do hap phu ?)—a va thay ddi ndng d6 chit bi hip phu trong mao quéin (&
t

trang thai chua bi hap phu). Vi vay ta c6:

0 dc d’c. 2 dc
p,,.a—‘t‘+/)’. ’ :DP( L —"J (1.8.23)

ot o> r or

Trong d6: p,: khdi lugng riéng biéu ki€n clia chat hdp phy; B: dd x6p cia

chat hap phy; D, va ¢, 12 hé s khué€ch tdn va ndng do trong mao quin.
1.9. GIAI HAP PHU[11]

Gidi hap phu 1a qué trinh ngugc véi qud trinh hap phu, tich chit bi hdp
phu trén bé mit chit rin ra ngoai dung dich. Gidi hap phu dva trén nguyén tic
stt dung cdc y&u td bat 1¢i v6i hap phu.

D3&i v6i hap phu vat 1y, d€ 1am gidm kh3 ning hap phu c6 thé tic dong
thong qua cdc y€u td sau:

+ Gidm ndng @6 chat bi hap & dung dich d€ thay ddi th€ cAn bing hap phu.

+ Ting nhiét dd cling c6 tdc dung lam 1éch hé s6 can bing vi hdp phu la qué
trinh téa nhiét, vé thyc chat 1a 1am y&u tuong tdc giita chat hdp phu va chit bi
hap phu.

+ Thay d6i ban chit tuong tdc ctia hé thong qua thay d6i pH clia moi trudng.

+ St dung tdc nhadn hip phu manh hon dé d4y cdc chit di bi hap phu trén bé
mit chat rin.

+ St dung tdc nhan la vi sinh vat.

Gidi hap phu la phuong phap tdi sinh chdt hdp d€ c6 thé ti€p tuc s dung

lai nén né mang tinh dic trung vé hiéu qud kinh t&€. N&u chat hap phu ré ma t4i
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sinh t6n kém thi chi nén st dung chiAt hdp phu mdt 1an rdi bd, vi vay khi tié€n
hanh tdi sinh cin tinh todn k§ vé phuong dién kinh té&.

Duya trén nguyén tic gidi hAp phu néu trén, ngudi ta st dung mot sd céc
phuong phdp gidi hdp sau: gidi hdp biing nhiét, gidi hap bing phudng phip hda
ly va phuong phap dung vi sinh vit.

1.10. SU TON TAI CUA THUY NGAN, CHI VA ANH HUONG CUA
CHUNG PEN SUC KHOE CON NGUOI [13]
Chi va thay ngéan 12 2 kim loai ning nam trong danh sich cic chat doc cuc manh va
rat nguy hiém d6i voi méi truong va sirc khoe con ngudi. Chi duoc ding trong san
Xuat son, pin, dan, vo ddy cdp...; thily ngan dugc ding trong san xuat son, nhiét ké,
den thuy ngan, trong cdc linh ki¢n dién tu...

1.10.1. Thuy ngan va suc khoe con ngwoi

1.10.1.1. Chat thiiy ngan xuat phat tir dau?

Thuy ngén (dang v co, dang oxyt, dang ion) dugc su dung kha nhiéu trong
cong nghiép va doi song, chang han cic loai pin thuy ngén, nhiét ké, binh thuy, den
neon (dang hot), thudc trir siu, thude diét nam, dang khi thai tir 10 dot rdc. Trong
linh vyc y té, thity ngan dugc pha ché 1am thudc dé khir tring (Mercure au chrome),
hop chat trdm ring Amalgame... Cac san pham c6 thuy ngén thai ra méi truong lam
6 nhiém khong khi, mat dat; nhung quan trong nhét 1a 6 nhiém nguon nude — dac
biét la ngudn nuoc bién. Trong moi trudng nude bién, cdc loai vi khuan wa min s&
bién dbi ngudn thily ngan vo co (it doc) thanh thily ngan hitu co (methyl mercury)
c¢6 doc tinh cao. Cic phiéu sinh vat 12 ngudn cam nhiém dau tién, ké d6 1a cic loai
cd nho, rdi cd 16n (cd sin moi). Con ngudi 1a chudi mat xich cudi cing nhiém thiy
ngan, sau khi an céc loai c4 c6 nhiém chat nay.

Hau hét thuy ngén lam 6 nhiém khéng khi va nude déu xut phat tur viée khai
thic quing, san xuat cong nghiép nang va tir cdc nha may dién chay bang than. .

1.10.1.2. BAQc tinh cua thiy ngan:

Khi xdm nhap vio co thé, thuy ngan co thé lién két véi nhitng phén tir nhu
nucleic acid, protein.... 1am bién d6i cu tric va tc che hoat tinh sinh hoc cua té
bdo. Su nhiém doc thuy ngan gy nén nhing thuong ton trung tim than kinh voi
triéu chirng run ray, khé khin trong dién dat, giam st tri nho ... va ndng hon ntra ¢6
thé giy té liét, nghenh nging, ndi lap, thao cudng. Néu nhidém doc thiy ngn qua
duong an udng vai lidu luong cao, mot thoi gian sau (c6 thé tir 10 - 20 nam) s& gy
to vong.
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1.10.1.3. Su bién d6i doc tinh cta thily ngan theo dang ton tai:

Poc tinh nay s& ting dan néu c6 hién tuong tich luy sinh hoc. Su tich luy
sinh hoc la qua trinh tham nhiém vao co thé gay nhiém doc man tinh. Qu4 trinh nay
dién ra gom hai giai doan: Sy tich luy sinh hoc bat dau boi ca thé, sau d6 duoc tiép
tuc tich 1ty nho su lan truyen giita cdc c4 thé, tir dong vat in co, dong vat an ca, cho
dén con ngucn Do d6 nong do thuy ngén dugc tich luy dan dan cho dén khi “t6i
ngudng” gy hai. Hién tuong tich luy sinh hoc nay rat nguy hiém, nhat 1a voi
methyl thuy ngan - xudt phat tir méi truong ldc dau it 6 nhiém (nong do thuy ngan
thap), ndng do d6 c6 thé tang 1én dén hang nghin 1an va trd thanh rat doc.

Nhitng phu nit c6 thai, nhitng tré so sinh con b me va cdc tré nhé dé bi nguy
hiém nhét, béi vi mot luong 16n thity ngin c6 thé giy hai cho ndo bd dang phat
trién. Néu ba me dung nhiéu cdc loai ca bién (loai chtra ham lugng thuy ngén cao),
thi su phat trién ndo bd cua dtra bé c6 thé bi anh huong va thdm chi 1a thiy ngan
tich lily s& gdy bién chimg ning vé sau, hodc giy ra nhitng van dé vé sy théng minh
cua tre...

1.10.2. Chi va surc khoe con nguwoi:

Chi ¢6 thé xAm nhép vao co thé ngudi qua thire dn, nude udng hit tha, cha yéu
do thirc an ké ca thong qua da. Ching duoc tich tu thong qua xuong, it gdy doc cap
tinh trir truong hop liéu lugng rat cao. Nguy hiém hon 1a sy tich liy 1au dai trong co
thé ciia lugng nho trong thoi gian dai. Tré so sinh, tré em dudc 6 tudi va phuy nir 6
mang la dbi tuong nhay cam nhét dbi véi doc t6 chi. Co ché tac dung ddc 1a sy kim
ham hoat déng cila cdc enzym trong qud trinh trao d6i chét ctia hong cau. ban dau
chiing lien két 1ong 1éo v6i hong cau va dugce thai ra khoi co thé vdi ty 18 thap, phan
16n chiing dwoc van chuyén dén va tich tu trong xuong, téc. Triéu chimg thé hién
nhiém ddc chi 12 mét moi, an khong ngon, dau dau, né tic dong 1én ca hé than kinh
trung wong va ngoai Vvi.

- Trén co s6 liéu lwong chiu dung cua co thé 1a 3,5pg/kg co thé trong ngay ddi véi

tré em. Nong d6 chi cho phép trong nudc udng cua cic quic gia 1a 10-40 pg/l.
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CHUONG 2

THUC NGHIEM
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¢ MUC TIEU CUA PE TAI

Dé tai dugc nghién cttu theo nhitng muc dich sau:

+ Nghién cttu phan 14p humin c6 khd ning hap phu cao cdc loai ion kim loai
ndng nhu thuy ngén, chi (II)....

+ Khdo sdt qud trinh hap phu va gidi hip phu Hg**, Pb** d€ nghién citu co ch&
va dong hoc cia qua trinh nay.

+ Khdo sdt sd luge do bén ctia humin.

Trén nhitng k&t qua thu dudc ching toi c6 nhitng cd sé d€ dinh huéng cho
nhitng nghién cifu cling nhu ¥ng dung dugc ngudn ba thdi than bun ciing nhu
than buin trong viéc x 1y nudc thai ¢ chita nhitng ion kim loai mdt cdch hiéu
qué nhAat.

e PHUONG PHAP NGHIEN CUU

Trén co s3 1y thuy€t va nhitng két quéd clia nhitng nghién cttu trudc day, toi
thurc hién dé tai theo nhitng budc dudi day:

+ Tao mau humin tho tir ba thai than bun 1dn nhiéu tap chi't @€ phuc vu cho
viéc nghién cttu.

+ Ché€ tao mAu humin sach bing cdch xtt 1y bing axit HCI.

+ Kh3o sdt cau tric bé mit, thinh phan clia humin.

+ Khéo sdt khd ning hip phu cia cdc loai humin nay tir d6 chon miu humin
thich hgp d€ nghién citu tiép.

+ Khdo sdt qud trinh hdp phy Hg**, Pb** clia humin theo cdc y&u t khdc nhau
(nhiét do thudng, thdi gian, ndng do), tim hi€u co ch€ va ddng hoc clia qud trinh
nay.

Dung lugng hap phu cdc ion kim loai trong mdi trudng nuéc ciia humin dugc

xdc dinh thong qua ndong do ion kim loai trong dung dich bing phuong phip

quang phd hap thu nguyén tir (AAS).
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e HOA CHAT, THIET BI VA DUNG CU

Héa chat:

NaOH Tinh khiét Trung Qudc
HCl Tinh khiét Trung Qud

Hg(NO03),.5H,0 Tinh khiét Trung Quéc
Pb(NO;), Tinh khiét Trung Quéc

Céc héa chat co bin khéc.
Thié&t bi va dung cu:

1. Can phan tich AB204 - METTLER, d6 chinh xdc dén 0.1 mg
Can ky thuat VP 3000 — Demer Instrument, d chinh xdc 0,1 g
pH k& PH -1299, APEL, Germany
T sy Memmert, Germany, T, = 220°C
Miy khudy tlr, mdy khudy co
Mady ly tam Universal 16A, Germany
M4y loc chan khong

Dung cu ray, nghién

w0 =2 0 kW

M4y diéu nhiét Memmert, Germany, dd chinh xdc 0,1°C
10.L0 nung,Viét Nam,T,,,, = 1200°C

11.Cédc dung cu thiy tinh cd ban
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e TIEN HANH THUC NGHIEM

2.1. CHUAN BI CAC MAU HUMIN
2.1.1. Chuén bi miu humin thé[7]

Chting t6i 14y mAu ba thai tir nha m4y phan bén Humix — Ap Tay, Xa
DPong Hoa, Huyén Di An, Tinh Binh Duong. Pay 1a phan ba rin con lai sau qud
trinh chiét tdch axit humic tir than bin nguyén liéu, nén trong d6 con 14n nhiéu
tap chit nhu ¢d rdc, cat sdi, NaOH du, lugng axit humic con lai trong d6..do dé
cin loai bd nhitng phan nay d€ thu dugc humin sach hon ddp ng dugc yéu cau
nghién ctru.

Ma3u b3 rin dem vé chiing toi cho vao nudc khudy déu va d€ ling va gan
loc nhiéu 1An nhiim loai bd nhitng tap chi't co hoc c6 trong dé.

Sau dé cho dung dich NaOH 1% vao ngdm va khudy déu trong 20 gid
nhiim ti€p tuc tdch phan axit humic con du trong d6. Rita bing nuéc cho dén khi
pH clia nudc rira bing 9. Rita bing HCI 0.1 M. Va sau cung Ra bing nudc cho
dén khi pH ctia nudc ria bing 6 dem sdy kho & 60°C trong 12 gid thu dudc
humin tho, kho va dem nghién nhd qua rdy c6 kich thuc 150 ym va cho vao lo
day kin @€ st dung.

2.1.2. Chuén bi miu humin sach

L4y mAu humin tho § trén dem di ngdm trong dung dich HC1 2M trong 20

gid sau d6 rira sach biing nudc cat, va siy kho & 60°C trong 12 gid ta thu dudc

humin sach cho vao lo day kin d€ st dung.
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2.2. KHAO SAT SU HAP PHU Hg*, Pb** CUA CAC LOAI HUMIN
2.2.1. Khao sit sy hap phu Hg**
2.2.1.1 Dung dudng chuin ctia phd hip thu nguyén td Ni**

LAn lugt pha cdc dung dich chuidn Hg** ¢6 ndng d6 2.0, 5.0, 10.0, 20 mg/I.
Dung may phd hap thu nguyén tir d€ xdc dinh d6 hap thu Abs. Tir d6 xdy dung
dudng chuin Abs = f(C).

2.2.1.2  Qua trinh hap phu
Cho vao becher loai 250ml 100 mg humin va cho ti€p 100ml dd Hg* c¢6

ndng d6 Cy (mg/l). Diing may khud'y tir khudy lién tuc trong vong 60 phiit, ddng
thdi ding dém acetat dé giir gid tri pH = 3.0 6n dinh. Sau 60 phiit, ti€n hanh loc
dung dich qua gid'y loc bing mdy hiit chan khong.

Phan dung dich thi dem di x4c dinh ndng do ion Hg** con lai trong dung
dich (C,) bing mdy quang phé hap thu nguyén ti (AAS), Perkin Elmer 3300, v6i
budc séng 253.7 nm.

Thi nghiém dudc ti€n hanh 03 miu song song va 14y gid tri trung binh.

2.2.2. Khao sit sy hap phu Pb*
2.2.2.1 Dung dudng chuin ctia phd hip thu nguyén ti Pb**

LAn lugt pha cdc dung dich chudn Pb** ¢6 ndng d6 0.5, 1.0, 2.0, 4.0 mg/I.
Dung mdy phd hap thu nguyén tir d€ xdc dinh d6 hap thu Abs. Tir d6 xay dung
dudng chuin Abs = f(C).

2.2.2.2  Qua trinh hiap phu
Cho vao becher loai 250ml 100 mg humin va cho ti€p 100ml dd Pb>* c6

ndng @ Cy (mg/1), ding dd NaOH 0.01M va dd HC1 0.01M dé gifr gid tri pH =
7.0 6n dinh. Diing may khudy tir khudy lién tuc trong vong 60 phiit. Sau 60 phiit,

ti€n hanh loc dung dich qua gidy loc bing mdy hit chin khong.
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Phan dung dich thi dem di xdc dinh ndng d6 ion Pb** con lai trong dung
dich (C,) bing mdy quang phé hap thu nguyén ti (AAS), Perkin Elmer 3300, v6i
budc séng 283.3 nm.

Thi nghiém dudc ti€n hanh 03 miu song song va Idy gid tri trung binh.

2.3. ANHHUGNG CUA PH PEN KHA NANG HAP PHU
2.3.1. Anh huéng cia pH d&€n dung lugng hap phu Hg**

Cho vao becher loai 250ml 100mg humin va 110ml dung dich Hg** ¢6
nong do6 Co (mg/1). LAn lugt dua vé€ cdc gid tri pH khdc nhau. Duing mdy khudy
co khudy lién tuc trong vong 60 phiit. Pong thdi ding dém acetat c6 pH=3 dé
gitt pH &n dinh.

Sau 60 phiit, ti€n hanh loc dung dich bing mdy hit chin khong r6i dem di
xdc dinh ndng do ion Hg”* con lai trong dung dich (C;) bing mdy quang phS hap

thu nguyén t& (AAS), Perkin Elmer 3300, v6i budc séng 253.7 nm .

2.3.2. Anh huéng cia pH d&€n dung lugng hiap phu Pb**
Cho vao becher loai 250ml 100mg humin va 110ml dung dich Pb* c6

ndng @6 Cy (mg/l) ding NaOH va HCI diéu chinh c6 cic gid tri pH khac nhau 6n
dinh. Sau 60 phiit, ti€n hanh loc dung dich biing mdy hit chan khong roi dem di
x4c dinh ndng dd ion Pb** con lai trong dung dich (C;) bing mdy quang phd hap

thu nguyén tir (AAS), Perkin Elmer 3300, v4i budc song 283.3 nm. .

2.4. ANHHUGNG CUA NONG PO PEN KHA NANG HAP PHU
2.4.1. Anh huéng cia ndng d6 d&€n dung lugng hap phu Hg**
Tir 100 ml dung dich Hg** = 112.8 mg/l pha lodng thanh cdc dung dich c6

ndng dd nhé hon theo thanh phan :

Dung dich sau Ci=112.8 C,=76.1 C3;=53.2

Vad ne (ml) 100 100 100
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V pge(ml) 0 50 100

Vsau(ml) 100 150 200

Lan lugt cho vao becher loai 250ml 100mg humin va Vg,y(ml) dung dich Hg2+
c6 nong dd C; (mg/l) thu dugc § trén. Dung mdy khudy tir khudy lién tuc trong
vong 60 phiit. Pong thdi ding dém acatat dé giit gid tri pH = 3.0 6n dinh.

Sau 60 phiit, tién hanh loc dung dich bing mdy hiit chan khong r6i dem di
xdc dinh ndng dd ion Hg2+ con lai trong dung dich (C,) bing mdy quang phd hap
thu nguyén t&r (AAS), Perkin Elmer 3300, v6i budc séng 253.7 nm (bang 3.9,
hinh 3.8).

2.4.2. Anh huéng cia ndng d6 dén dung lvgng hap phu Pb*
Tir 100 ml dung dich Pb®* = 123.6 mg/l pha lodng thanh cdc dung dich c6

ndng dd nhd hon theo thanh phin:

Dung dich sau Ci=123.6 C,=62.3 C;3;=49.2

Vapp (ml) 100 100 100
Viuse(ml) 0 50 100
Vsau(ml) 100 150 200

LAn lugt cho vao becher loai 250ml 100mg humin va Vs, (ml) dung dich Pb**
ding dd NaOH 0.01M va dd HC1 0.01M 6n dinh pH=7, ¢6 ndng dd C; (mg/l) thu
dugc & trén. Duing may khudy tir khudy lién tuc trong vong 60 phiit.

Sau 60 phiit, loc dung dich bing mdy hit chin khong r6i dem di xdc dinh
ndng do ion Pb> con lai trong dung dich (C;) bing mdy quang phd hip thu
nguyén ti (AAS), Perkin Elmer 3300, vGi budc séng 283.3nm(bang 3.10, hinh
3.9).
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2.5. KHAO SAT PONG HQOC HAP PHU Hg, Pb CUA HUMIN
2.5.1. Anh hwéng cia thdi gian ti€p xic dén dung lugng hap phu Hg™

Cho vao becher 100mg humin va cho ti€p vio 100ml dung dich Hg** c¢6
ndng dd Co (mg/l), dung dém acetat d€ giit pH=3 6n dinh. Ding mdy khudy tir
khudy lién tuc trong vong t phit (thdi gian t phit nay thay d6i tiy ting thi
nghiém nhu trong bang ).

Sau thdi gian t phiit, ti€n hanh loc dung dich qua gidy loc bing mdy hiit
chin khong, rdi dem di xdc dinh néng d6 ion Hg** con lai trong dung dich (C;)
bing mdy quang phd hip thu nguyén ti (AAS), Perkin Elmer 3300, v6i budc
séng 253.7 nm.

Dung dudng hap phu ding nhiét theo thdi gian ctia qud trinh hap phu.
2.5.2. Anh huéng cia cia thdi gian ti€p xdc dén dung lvgng hap phu Pb*

Cho vao becher loai 250ml 100mg humin va cho ti€p vao 110ml dung
dich Pb** ¢6 nﬁng do Cp (mg/l), dung dung dich NaOH 0.01M va dung dich HCI
0.01M @& giit gi4 tri pH = 7.0 n dinh. Duing mdy khud'y tir khudy lién tuc trong
vong t phit (thdi gian t phit nay thay d6i tiy tirng thi nghiém nhu trong bang ).
Sau thdi gian t phiit, ti€n hanh loc dung dich qua gidy loc bing mdy hiit chian
khong, rdi dem di xdc dinh ndng dd ion Pb** con lai trong dung dich (C,) bing
may quang phd hap thu nguyén ti¥ (AAS), Perkin Elmer 3300, véi budc séng
283.3 nm.

Dung dudng hip phu ding nhiét theo theo thdi gian cia qua trinh hip
phu.
2.5.3. Anh huéng ctia nong d6 dén téc do hap phu ctia humin
2.5.3.1 Pudng dong hoc hap phu Hg** theo Langmuir va Freundlich

Tur dd g/l Hg** c6 ndng dd 201.2 mg/l, pha lodng thanh cic dung dich c6

ndng dd nhé hon.
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Lan lugt cho vao becher loai 250ml 100mg humin va 100ml dung dich
Hg”™* ¢6 ndng @6 C; (mg/l) thu dugc trong dém acetatt c6 pH=3. Duing mdy khudy
tir khuA'y lién tuc trong vong 60 phiit.

Sau 60 phiit, ti€n hanh loc dung dich bing mdy loc chin khong, sau dé
x4c dinh ndng d6 ion Hg** con lai trong dung dich (C;’) bing mdy quang phd hap
thu nguyén t& (AAS), Perkin Elmer 3300, vGi budc s6ng 253.7 nm.

Dung cic dudng ding nhiét hdp phu theo Langmuir va freundlich.

2.5.3.2  Pudng dong hoc hap phu Pb** theo Langmuir va Freundlich

Tir dung dich Pb** ¢6 ndng dd 90.11 mg/l pha loing thanh cdc dung dich c6 ndng
dd nhé hon theo thanh phan :

Lan lugt cho vao becher loai 250ml 100mg humin va 100ml dung dich
Cr’* ¢6 ndng do C; (mg/1).Pdng thdi dung dd NaOH 0.01M va dd HC1 0.01M dé
gitt gid tri pH = 7.0 8n dinh.

. Diing mdy khudy tir khudy lién tuc trong vong 60 phiit.

Sau 60 phiit, ti€n hanh loc dung dich bing mdy loc chin khong, sau dé
x4c dinh ndng @6 ion Pb** con lai trong dung dich (C;’) bing may quang phd hip
thu nguyén t& (AAS), Perkin Elmer 3300, vSi budc s6ng 283.3 nm..

Dung cic dudng ding nhiét hap phu theo Langmuir va freundlich.

2.5.3.3  Anhhuéng cia ndng d§ dén téc do hap phu

Cho vao becher loai 250ml m (mg) humin va cho ti€p vao V (ml) dung
dich ion kim loai c6 ndng dd Co (mg/l) hdp phu trong thdi gian t phit & pH 6n
dinh. Sau thdi gian t phit, ti€n hanh loc dung dich qua gidy loc bing mdy hut
chin khong, rdi dem di xdc dinh ndng do ion con lai trong dung dich (C;) bing
may quang phS hap thu nguyén ti (AAS), Perkin Elmer 3300, vdi budc séng
253.7 nm.
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2.6. KHAO SAT THOI GIAN GIAI HAP PHU CUA HUMIN
2.6.1. Humin hap phu ion Hg**
2.6.1.1  Giai hap phu béing axit HCI

Cho vao becher loai 1000 ml 500mg humin va cho ti€p 500 ml dd Hg** c6
nong dd Co (mg/l). Diing mdy khudy tir khudy lién tuc trong vong 60 phiit trong
dém acetat dé€ giit pH=3 6n dinh. Sau 60 phiit, ti€n hanh loc dung dich qua gidy
loc biing m4y hiit chan khong, dem dung dung dich thu dugc di xdc dinh nong do
ion Hg** con lai trong dung dich (C;) bing mdy quang phd hip thu nguyén ti
(AAS), Perkin Elmer 3300, v6i budc s6ng 253.7 nm.

Phan humin sau loc dudc cho vao dung dich HCI 1M d€ ti€n hanh gidi hap
phu, thdi gian gidi hip 1an lugt 1 t phit. Nong dd dung dich sau gidi hap (Cgizi
hap)-
2.6.1.2  Giai hiap phu ty nhién

Cho vao becher loai 1000ml 500mg humin va cho ti€p 500 ml dd Hg** c6
nong dd Co (mg/l). Diing mdy khudy tir khudy lién tuc trong vong 60 phiit trong
dém acetat dé€ giit pH=3 6n dinh. Sau 60 phiit, ti€n hanh loc dung dich qua gidy
loc bing may hit chin khong, dem dung dung dich thu dugc di xdc dinh ndng do
ion Hg”* con lai trong dung dich (C;) biing mdy quang phd hip thu nguyén ti
(AAS), Perkin Elmer 3300, v6i budc s6ng 253.7 nm.

Phan humin sau loc dudc cho vao 500ml nuSc cit dé ti€n hanh gidi hap
phu tu nhién, thdi gian gidi hdp 1an lugt 12 t ngay. Nong d6 dung dich sau gidi

hap (Cgizingp ) -

2.6.2. Humin hip phu ion Pb**
Cho vao becher loai 1000ml 500mg humin va cho ti€p 500 ml dd Pb** c6

ndng dd Cq (mg/l), ddng thdi ding dd NaOH 0.01M va dd HC1 0.01M d€ gift gid
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tri pH = 7.0 6n dinh. Duing mdy khud'y tir khudy lién tuc trong vong 60 phiit. Sau
60 phiit, ti€n hanh loc dung dich qua gidy loc bing mdy hit chan khong, dem
dung dung dich thu dugc di x4dc dinh néng d6 ion Pb** con lai trong dung dich
(C,) bing mdy quang phd hip thu nguyén tit (AAS), Perkin Elmer 3300, véi
budc séng 283.3 nm.

Phan humin sau loc dudc cho vao dung dich HCI 1M @€ ti€n hanh gidi hap
phu, thdi gian gidi hap 1an lugt 1a t phit. Nong do dung dich sau gidi hap (Cgisingp
).
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CHUONG 3
KET QUA VA
THAO LUAN
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3.1. KHAO SAT SU HAP PHU ION Hg*, Pb** CUA HUMIN
3.1.1. Dung dudng chuidn ctia phd hap thu nguyén ti Hg™*

Nong do(ng/l) Abs
10 0.004
20 0.010
40 0.023
70 0.039
100 0.06

Bang 3. 1: P hap thu Abs do dugc theo cic ndng do Hg** khic nhau
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Hinh 3. 1: P$ hap thu Abs do dugc theo cdc ndng do Hg** khic nhau.
3.1.2. Khao sit sy hap phu ion Hg**

Tén Co

C; | m(mg) | V(ml | % Hap phu

Q (mg/g)

Hu-HCl | 112.8

8.8 100 200 92.20

208

Bang 3. 2: Kha niing hap phu Hg** ctia humin tai pH=3 .

3.1.3. Dyng dudng chuéin ciia phé hap thu nguyén ti Pb**

Nong do(mg/l) Abs
0.213 0.002
0.545 0.006

1 0.012
2 0.021
5 0.055
9.693 0.105

Bang 3. 3: Do hip thu Abs do dugc theo cdc ndng do Pb** khic nhau
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Hinh 3. 2: P$ hap thu Abs do dugc theo cdc néng do Pb** khic nhau.
3.1.4. Khao sat su hap phu ion Pb*

Tén Co C; | m(mg) | V(ml) | % hap phu | Q (mg/g)
Hu-HCI | 48.18 | 13.39 100 200 72.1046 69.58

Bang 3. 4: Kha niing hap phu Pb** ctia humin tai pH=7 .
Nhin xét:

Ta thady dung lugng hap phu cia humin sau khi dugc xt Iy bang axit HCI 1a kha
t6t, & ddy nhitng thanh phin khodng vé c¢d & Humin di bi tan di 1am cho humin x8p
hon 1am ting kh3 nidng hap phu. Humin sach c¢6 dung lugng hap phu cao céc ion Pb**
va Hg**.

Trong cdc ludn van truée diy, vi humin tinh (sau khi xir Iy bang hon hop axit
HCI va HF) sé c6 % hdp phu cao hon so véi Humin sach.Tuy nhién HF la axit rit
doc, gid thanh tuong doi cao nén humin tinh dem lai hiéu qua kinh t& khong cao. Toi
chon humin sach (humin dvoc rita bang dung dich axit HCl) dé khdo sdt cdc thi
nghiém tiép theo.

3.2. ANH HUGNG CUA pH PEN DUNG LUGNG HAP PHU CUA HUMIN
3.2.1. Anh huéng cta pH ddi véi dung lugng hap phu Hg*

SVTH: Nguyén Trung Quin Trang 62



63

pH Co C, | m(mg) | V(m) | % Happhy | Q (mg/g)
1.5 113.2 | 83.75 100 110 26.01 324
2.0 113.2 | 6791 100 110 39.99 49.8
2.5 113.2 | 31.54 100 110 72.14 89.8
3.0 1132 | 9.1 100 110 91.96 114.5

Bang 3. 5: Anh huéng cia pH ddi véi dung lugng hap phu Hg** ciia humin (phu
luc 2).

_Aohhugng ciiapH__
120
- A

#F = )

Z.g 7 _"/ -

g ] ¢

: .
1 15 2 = 25 E 25
pH

Hinh 3. 3: Anh hudng cia pH d6i véi dung lugng hap phu Hg** cta humin

3.2.2. Anh huéng cia pH déi véi dung lugng hap phu Pb*

pH Co &1 m(mg) | V(ml) | % Happhu | Q (mg/g)
3 49.27 | 39.10 100 110 32.71 9.25
4 49.27 | 32.65 100 110 33.73 15.11
5 49.27 | 29.10 100 110 40.94 18.34
6 49.27 | 23.35 100 110 52.61 23.56
7 49.27 | 14.21 100 110 71.16 31.87
Bang 3. 6: Anh huéng cia pH ddi véi dung lugng hap phu Pb** ciia humin (phu luc

3).
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Hinh 3. 4: Anh hudng cia pH d6i véi dung lugng hap phu Pb** ctia humin.
Nhan xét: Dung lugng hdp phu ting theo sy ting cia pH vi trong humin ¢6 chia cdc

gdc —COOH c6 thé bi phan li thinh ion H* . pH ting thic d4y qud trinh phan li ra H

tao diéu kién cho cdc ion duong xim nhap va phdn tng.

3.3. ANH HUGNG CUA NONG PO PEN KHA NANG HAP PHU
3.3.1. Anh huéng ctia ndng d6 d&€n dung lugng hap phu Hg*

Co C, m humin | V (ml) | % hap phu Q (mg/g)
112.8 8.8 100 100 92.19858 104
76.1 8.5 100 150 88.81579 101.25
53.2 4.1 100 200 92.29323 98.2
27.7 3.7 100 400 87.72563 97.2

Bang 3. 7: Anh huéng ctia ndng do dén dung lugng hap phu Hg** (phu luc 4).
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2+

Hinh 3. 5: Anh huéng cia nong do d&én dung lugng hap phu Hg
3.3.2. Anh huéng cia ndng d6 d&€n dung lugng hap phu Pb**

Co C m humin | V (ml) | % hap phu Q (mg/g)

123.6 | 15.78 100 100 87.23301 107.82

62.3 | 9.12 100 200 85.36116 106.36

492 | 8.51 100 250 82.70325 101.72

296 | 6.23 100 400 78.9527 93.48

Bang 3. 8: Anh huéng ciia néng d¢ d&€n dung lugng hap phu Pb** (phu luc 5)
___Auhhudug clia ndng d¢ dén dung ligug hap phy Pb_
Vi
92
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Hinh 3. 6: Anh huéng ctia ndng do d&én dung lugng hiap phu Pb*
Nhan xét: Ciing mdt lugng ion kim loai trong dung dich, n€u ndng d6 ban diu cia

dung dich gidm thi dung lugng hap phu va % hap phu ciing gidm theo do sy gidm sy
ti€p xtc cla cdc tiéu phan véi humin.

34. ANH HUGNG CUA NHIET PO PEN KHA NANG HAP PHU [12]

Nhin xét: Theo cdc nghién ctu tride, khi nhiét do ting thi khd ning hap phu cla
humin ciing ting lén, diéu nay do qud trinh hap phu nay khong thé 1a hap phu vat ly
ma 12 hap phu héa hoc, vi chi ¢6 hap phu héa hoc méi vu tién & nhiét dd cao, con hap
phu vatly chi vu tién & nhiét do thap.

Do vay tat ca céc thuc nghiém trong ludn van nay déu duoc thuc hién & nhiét do phong

(trung binh 1a 33.7°C).
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3.5. KHAO SAT PONG HOC HAP PHU

Cic thi nghiém duoc tién hanh & nhiét do phong (33.7°C), pH khéng doi; chi thay doi
thoi gian tiép xiic va néng do tuy vao doi tugng khdo sat.

3.5.1. Anh huéng cia thoi gian ti€p xic dén dung lugng hap phu Hg** (pH=3)

Tgian (phut) Co C, m(mg) | V (ml) % Hap phu | Q(mg/g)
5 113.2 | 33.96 100 100 70.13 79.24
15 113.2 | 22.25 100 100 80.34 90.95
30 113.2 | 16.47 100 100 85.45 96.73
45 113.2 | 15.81 100 100 86.03 97.39
60 113.2 | 13.98 100 100 87.65 99.22
90 113.2 | 8.11 100 100 92.84 105.09

Bang 3. 9: Anh huéng ciia thoi gian ti€p xic dén dung lugng hap phu Hg?* cia
humin (phu luc 6).
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Hinh 3. 7: Anh hudng cia thoi gian tiép xic dén dung lugng hap phu Hg* cia
humin.

3.5.2. Anh huéng ctia thdi gian ti€p xic dén dung lugng hap phu Pb** (pH=7)
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Tgian(phut) | Co C m(mg) V (ml) | % hap phu Q(mg/g)
5 52.1 | 26.35 100 110 49.42418 28.325
15 52.1 | 21.37 100 110 58.98273 33.803
30 52.1 | 16.05 100 110 69.19386 39.655
45 52.1 | 14.79 100 110 71.61228 41.041
60 52.1 | 14.01 100 110 73.1094 41.899
90 52.1 | 10.95 100 110 78.98273 45.265

Bang 3. 10: Anh hudng cia thoi gian tiép xic dén dung lugng hap phu Pb* cia
humin (phu luc 6).
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Hinh 3. 8: Anh hudng cia thoi gian tiép xic dén dung lugng hap phu Pb* cia

humin.

Nhan xét: Dung lugng hidp phu Q ting theo thdi gian, sau 30 phiit dau thi Q ting

nhanh va phan 16n ion da bi hap phu hét. PAy 13 thdi di€ém sy hap phu dat d&€n cin
bing. Sau d6 dung lugng hap phu ting theo chiéu huéng chim lai va kéo dai d&n 90
phit. Ta thdy c6é hién tugng tré clia vat liéu hap phu c6 dudng kinh mao qudn nhd va
trung binh, diéu ndy cho thdy humin ma tdi dem kho sdt 13 loai humin c6 Sggr nhd,

mao quan trung binh.
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3.5.3. Anh huéng ctia ndong do dén toc ddo hap phu cia humin
3.5.3.1 DPudng dong hoc hap phu Hg** theo Langmuir va Freundlich

Co | C; |V (ml) | %Happhu | Qimg/g) | LgQ | LgC1 | 100C1/Q
201.2 | 45.76 | 100 77.26 155.44 | 2.19 | 1.66 | 29.44
175.1 | 30.11 | 100 82.8 14499 | 2.16 | 1.48 | 20.77
1432 | 21.41 | 100 85.05 121.79 | 2.09 | 1.33 | 17.58
1155 9.01 | 100 92.20 10649 | 2.03 | 095 | 8.46
91.6 | 1.81 | 100 98.02 8079 | 1.95 | 026 | 2.02

Bang 3. 11: Anh hudng ctia néng do dén dung lvgng hap phu Hg?* ctia humin (phu
luc 7).
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Hinh 3. 9: Pudng dong hoc hap phu Hg** theo Langmuir
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Hinh 3. 10: Pudng dong hoc hap phu Hg** theo Freundlich

Tu k&t qua trén ta tinh dugc cdc gid tri hing s6 Langmuir, Freundlich va hé s6

R2
Langmuir Hg** Freundlich
Hé so Gia tri Hé s6 Gia tri
Ky 0.249 Kr 77.98
b 163.93 n 0.168
R’ 0.983 R’ 0.928

Bang 3. 12: Céc gi4 tri hiing s¢ Langmuir, Freundlich va hé sé R”.

3.5.3.2 Pudng dong hoc hap phu Pb** theo Langmuir va Freundlich
Co | C, | V(ml) | % H4p phu | Qmg/g) | LgQ | LeC, | 100C,/Q
90.11 | 35.01 100 61.15 55.10 1.74 1.54 63.54
77.26 | 23.78 100 69.22 53.48 1.73 1.38 44.47
65.14 | 17.23 100 73.55 47.91 1.68 1.24 53.33
51.21 | 8.86 100 82.70 42.35 1.63 | 0.95 28.93
41.32 | 6.33 100 84.68 34.99 1.54 | 0.80 23.97
Bang 3. 13: Anh hudng ctia ndng do dén dung lugng hap phu Pb?* ciia humin (phu
luc 7).
s Bubng cong déng ho ¢ theo langmuir (Ph)
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Hinh 3. 11: Pudng dong hoc hap phu Pb** theo Langmuir.
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Hinh 3. 12: Pudng dong hoc hap phu Pb** theo Freundlich.

Tu két qua trén ta tinh dudc cdc gid tri hing s6 Langmuir, Freundlich va hé s6

R%:
Langmuir Pb** Freundlich
Hé so Gia tri Hé s6 Gia tri
Ky 0.293 Kg 22.91
b 57.87 n 0.257
R’ 0.994 R’ 0.942

Bang 3. 14: Céc gid tri hiing sé Langmuir, Freundlich va hé s& R*.
Nhan xét: Theo k&t qui trén ta thi'y hé s6 R theo Langmuir gin bing mot. Nhu thé

c6 thé coi sy hap phu ion kim loai ctia humin tuin theo phuong trinh ddng nhiét
Langmuir, R” theo Freundlich kh4 xa mdt, titc 12 su hdp phu nay khong tudn theo
phuong trinh ding nhiét hdp phu Freundlich.

Mic khdc hé s6 b clia phuong trinh Langmuir dic trung cho kha ning hap phu
t01 da cia chat chat hap phu 12 hdp 1y con Ky ciia phuong trinh Freundlich dic trung
cho dung lugng hap phu cia hé trong trudng hgp nay 1a thdp so véi kha ning hap phu
clia humin, diéu nady chitng té phuong trinh Langmuir md t4 chinh xdc hon phuong

trinh Freundlich.
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3.5.3.3  Anh huéng ciia ndng d¢ dé&n téc do hap phu

THOI
CoHg | C,Hg | % HAPPHU | Q (mg/g) | GIAN(phit) | Ci/Co
1132 | 33.96 70 79.24 5 0.30001
1132 | 2225 80.34 90.95 15 0.19655
1132 | 16.47 85.45 96.73 30 0.14549
1132 | 1581 86.03 97.39 45 0.13966
1132 | 13.98 87.65 99.22 60 0.12350
1132 | 8.11 92.84 105.09 90 0.07164
73.21 | 11.83 83.84 67.52 5 0.16159
7321 | 9.53 86.98 70.05 15 0.130173
7321 | 7.11 90.29 72.71 30 0.097118
7321 | 6.17 91.57 73.74 45 0.084278
7321 | 5.81 92.06 74.14 60 0.079361
7321 | 571 92.20 74.25 90 0.077995
. THOT
CoPb| C{Pb | % HAP PHU | Q (mg/g) | GIAN(phiit) C/Co
61.73 | 12.89 79.12 53.724 5 0.20881
61.73 | 10.99 82.20 55.814 15 0.17803
61.73 | 9.97 83.85 56.936 30 0.16151
61.73 | 8.79 85.76 58.234 45 0.14239
61.73 | 8.98 85.45 58.025 60 0.14547
61.73 | 8.81 85.73 58.212 90 0.14272
521 | 26.35 49.42 28.33 5 0.50576
521 | 21.37 58.98 33.80 15 0.41017
521 | 16.05 69.19 39.66 30 0.30806
521 | 14.79 71.61 41.04 45 0.28388
521 | 14.01 73.11 41.90 60 0.26891
521 | 10.95 78.98 45.27 90 0.21017

Bang 3. 15: Anh hudng ctia thdi gian tiép xic d&€n dung lugng hap phu céc ion
Hg**, Pb** ctia humin & cac ndng dd khac nhau (phu luc 6 ).
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Hinh 3. 13: Anh huéng ciia ndng do dé&n téc do hap phu cdc ion kim loai.
Nhin xét: Ta thd'y dudng dong hoc hap phu § cdc ndng do khdc nhau c6 dang tuong

tv nhau, di€u d6 chitng té riing nong dd cé dnh hudng rat it dén téc d6 hap phu. Trong
céc trudng hdp trén t6c dd hap phu Pb nhanh hon Hg, toc do hdp phu ting nhanh trong
khodng 15 phit ddu va sau dé tdc do hdp phu ting rat it. Piéu nay cho thdy giai doan
quyét dinh qué trinh phdn ¢ng khong phdi 1a qué trinh khu€ch tdn, ma dugc quyét
dinh bdi giai doan hap phu that sy, vi n€u giai doan khué&ch tdn 1a quyét dinh thi khi
ting nong dd chit bi hap phu trong dung dich s& 1am ting khi ning khuéch tdn va

lam ting tdc d6 hap phu nhung & day ta thiy vai tro clia ndng do 12 khong 16n.
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3.6. KHAO SAT THOI GIAN GIAT HAP PHU CUA HUMIN

3.6.1. Humin hap phu ion Hg**

3.6.1.1  Giai hap phu Hg** ctia humin biing axit HC1 1M
Thoi glan(phlit) Co C1 Cgigﬁ hap % Giai hﬁ’p
05 73.2 5.22 60.03 82.01
10 73.2 5.22 60.86 83.14
15 73.2 5.22 64.79 88.51

Bang 3. 16: Thdi gian gidi hap phu Hg** biing axit HC1 1M (phu luc 8).

3.6.1.2

Kh3 niing ty giai hap phu Hg** ctia Humin

Thoi gian (ngay) Cisi hap
3 Khong phét hién
6 Khong phat hién

Bang 3. 17: Kha niing ty giai hap phu Hg** ctia humin.
3.6.2. Humin hap phu ion Pb*

3.6.2.1  Giai hap phu Pb**ctia humin biing axit HCI
Thai gian(phiit) Co C Cliii hap % Giai hap
5 52.6 8.97 41.63 79.15
10 52.6 8.97 4273 81.24
15 52.6 8.97 45.47 86.44

Bang 3. 18 : Thai gian giai hap phu Pb** bing axit HC1 1M (phu luc 8 ).

Nhan xét:Tir k&t qui trén ta thdy thdi gian gidi hip Hg** rdt nhanh khodng 5 phit, vdi
khodng thdi gian ndy hdu nhu lugng Hg** dd dugc gidi hdp hoan toan va humin da
dugc axit héa trd lai. Khd ning tu gidi hap clia humin gan nhu khong cé, diéu nay
chitng td lién két gitra ion kim loai véi humin tuong ddi bén & diéu kién thudng. Thoi

gian gidi hap Pb’* khd nhanh, khodng 10 phiit. Chitng té kha ning gidi hap bing axit

HCI rat cao, c6 thé phd v§ lién k&t Humin vdi ion Pb*
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Qua cic két qua dat dugce trong dé tai, téi c6 duge cac k&t luan sau day:

1. T ba thai than bun cia nha may phan bén Humix t6i phian 1ap dugc humin ¢6
kha ning hdp phu cation trong dung dich nudc rat t6t. Pay 12 mot 1di ich kinh
t& dang k€ khi st dung humin ciing nhu than buin 1am vat liéu hap phu.

2. Co6 ch€ ciia qué trinh hdp phu Pb** , Hg** ctia humin 12 hdp phu héa hoc theo cd
ché trao d6i ion.

3. Humin sau khi dudc xit 1y bing hdn hgp aixt HCI d€ hoa tan cic mudi khodng
v0 cd — goi 1a humin sach - ¢6 dung lugng hap phu cao .

4. Téc d6 hap phu va gidi hap ion Hg** nhanh hon ion Pb** .

5. Humin c6 thé hap phu va gidi hap ion Hg>* va Pb>* nhiéu, khi ning gidi hap

A

tot.

6. V& dong hoc hap phu ta thdy dudng dong hoc hdp phu Hg** va Pb** trong dung
dich ctia humin duge md td bdi phuong trinh Langmuir pht hgp hon 1a phuong
trinh Freundlich. Nong dd c6 4nh hudng rat it d€n t6c do hap phu va giai doan
quyét dinh t6c dd hap phu 1a giai doan hap phu thit sy ma khong phai giai
doan khuéch t4n.

Trong thdi gian c6 han nén dé tai con mot sé van dé chua dugc nghién cifu mot
cach k¥ cang, do d6 toi kién nghi dé tai nén dugc ti€p tuc khio sit, nghién cifu dé
hoan thién hon theo nhitng van dé sau day:

7. Khio sdt dd bén va cdc y€u td 4nh hudng dén d6 bén clia humin

8. Khio sdt kha ning tdi s& dung cia Humin trén 2 ddi tugng Hg** va Pb** .

9. Khdo sat viéc dong vién cling nhu viéc ng dung tdch cac ion kim loai trong
dung dich nudc thai.

10.Qua tim hi€u cdc qud trinh nghién ctru triide day, cling véi thdi gian khio sat

trén 2 d6i tugng kim loai Pb va Hg, tdi nhan thdy c6 1 sy tudng dong tuong ddi
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khi ding Humin hap phu kim loai(Il), n€u c6 thé, tdng quan ho4 thanh 1 phan
mém ng dung trong hod hoc khio sdt ddng hoc hap phu vé Humin, dung gidi
quyét cdc van dé trong Hod hoc moi trudng.
To6i hy vong ring k&t qua nghién cttu cla luin vin ndy sé gép phan vao qud trinh
nghién cifu va ¢ng ngudn tai nguyén than bun clia Viét Nam trong linh vure xif 1y moi

truong.
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