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MO PAU

1. Tinh cép thiét ciia luin 4n

Tén dyng nhing phé thai tir thiy san hay cac phu pham néng nghiép
dé diéu ché mot vat lidu hip phu sinh hoc, than thién vo1 moi truong, cé
kha ning hap phu céc ion kim loai la viéc lam can dugc quan tam. Trong s6
cac vat liéu hap phu sinh hoc, chitosan 1a mét loai vat liéu polymer khong
doc, c6 kha nang phén huy sinh hoc. Chitosan chua dugc ghép mach c6 kha
nang hap phu t6t mot s6 cac ion kim loai tir dung dich c6 pH trung tinh, &
pH thap dé bi hoa tan gay kho khin cho qué trinh hap phu, day chinh Ia
diéu khong thuan loi khi sir dung chitosan dé hap phu cac ion kim loai cho
muc dich 1am giau hay tai st dung vat li€u. Chitosan da dugc ghép mach
bén trong moi trudng acid nhung lam giam dang ké kha ning hap phu ion
kim loai. Do vay, viéc khong ngung tao ra nhitng vat li€u trén co so
chitosan bién tinh c6 do bén cao trong moi truong acid nhung van gitr
nguyén duogc tinh chat hap phu cuano la rat can thiét.

Nhim dap ung yéu cau néu trén ching toi da tién hanh diéu ché
chitosan khau mach (CTSK), chitosan khau mach gan acid citric (CTSK-
CT) va nghién ciru mot cach chi tiét cac ddc tinh hip phu ion kim loai cho
muc dich ¢6 1ap va lam giau mot s6 ion kim loai trong moi trudng nude.

2. Muc tiéu cta luin an

- Piéu ché dugc chitosan bién tinh dang vay bén trong mdi truong acid
c6 kha ning hap phu cao cac ion kim loai.

- Xac dinh duogc cac dac tinh hép phu cta céc vat li€u vira diéu ché dbi
véi céac ion kim loai U(VI), Cu(Il), Pb(I), Zn(Il) va Cd(II) trong dung dich
nuac.

- Str dung cac két qua di nghién ctru ap dung xac dinh duoc nong do
lwong vét cac ion kim loai trong mot s miu nude va loai bé ion kim loai ra
khéi moi trudng nurée bi 6 nhiém.

3. Y nghia khoa hgc va thye tién cita luin 4n
3.1.Y nghia khoa hoc

- b diéu ché dugce vat liéu chitosan bién tinh dang vay (chitosan khéu
mach va chitosan khau mach gan acid citric), vét liéu bén trong moéi trudng
acid va c6 dung lugng hap phu cao doi vdi cac ion U(VI), Cu(Il), Pb(1D),
Zn(II) va Cd(1D).

- Xac dinh duoc cac yéu té anh hudng dén qua trinh hip phu cua
chitosan khau mach va chitosan khau mach gan acid citric dang vay doi voi
cac ion kim loai U(VI), Cu(Il), Pb(Il), Zn(II) va Cd(II).



- ba xac dinh dugc cac thong s6 dong hoc va can bang hip phu cia
qua trinh hap phu cac ion kim loai 1én chitosan bién tinh. Xac dinh dugc
dung luong hap phu cuc dai cia vat li€u dieu ché dugc doi voi cac ion kim
loai nghién curu.

3.2.Y nghia thuc tién

- Tan dung n~gu6n phé thai thiry san dé diéu ché dugc vat liéu hﬁp phu
khong ddc hai, d¢ phan hiy sinh hoc c6 dung lugng hap phu cao doi véi
cac ion U(VI), Cu(1l), Pb(Il), Zn(Il) va Cd(I).

- Trén co s¢ d6 xay dung dugc phuong phap c6 1ap lam giau lugng vét
cac nguyén to da cho dé phan tich dinh lugng cling nhu loai bo ching trong
nudc thai, nude bé mit, nudc ngam va cac doi tugng moéi truong khac.

4. N¢i dung cia lujn an

- Piéu ché CTSK bang cach khau mach chitosan voi tic nhan khau
mach glutaraldehyde va thir nghiém d6 bén ciia n6 trong cac méi truong pH
khac nhau. Diéu ché CTSK-CT Ia san phim ciia phan tng chitosan khau
mach va acid citric. Nghién ctu xac dinh lugng acid citric thich hop dé
diéu ché CTSK-CT.

- Xac dinh pHpzc va mot sb tinh chat vat Iy cua cac vét lidu vira duoc
diéu ché, khao st hinh thai bé mit, do pho hong ngoai FT-IR.

- Nghién ciru anh huong ctia cac thong sé nhu: thoi gian tiép xac, pH
dung dich, liéu luong chit hap phy, ndong do ion kim loai, nhiét do dung
dich thong qua qua trinh nghién ctu gidn doan va quy hoach thuc nghiém
(chi nghién ctru QHTN dbi v6i vat liéu hap phu 1a CTSK-CT). Xéac dinh
cac thong s6 nhiét dong QTHP cac ion kim loai 1én CTSK-CT.

- Nghién ctru can bang hip phu, dong hoc hip phu céac ion kim loai
U(VI), Cu(II), Pb(II), Zn(IT) va Cd(II) 1én cac vét liéu vira diéu ché.

- Nghién ciru hdp phu dong lién tuc cac ion kim loai U(VI), Cu(II) va
Zn(1II) trong cot nhdi CTSK-CT.

- Nghién ctru rira giai cdc ion kim loai sau khi bi hip phu vio cot nhoi
CTSK-CT.

- Xac dinh ham lugng cac ion U(VI), Cu(Il), Pb(Il), Zn(Il) va Cd(II)
trong mot s6 mau nudc (nudc song, nudce giéng khoan, nude may).

- Xac dinh hiéu suat tach loai cac ion U(VI), Cu(Il), Pb(Il), Zn(Il) va
Cd(IT) trong mau nudc thai cong nghiép.

5. Nhirng dong gép méi ciia ludn an

1. Pa diéu ché duoc chitosan khau mach gén acid citric, mot dan xuat
ctia chitosan, bén trong moi truong axit, c6 kha ning hap phu tét cac ion
kim loai U(VI), Cu(Il), Pb(II) Zn(II) va Cd(ID).



2. Luan 4n d4 xac dinh mot cach day dii cac anh hudng cia cac thong
s6 nhu pH, thoi gian tiép xtc, liéu lugng chat hap phu va kich thude vay
dén qué trinh hap phu cac ion kim loai U(VI), Cu(Il), b(Il) Zn(IT) va Cd(ID).
Xéc dinh co che hip phy, mé ta can bang hap phu va xac dinh dugc kha
nang hip phu téi da cua vat liéu da diéu ché d6i v6i cac ion kim loai nghién
ctru. Xac dinh cac thong s6 nhiét dong ctia qua trinh hap phu cac ion kim
loai U(VI), Cu(Il), Pb(Il) Zn(II) va Cd(II) 1én CTSK-CT.

3. Luén an ciing da nghién ctru anh hudéng cua Iuu lugng dong chay,
ndng do ban dau ion kim loai va chiéu cao 16p hip phu dén duong cong
thoat bang phuong phap hap phu cot cua cac ion kim loai U(VI), Cu(Il) va
Zn(II) 1én ¢t nhdi CTSK-CT.

4 Duya trén co so cac két qua nghién ctru dat duoc, ap dung xac dinh
lugng vét cac ion kim loai U(VI), Cu(Il), Pb(II) Zn(II) va Cd(II) trong cac
mau nudc may, nuoc giéng, nude song va tach loai cac ion kim loai trong
mot s6 mau nude thai..

6. B6 cuc luin 4n

Céu trac cta luan an gdm phin M¢ dau, ba chuong va két luan. Trong
do:

Chuong 1: Gom 21 trang, trinh bay tong quan chitosan va két qua
nghién ctru viée str dung chitosan va cac din xudt cia no trong hap phu
tach loai 1am giau ion kim loai.

Chuong 2: Gom 27 trang, trinh bay hoa chat can thiét, dung cu, thiét
bi, vatliéu va phuong phap nghién ctru.

Chuong 3: gdbm 74 trang, Trinh bay két qua nghién ctru va théo luan

Ngoai ra, ludn an con c6 myc lyc, danh sach bang, danh sach hinh, ky
hi¢u va chir viét tat, phu lyc (g6m 60 trang) va 112 tai liéu tham khao (bao
gom ca tiéng Viét va tiéng Anh). )

CHUONG 1. TONG QUAN

1.1. CHITOSAN VA DAN XUAT CUA CHITOSAN

1.1.1. Céu tric cia chitin, chitosan: Chitosan 1a mot copolymer phan hiy
sinh hoc bao gébm cic don vi D — glucosamin va N — acetyl — D -
glucosamin, 1 san pham thu dugc tir qua trinh deacetyl tich gdc acetyl
khoi nhém amino & vi tri C,. Pon vi cdu tao trong phan tir chitosan 1a D —
glucosamin. Lién két B - glucozit, mdi mat xich léch nhau 180° tao nén
mach xodn.
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1.1.2. Quy trinh sin xuit chitosan
1.1.3. Tinh chét Iy — héa ciia chitosan

Chitosan 1 chat ran x6p, nhe, hinh vay c6 thé xay nhé véi kich thudc
khac nhau. Chitosan c6 mau tring hodc vang nhat, khéng mui, khong vi, co
khéi lwong phan tir cao.Chitosan c6 cdu truc tinh thé, chitosan kho khong
c6 diém chay. Dung dich chitosan c6 d¢ nhét cao. Chitosan khong tan trong
nuée nhung tan dé trong cac dung méi hitu co nhu acid formic, acid adipic,
acid acetic...

Su hién dién ciia nhém amin ty do trong don vi D — Glucosamin co thé
dugc proton hoa trong mdi truong acid lam cho chitosan hoa tan dugc trong
moi truong acid lodng, tao thanh dung dich c6 pH khoang 4,0 — 6.4.

Chitosan tich dién duong do d6 n6 c6 kha ning lién két hoa hoc véi
nhitng chat tich dién 4m nhu chét béo, lipid, cholesterol, protein va céac dai
phan tir. Chitin va chitosan rat c6 ich vé mit thuong mai nhur 13 mot nguon
vat chat tu nhién do tinh chat dic biét cua ching nhu tinh tuong thich vé
mit sinh hoc, kha ning hap thy, kha ning tao mang va giit cac ion kim loai.
Hau hét nhitng phan g dic trung cla chitin ciing 14 phan Ung dic trung
cua chitosan. Ngoai ra, do chitosan c6 nhom amin béc I hién dién doc theo
chiéu dai mach phan tir nén tinh chat héa hoc ciia chitosan phong pht hon
nhiéu. D6 14 nhitng phan (mg dic trung cta nhém amin bac I nhu sy hinh
thanh mudi, sy khau mach...tao ra nhitng tng dung rong 16n cho polymer
nay.

1.1.4. Sy khau mach chitosan

Khau mach chitosan véi hai muc dich chinh: dé cai thién sy da dang
hap thu ion kim loai va dé lam ting d6 bén cua chitosan trong méi truong
axit. Qua trinh khau mach cta chitosan dugc thuc hién boi phan ing cua
chitosan va mot sd cac tic nhan khau mach 1a nhj chirc hodc don chirc. Qué
trinh khau mach c6 thé thuc hién theo phuong phap dong thé hodc di thé.



1.1.5. Mt s6 din xuét ciia chitin va chitosan

1.1.6. Ung dung ciia chitin/chitosan va din xuét ciia né

Do nhiing thudc tinh vat Iy va héa hoc cua chitosan ma né dugc su
dung trong nhiéu loai san pham va c6 nhiéu tng dung trong cong nghiép va
cudc séng nhu trong y duge, cong noéng nghiép, cong nghé in an, thyuc
pham v cong nghé moi truong...
1.2. KET QUA NGHIEN CUU VIEC SU DUNG CHITOSAN VA CAC
DAN XUAT CUA NO TRONG HAP PHU TACH LOAI LAM GIAU
ION KIM LOal

CHUONG 2. THUC NGHIEM

2.1. HOA CHAT, THIET BI VA PHUONG PHAP PHAN TiCH
2.1.1. Héa chit va thiét bi

> Céac dung dich chuin gbc U®, Cu*, Pb*', Zn*" va Cd** ndng
d61000ppm. Dung dich acid citric, arsenazo III, NaNQOs;, Na,SO,4, NaOH,
NaCl, KCl, CH;COONa, CICH,COOH dugc pha tir dang ran tuong ﬁng.
Dung c}ich glutglralandehyde, HNOs, H,SO,, CH3COOH va cac hoa chat
can thiét khac déu duoc st dung ¢ dang tinh khiét phan tich cia Merck.

~ » May do pH WTW 720 InoLAB, cén phan tich, can k§ thut, may
lac vong, may lac kém bé diéu nhiét, may cat nudc 2 lan, ti sy, may phan
tich cuc pho, may quang ph6 UV-VIS.
2.1.2. Phuwong phap phén tich

- Phuong quang phé hip phu ti ngoai kha kién (UV-VIS
spectrometry) xac dinh U(VI). Ion U(VI) tao phirc mau v6i Arsenazo-IIl
0,1% (w/v) trong mdi truong dém pH = 2,5 duoc pha ché twr CICH,COOH
va CH;COOH. B¢ hap thy mau cua phirc U(VI) — Arsenazo-11I dugc do &
budc song 652 nm. ‘

- Céc ion kim loai Cu(Il), Pb(Il), Zn(II), Cd(II) dugc phan tich bang
phuong phap Von-Ampe hoa tan anot (ASV) véi k¥ thuat von-ampe hoa
tan anot xung vi phan (DP-ASV), sir dung dién cyc lam viéc giot thuy ngan
treo (HDME). Quy trinh xac dinh Cu(ll), Pb(Il), Zn(1I), Cd(II) v6i cac diéu
kién tdi wu duge thyc hién theo hudng dan dinh kém ctia may 797 VA
Computrace (Metrohm Thuy Si).

2.2. VAT LIEU HAP PHU ,

biéu che chitosan khau mach (CTSK) va chitosan khau mach gan

acid citric (CTSK-CT)



Nghién chitosan thd vé dang c6 kich thuéc nho hon, sau d6 dem khau
mach véi tdc nhan khadu mach glutaraldehyde (5 g CTS + 75ml
glutaraldehyde 2,5% (v/v), thoi gian phan Gng 12 gid ¢ nhiét do phong)

Chon 1y miu CTSK c6 kich thugc vay 0,15 — 0,45mm dé diéu ché
chitosan khau mach gin acid citric. 6g CTSK cho tic dung véi 24ml dung
dich acid citric ¢cé cac néng do tir 1,0 — 3,0%, tron déu hdn hop va lic &
nhi¢t d phong trong vong 1 gio. Cho hén hop vao ti siy & 60°C trong
vong 5 gio, tach lay vat liéu va rira that sach lwong du acid bang nuéc cét,
sdy dén trong lugng khong doi ¢ 60°C, thu dwoc CTSK-CT c6 mau dé
tham.

Xéc dinh cac tinh chét cua vat liéu nhu do truong nude, do bén trong
mbi trudng acid, do d¢ acetyl hoa, 'kha nang hip phu ion kim loai, phan
tram glutaraldehyde va acid citric gin vao mach, xac dinh cdu tric cia vat
liéu bang pho hong ngoai, xac dinh hinh thai bé mat, pH tai diém dién tich
khong, dién tich bé mit riéng va khoi lugng riéng ciia vat liéu.

2.3. NGHIEN CUU HAP PHU GIAN POAN CAC ION KIM LOAI
LEN CTSK VA CTSK-CT

2.4. NGHIEN CU'U HAP PHU CAC ION KIM LOAI LEN CTSK-CT
BANG QUY HOACH THUC NGHIEM BOX-BEHNKEN DESIGN
(BBD) CUA PHUONG PHAP PAP UNG BE MAT (RMS)

2.5. KHAO SAT HAP PHU LIEN TUC CAC ION KIM LOAI LEN
CTSK-CT

2.6. NGHIEN CUU GIAI HAP

2.7. XAC PINH LUQNG VET CAC ION KIM LOAI TRONG MOT
SO MAU NUGC BANG PHUONG PHAP HAP PHU LAM GIAU
TREN VAT LIEU CTSK-CT.

2.8. XAC PINH HIEU SUAT TACH LOAI CAC ION U(VI), Cu(Il),
Pb(II), Zn(II), Cd(II) TRONG MQT SO MAU NUGC THAI



CHUONG 3. KET QUA VA THAO LUAN

3.1. PIEU CHE VAT LIEU CHITOSAN BIEN TiNH
3.1.1. Xac dinh d9 trwong nréc ciia cac miu CTSK

Két qua xac dinh do truong nudc (hinh 3.1) cho thiy do truong giam
dan khi ting nong d6 glutaraldehyde dung dé khau mach tir 0 — 3,5%.

8 60 CRHG
50 e

on 6 3 pH1
= = 40 ——pH2
=] =
= =30 .\ ——pH3
= 2 3 —»—pH 4
A =2

2 O = :

0 = - .

0 2 4 = 10 1 2 3 4
% glutaraldehyde ghép mach Luong glutaraldehydekhau. .

Hinh 3.1: D9 trrong nude cua CTSK Hinh 3.2. Lugng CTSK bi hoa tan theo moi

treong pH khac nhau

3.1.2. Xac dinh d§ bén trong méi trwong nuwéc c6 pH khic nhau ciia
mot s6 miu CTSK

Tinh tan cta cac mau CTSK dugc minh hoa ¢ hinh 3.2. Khi CTS dugc
khau mach vé6i nong d6 glutaraldehyde cang thap thi CTSK tan cang nhiéu
va khi méi trudong nude co pH cang thap, lwong CTSK bi tan cang tang.
Khi CTS dugc khéu mach v6i nong dd glutaraldehyde 2,5% thi gan nhu
khong tan trong méi truong nude c¢6 pH thap ngay ca pH = 0,3.

3.1.3. Xdac dinh d9 dé acetyl héa ciia cac midu CTSK

Hinh 3.3 1a sy phu thugc DDA theo liéu luong glutaraldehyde ting
dan. DDA giam dan khi ting lugng glutaraldehyde do mic d6 khau mach
tang.

3.1.4. Kha ning hip phu mdt s6 ion kim loai loai déi v6i cic miu
CTSK

Hinh 3.4 minh hoa kha ning hip phu ion kim loai ctia cac mau CTSK.
Nhin chung, khi ning hap phu ion kim loai ctia cac mau CTSK gidm dan
dang ké khi mirc @6 khau mach tang.

Duya vio két qua nghién ctru dat dugc ching toi chon glutaraldehyde
2,5% la lugng thich hop dé diéu ché chitosan khau mach
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Hinh 3.3. Sy phu thude DDA theo lidu lvong  Hinh 3.4. Hiéu sudt hdp phu cia céc ion kim loai 18n
glutaraldehyde ghép mach CTSK véi liéu lvong

3.1.5. Khio sat liéu hrgng acid citric dung dé ghép mach

Hinh 3.5 minh hoa kha nang hap phuy ion kim loai ctia cac miu CTSK
dugc gan voi acid citric 6 nong do khac nhau. Khi lwgng acid citric sir dung
trong phan Ung v6i CTSK tang, kha nang hap phuy ion kim loai cua vat liéu
tang lén dér}g 1,<é. Tu céc‘théng tin néu trén, chiing t6i,d€1 chon ndng d6 acid
citric 2% dé tién hanh dicéu ché chitosan khau mach gan acid citric.
3.1.6. X4c dinh phén trim glutaraldehyde gin trong mach CTSK va %
acid citric gan trong mach CTSK-CT.

Bang 3.1 trinh bay két qua xéc dinh phan trim glutaraldehyde (so vo1
CTS) gan trong mach CTSK v6i liéu glutaraldehyde 2,5% va phan tram
acid citric (so véi CTSK) gan vao mach CTSK-CT véi licu acid citric 2%.

100 3 Bang 3.1.

< g0 = % glutaraldehyde (so vdi CTS) da
e el Sl CTSK gin vao mach CTS
\(? ——Pb(II), 20mg/L
= 70 ——Cd(D),20mgL 3,84 +0.13

2 ~#-TI(VI), S0, % axit citric (so véi CTSK) dd gan
=R . ' 1| |cTsK-CT vio mach CTSK
% axit cit%c 28559 + 0:03

Hinh 3.5. HSHP ion kim loai cua
CTSK gan acid citric ¢ cac nong d¢ khac nhau
3.1.7. Khio sat ciu triic ciia vit lidu

Ph6 hong ngoai (FT-IR) ciia CTS, CTSK, CTSK-CT duoc dua ra ¢ cac
hinh 3.6.
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Hinh 3.6. Phé FT-IR ghép cia (a) CTS; (b) CTSK; (c) CTSK-CT

3.1.8. Xac dinh hinh dang va kich thuéc ciaa vt liéu

Anh chup hinh thai bé mit bang phuong phap chup SEM ciia miu
CTS, CTSK voi lugngglutaraldehyde 2,5% va CTSK-CT tng voi lugng
acid citric 2% duogc trinh bay ¢ hinh 3.7. Hinh 3.8 1a anh chup cac vat li¢u
CTS, CTSK va CTSK-CT.

Hinh 3 7. Anh SEM CTS do phong dai x3500 (A); Anh S’EM CTSK, do
phong dai x3500 (B); SEM CTSK-CT d¢ phong dai 1800 (C).



crs CTSK CTSK-CT
Hinh 3.8: Anh chup vat ligu CTS, CTSK va CTSK-CT
3.1.9. pH tai diém dién tich khong (pHpzc)

3.10 Hin.hnﬁghVé :: y=00375%- 0,730x2 + 4474x - 1,676 :i y=0.051x3-11{249889;26.718x-71283. il
. mi1 oa R?=0,984 0 =0 i
két qua xac dinh d’i , i -
pH tai diém dién % ¢/ Lsf
tich khong cua Z ;
CTSK va 0 ok
CTSK-CT. 02 4 6pmma 0 12 14 0 2 4 %Hd.;“? 0 12 14
3.1.10. Mot sb Hinh 3.9: pH,, cia CTSK Hinh 3.10: pH,, ctia CTSK-CT
tinh chit vat Iy ciia vat liéu

Bang 3.2’ Bing 3.2. Mdtsd thong so vat 1y cia vat iéu
trinh bay mot so Thong sb CTS | CTSK | CTSK-CIT
dac trung vat ly | Khéiluongriéng, mg/ml | 0,157 | 0,328 0.431
cua viat liéu CTS, Dién tich bé mit (m?/g) | 2.283 | 4,987 1,643
CTSK va CTSK- pH 7,56 | 7.13 6.41
CT. D6 am (% w/w) 6.87 | 7.80 9.08

3.2. NGHIEN CUU HAP PHU GIAN POAN CAC ION KIM LOAI
U(VI), Cu(Il), Pb(II), Zn(II) va Cd(II) BANG CTSK
3.2.1. Anh hwéng ciia thoi gian tiép xic

Hinh 3.11 cho thdy, thoi gian tiép xtc cang dai, kha ning hip phu
cang tang. Thoi gian tdi uu duoc lua chon cua vat lidu CTSK dé h'?ip phu
U(VI) 1a 600 phut, 360 phut ddi véi cac ion kim loai con lai.
3.2.2. Anh hwéng ciia pH

Két qua nghién ctru duge minh hoa & Hinh 3.12. Gia tri pH t6i wu qua
trinh hap phy Cu(II) va Pb(Il) 1a 6, ciia Zn(II) va Cd(II) 1a 7, ddi voi U(VI)
las.
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——U(VI)
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040 ?r%;x//*/: - Ph()40mgL
T 30 = Zn(Il) 20 mg/L
20 o —* Cd(I) 40 mg/L
0 200 400 600 800
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Hiéu sut hip phu (%)

—_
(=3
(=1

\

\
)

Cu(1l), 20 mg/L
—=—Pb(Il), 20 mg'L
——7Zn(II), 20 mg'L
= Cd(ID), 20 mg/L
—— U(VI). 20 mg/L

[ B
(=1 (=1
L L

(=1

T

0 2 4

pH 6 8

Hinh 3.11. Anh huong ciia TG

Hinh 3.12. Anh hudng cia pH

3.2.3. Anh huwéng kich thuée vay ciia vat liéu dén higu suit qua trinh
hép phu

Két qua dugc minh hoa & cac hinh 3.13; 3.14; 3.15; 3.16 cho théy,
KNHP cang cao va cang nhanh dat tdi trang thai can bang khi kich thudc
vay cang nho ddi voi hau hét cac ion kim loai nghién ctru. Chon vay CTSK
c6 kich thuéc 0,20 - 0,45mm cho céc nghién ciru tiép sau

]
=
|

b
=]
I

(=)
=
I

HS hép phu UV (%6
o
—

“——0,00-0.15mm —0.15-020mm

——0.20-045mm ——1045-060mm

——0,00-0,15mm _
~=-0,15-020mm _
0200 45mm

——045-0,60mm ~

HS hiip phu Cuf 1) (%)

0 T T 40 T

0 100 200 300 0 100 200 300
Hinh 3.13 Thati gian (phut) Hinh 3.14 Thoti gian (phif)
) g?ﬂ i it i
2 260 T e
£ S —
A, = 0,00-0,15mm 3301 ~—0,00-0,15mm
= éso - (,15-0 20mm 240 —0,15-0,20mm
& 4+ 020-0,45mm £30 4 ~—0,20-045mm
N ——045060mm | |= ——0,45-0.60mm
T 40 . — |20 . . .

0 100 200 300 0 100 200 300
Hinh 3.15 Thai gian (phit) Hinh 3.16 Théi gian (phit)

Hinh 3.13;3.14;3.15; 3.16 lan luot minh hoa anh huong cia kich thude vay CTSK
dén KNHP ciia U(VI), Cu(IT), Pb(ID), Cd(II)
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3.2.4. Anh hwéng liéu lwgng chit hiap phu dén KNHP

Hinh 3.17 cho thdy HSHP d6i véi
ion kim loai néi chung tang nhanh khi
lwong chat hip phu ting tir 0,05 dén
0,1g, khi tiép tuc ting lugng chat hip
phu, HSHP tang khong dang ké mic du
tiép tuc tang lugng chat hap phy. Doi
v6i cac ion Cu(ll), Pb(Il), Cd(Il), lugng
CTSK lya chon 1a 0,1g. Bi v6i Zn(ID)
14 0,2g. D6i v6i U(VI), lugng CTSK Iya
chon 12 0,05g.

,_.
[ =1
S S

<

Higu suéit hap phu (%)

[ B )
S o o
L L L

——Cu(Il), 40 mg/L
.. —E-DPy(ID),40mgL
—&—Zn(I1), 20mg/L
— % Cd(IT), 20mg/L
——UVI), 150mglL
: |

0 01 . 02 0.3 04
Khoi luwgng CTSK (g)

Hinh 3.

17. Anh hudqg cia lidu luong CTSK dénkha
néng héap phu céc ion KL

3.2.5. Nghién ciru dong hoc hip phu ciia cic ion kim loai dén CTSK
Cac hjnh 3.18; 3.19; 3.20; 321 1a phuorng trinh tuyén tinh dong hoc
gia bac nhat va gia béc hai lan lugt qua trinh hap phu U(VI), Cu(Il), Pb(II)

va Cd(II) 1én CTSK.
40 15 + U(VT) 60 mg/L.
g | 1B e

— -
230 \\ o mg
top - z
E o U(VD) 60 mg/L =% S5

1.0 1 = U(VD 80 mg/L g

4 U(VD) 100 mg/L
00 4 : . 0 - ' ' i
0 200 400 600
(A Thii piarl(pRG) 4001 (@) Thei gian (phit)
Hinh 3.18. Db thi phwong trinh gia bac nhét (A) va béc hai (B) d6i vdi qua trinh hép
phu ion U(VI) lén CTSK
4 - o Cu(T) 20 mg/L 50 1+ Cu(D 20 mg/L
w Cu(Il) 30 mg/L , —— Cu(Il) 30 mg/L

2 -M a Cu(l) 40 mg/L 2407 4 Cu 40 mgL
o 0 . ; .| ® 30
k=2 5
.5 4 300 400 | g 20
g, £ 10

| 0 T T T T T 1
. 100 200 300 400 500
g (A Thai gian (phit) (B Thoi gian (phit)

Hinh 3.19. B4 thi phurrong trinh gia bac nhit (A) va bac hai (B) dbi véi qua trinh hap
phu ion Cu(Il) 1én CTSK

Co thé thay rang, md hinh dong hoc hap phu gia bac hai cho méi quan
hé tuyén tinh ddi v6i tit ca cac ndng d6 khao sat cua cac ion U(VI), Cu(Il),

Pb(II) va Cd(II).
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Hinh 3.20. Db thi phwong trinh gia bac nhét (A) va bic hai (B) d6i vdi qua trinh hdp phu
ion Pb(ID) 1én CTSK

3
2
g SN meew
I e
& -l 100 200 o
2 2]  cdaD 20 mgL
& 2] = CdiD30mgL
5]« cdD 40 mg/L .
-6 (A

.80  COd(IT) 20 mg/T.
B = Cd(O) 30 mg/L
w90 7 & cdm 40 mg/L'//‘
340
] 20
3
o - . . . : |
¢ 100 200 300 400
®B) Thoi gian (phit)

500

Hinh 3.21. B4 thi phwong trinh gia bac nhat (A) va bac hai (B) d6i véi qua trinh hdp phu
jon CA(IT) 1én CTSK

3.2.6. Nohién ctru cAn bing hip phu

Cac hinh 3.22; 3.23; 3.24; 3.25; 3.26 lan lwot mo ta cac duong dang
nhiét phi tuyén can bang hap phu  U(VI), Cu(Il), Pb(Il), Zn(II) va Cd(II)
lén CTSK. C6 thé thay ca bon mé hinh déu mé ta t6t qua trinh hap phu ctia
CTSK dbi v6i cac ion kim loai. Ttr mé hinh dang nhi¢t Langmuir xac dinh
duogc dung lugng hép phu cuc dai cia CTSK ddi véi U(VD), Cu(ll), Pb(ID),
Zn(Il) va Cd(II) 1an luot 1a 130,5; 33,9; 35,5; 14,4 va 35,1 mg/g.

150 4
5 0
g -
Tgh 100 ~ ——Thycnghi¢m
= —=-—Tangmuir
2 50 A —+—Freundlich
——Redlich-Peterson
—+—Temkin
0 T T T 1
0 100 200 300 400
Hinh 3.22 Ce (mg/L)
35 35
30 o ) 30 -
25 N 25 -
_ = e Uil
220 77 ——Thucnghitm 520 —+— Thye nghiém
Z15 A —=— Langmuir E 15 4 —&—Langmuir
\;1 0 /.' —a&— Freundlich o 10 4 —a&— Freundlich
=5 Y —x— Dredlich-Peterson — Redlich-Prerson
5 Temldin 57 Temkin
0 T T T 1 0 T T T ]
0 10 20 30 40 0 10 20 30 40
Hinh 3.23 Ce (mg/L) Hinh 2.24 Ce (mg/L)
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3.3. NGHIEN CUU HP GIAN POAN CAC ION KIM LOAI U(VI), Cu(Il),
Ph(II), Zn(II) va Cd(I) BANG CHAT HAP PHU CTSK-CT

3.3.1. Anh huéng cua pH

Két qua duoc minh hoa ¢ hinh
3.37. Co thé thiy ddi v6i sy hap phu
ion Pb(I) va Cd(II), HSHP giam khi
pH giam. Déi v6i sy HP U(VI) va
Cu(II), khoang pH t6i wu kha rong tir
pH = 4 dén pH = 6. D4i voi sy hap
phu ion Zn(II) HSHP tang dan khi pH
dau tang tir 1 den 5 va gan nhu khong

d6i khi pH dau tiép tuc ting dén 7.

3.3.2. Anh huéng cua thoi gian tiép xic

Két qua duwoc minh hoa & hinh
3.38, cho thiy, TG dé dat can bang
HP d6i v6i ion U(VI) c6 ndng d6 ban
dau 150mg/L 1a 660 phut, ddi véi
Cu(Il) c6 ndng d6 ban ddu 100 mg/L
1a 360 phut, d6i voi cac ion Pb(II),
Zn(1I) va Cd(II) co6 nf)ng d6 ban dau

—— Cu(Il} 60 mg/L.
—+—Pb(Il) 20 mg/L
——Zn(Il) 20 mg/L
——Cd{Il) 20 mg/L.
——TU(VI) 100 mg/L

Hiéu sut hap phy (%)
(=23
(==

Hinh 3.27. Anh hwéng ctia pH dén KNHP
cac ion KL cia CTSK-CT
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Hinh 3.28. Anh hudng cta TG tiép

40 mg/L déu dat can bang hap phu tai  xuc dén KNHP ion KL ctia CTSK-CT

thoi gian 420 phat.
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3.3.3. Anh hwéng liéu lwgng chat HP dén hiéu suit QTHP

Két qua nghién ctru d6i véi U(VI) minh hoa & hinh 3.29, doi voi sy
hip phu cua cac ion Cu(Il), Pb(Il), Zn(Il) va Cd(II) minh hoa & hinh 3.30.
Két qua cho thay KNHP tang khi lwong chat hap phu ting.

3.3.4. Anh hwéng ciia nhiét o

Két qua nghién ctru (toan vin trong luan an) cho thay, kha ning hap
phu cia CTSK-CT ddi véi cac ion U(VI), Cu(1l), Pb(1l), Zn(II) va Cd(II)
tang khi nhiét do dung dich ting va qua trinh hap phu cia CTSK-CT ddi
cac ion Cu(Il), Pb(Il), Zn(Il) va Cd(Il) ciing la qua trinh thu nhiét, ty xay
ra trong khoang nhiét do nghién ctru (293 K — 313 K) va tdc d6 hip phu
tang theo nhi¢t do tang. AG c6 gia tri &m & cac nhi¢t d6 nghién cliu va gia
tri &m cang tang khi nhiét 46 dung dich tang. Gia tri AH va AS duong.
3.3.5. Nghién ciru dong hoc hip phu

Két qua nghién ciru (toan vin trong luan 4n) cho thay ring moé hinh
hap phu gia bac hai 1 mo ta tt nhit cho qué trinh hip phu céc ion U(VI),
Cu(1l), Pb(1l), Zn(I) va Cd(Il) Ién CTSK-CT, ching t6 hip phu ion kim
loai 1én bé mit CTSK-CT 1a hap phu héa hoc da dugc xac nhan
3.3.6. Nghién ciru cAn bang hip phu

Tir két qua (toan vin trong luan an) c6 thé noéi, ci bén md hinh dang
nhiét Langmuir, Freundlich, Redlich- Peterson va Temkin déu mé ta tot
cho qua trinh hip phu ion Pb(Il) va Zn(Il). Cac moé hinh Freundlich,
Redlich- Peterson va Temkin md ta cho sy hap phu U(VI), md hinh
Freundlich, Redlich- Peterson md ta cho su hép phu Cu(Il), mé hinh
Langmuir, Freundlich va Temkin mé ta cho sy hap phu Zn(Il) 1én CTSK-
CT. Bang 3.3 1a dung lugng hip phu cuc dai cia CTSK va CTSK-CT déi
v&i céc ion kim loai nghién ctru.

3.4. NGHIEN CU'U HAP PHU CAC ION KIM LOAI LEN CTSK-CT
BANG QUY HOACH THUC NGHIEM BOX-BEHNKEN DESIGN
(BBD) CUA PHUONG PHAP PAP UNG BE MAT (RMS)

Nghién ctru quy hoach thyc nghiém BBD di thiét 1ap dugc phwong trinh
hdi quy da bién bac hai qua trinh hap phu cac kim loai U(VI), Cu(II), Pb(II),
Zn(II) va Cd(IT) bang CTSK-CT (toan vin duoc trinh bay trong ludn an).
Bang 3.4 trinh bay gi4 tri tdi uu hoa cac thong s qué trinh hip phu cia cac
ion kim loai 1én CTSK-CT.
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Bang 3.3. Dung lugng hap phu cyc dai cta chitosan va chitosan
bién tinh doi véi cac ion kim loai

STT Vit liéu hap phy Chat | Kha niang hap phu | Tai liéu
hip phu t6i da tham khao
1 | Chitosan Cd(II) 5,93 mg/g [11]
2 | Chitosan-PVC dang hat | Cd(Il) 120,5 mg/g [11]
3 | Chitosan Cu(1) 137 mg/g [11]
4 | Chitosan-PVC dang hat | Cu(Il) 87,9 mg/g [11]
5 | Chitosan-ECH Cu(l) 35,46 mg/g [12]
6 | Chitosan dang hat Cu(1) 33,44 [106]
7 | Chitosan/PVA dang hat | Cu(Il) 47,85 [106]
8 | Chitosan dang hat chua | Cu(Il) 80,71 mg/g [104]
khau mach
9 | Chitosan-GLA Cu(1) 59,67 mg/g [104]
10 | Chitosan-ECH Cu(l) 62,47 mg/g [104]
11 | Chitosan-EGDE Cu(l) 45,95 mg/g [104]
12 | Chitosan Cu(1) 80 mg/g [87]
13 | Chitosan-ECH Cu(1D) Xap xi 80 mg/g [87]
14 | Chitosan-ECH Pb(1l) 34,13 mg/g [12]
15 | Chitosan dang vay Pb(1l) 7,27 mg/g [107]
16 | Chitosan dang hat Pb(II) 35,21 mg/g [107]
17 | Chitosan U(VD) | 317 mg/gtaipH 5 [32]
18 | Chitosan-ECH U(VI) 72,46 mg/g [30]
19 | Chitosan Zn(II) 75,0 mg/g [11]
20 | Chitosan-ECH Zn(II) 10,21 mg/g [12]
21 | KCTS Zn(II) 20 mg/g [24]
22 | HKCTS Zn(Il) 20 mg/g [24]
23 | Chitosan Zn(Il) |1,2095 mg/g 6 303K] [50]
24 | CTSK U(VI) 130,5 mg/g Luén an
25 | CTSK-CT U(VI) 209,2 mg/g Luén 4n
26 | CTSK Cu(l) 33,9 mg/g Luén 4n
27 | CTSK-CT Cu(I) 119,0 mg/g Luén 4n
28 | CTSK Pb(1l) 35,5 mg/g Luén an
29 | CTSK-CT Pb(1l) 105,2 mg/g Luén an
30 | CTSK Zn(II) 14,4 mg/g Luén an
31 | CTSK-CT Zn(Il) 82,5 mg/g Luén an
32 | CTSK Cd(I) 35,1 mg/g Luén 4n
33 | CTSK-CT Cd(II) 102,4 mg/g Luén an
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Ghi chu:
Chitosan/PVA: dan xudt chitosan dwoc tong hop tir phan img cia dung
dich chitosan va poly (vinyl alcohol)
Chitosan-ECH: Chitosan khau mach epichlorohydrin
Chitosan-EGDE: Chitosan khdu mach ethylene glycol diglycidyl ether
Chitosan-GLA: Chitosan khdau mach glutaraldehyde
Chitosan-PVC: Chitosan duoc boc boi poly vinyl chloride
KCTS: duwoc tong hop tir phan img ciia chitosan va acid a-ketoglutaric
HKCTS: dwoc tong hop tir phan img cia KCTS va
dicyclohexylcarbodiimide va hydroxylamine hydrochloride

Bing 3.4. Cac gi4 tri toi uru hoa cac thong s6 qua trinh hip phu

Thongsd | UVD) | Cu@) | Pb(l) | Zn() | Cd(Il)
pH 42 45 5,0 6,1 7,0
Co(mg/L) | 100,0 74,8 20,0 20,0 20,0
T (K) 323 313 313 323 309

t (phtt) 211 150 180 150 180,00

Y(%) 97,35 99,99 98,76 96,04 96,36

3.5. NGHIEN CUU HAP PHU LIEN TUC CAC ION KIM LOAI
U(VI), Cu(Il) VA Pb(II) TREN COT NHOI CTSK-CT
3.5.1. Nghién ciru hip phu dong lién tuc U(VI) Ién ¢t nhdi CTSK-CT
3.5.1.1. Anh huéng ciia lvu lugng qua cot

Két qua duogc thé hién qua hinh 3.31. Khi dung dich U(VI) chay qua
cdt voi cac luu lugng 1a 5, 10 va 15 mL/phut thi thoi gian tai diém thoat
tuong ung dat dugc lan luot 1a 18,83; 5,58; 2,25 gio. Nhu vay, diém thoat
xay ra sdm khi Ivu lugng qua cdt tang.
3.5.1.2. Anh huéng ciia ndong do dau U(VI)

Hinh 3.32 minh hoa anh hudng cta nong d6 dau vao ciia U(VI) bang
100, 150 va 200 mg/L dén thoi gian diém thoat ciia qua trinh hip phu
U(VI). Tir két qua cho thay, thoi gian dat dén diém thoat thu duoc sau 8,67;
5,58 va 3,40 gio twong ng voi nong do ban dau caa U(VI) bang 100, 150
va 200 mg/L.

1 -
08 0,8
o 06
%00,6 %
o4 ¢ 5 mlrphit 3 o4 |
0,2 gy ]Or‘[ﬂ#”phﬁt 0z 1
—— 15 ml/phit
0 ) |
o 10 20 30 40 0 s 1 y
Hinh 3.31 Thei gian (gid) Hinh 3.32 Theri gian(git)
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3.5.1.3. Anh huéng ciia chidu cao 16p hép phu

Hinh 3.33. m6 ta 4nh hudng cua
chiéu cao 16p hip phu dén thoi gian
cia diém thoat qua trinh hip phu
dong lién tuc U(VI) qua cot nhdi
CTSK-CT. Két qua cho thiy cing
voi sy ting chiéu cao cua 16p hép phu
la 8 12, 16 cm, thoi gian dat dén
diém thoat ciing ting lén lan luot 1a
4,08; 4,86 va 5,58 gio.

1

—— C§t 8 cm
—=—Cftl2cm
—=— C§t 16 cm

0.8

0,6

Ct/Co

0.4
0,2

] o . ;
] 5 10 15
Hinh 3.33 Thirl gian (g8

3.5.2. Nohién ctru hidp phu dong lién tuc Cu(Il) 1én ¢ét nhdi CTSK-CT

3.5.2.1. Anh huéng ciia hru lwong qua

cot

Két qua duoc thé hién qua hinh 3.34. C6 thé nhan thay, khi dung dich
Cu(Il) chay qua cdt vdi cac luu lugng la 5, 10 va 15 mL/phut thi thoi gian

tai diém thoat twong ung dat duoc lan lu

ot 1a 205; 81; va 37 phut.

1
0,8
§ 0,6
S o4 —e— Smlfphut
09 —6— 10 mlfphit
’ —&— 15 m1/phiit
0 T T |
0 100 o zo0 300 400
Hinh 3.34 Thir gian (phit)

1 -
0.8

Ct/Co

° o o
o MR O

0 200 400 600
Hinh 3.35 Théi gian (phit)

3.5.2.2. Anh hwéng ciia nong do dau Cu(ll)
Hinh 3.35 minh hoa anh hudng cia ndng do dau vao cua Cu(ll) tuong
{mg bang 50, 100 va 150 mg/L dén thoi gian diém thoat cua qua trinh hap

phu Cu(ll) qua cot nhdi CTSK-CT. Tir

két qua cho thiy, thoi gian dat dén

diém thoat thu duoc sau 412; 208 va 139 phut trong ng v6i ndong d6 ban
dau ctia Cu(II) bang 50, 100 va 150 mg/L.

3.5.2.3. Anh huéng ciia chidu cao 16p hip phu

Hinh 3.36. dua ra anh hudng cua
chiéu cao 16p hap phy dén thoi gian ciia
diém thoat qua trinh hép phu dong lién
tuc Cu(ll) qua cot nhdi CTSK-CT. Két
qua cho thiy cung V41 sy tang chiéu
cao ctia 16p hap phu 1a 12, 16, 20 cm,
thoi gian dat dén diém thoat ciing ting
1én 1an luot 1a 208; 276 va 354 phut.
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3.5.3. Nghién ciru hip phu dong lién tuc Zn(II) 1én ¢t nhoéi CTSK-CT
3.5.3.1. Anh huéng ciia lwu lugng qua cot

Két qua nghién ciru tmg véi luu lugng chay qua cot véi toe do 5, 8 va
10 mL/phut dugc minh hoa ¢ hinh 3.37. Khi dung dich Zn(II) chay qua cot
vo1 luu luong thay doi tir 5, 8 va 10 mL/phut, thi thoi gian tai diém thoat
tuong trng dat dugc lan luot 1a: 108, 59 va 44 phat.

11 11
0.8 08 -
80,6 s 06
= —— 35 mlphit =
oo O |
; 10 milfphit 04 = Za(D) 100 mglL
02 _ —— 8 mlfphiit 02 A ——In() 50 mgL
TV ~"Zn(T) 150 mg/L.
0 T T 1 0 T T T 1
0 100 200 300 400 0 100 200 300 40 500
Hinh 337 Thoigion Ghit) Hinh 3.38 Tuti gan ()

3.5.3.2. Anh huéng ciia ndong do dau Zn(II)

Két qua nghién ciru anh huéng cta nong do déjlu vao cua Zn(Il) Gng
v61 50, 100 va 150 mg/L minh hoa ¢ hinh 3.38. Két qua nghién ctru cho
thay thoi gian dat dén diém thoat thu duoc sau 218; 108 va 89 phut tuong
ung vdi nong do ban dau cua Zn(II) bang 50, 100 va 150 mg/L.
3.5.3.3. Anh huéng ciia chidu cao 16p hép phu

Két qua nghién ctru anh
hudng cta chiéu cao 16p hap 14
phu tuong tng 12, 16, 20 cm 0.8 -
lan lwot ghrgc minh h()’fl ¢ hinh ’
3.39. Két qua cho thay cung |9
VOl sy tang chiéu cao cua lop | 04 7
hap phu 1a 12, ) 16 \{é 20cm, 0.2 -
thoi gian dat dén diém thoat
cling ting 1én lan luot 1a 108;
3.6. GIAI HAP
3.6.1. Két qua gii hip U(VI)

Hinh 3.40 trinh bay két qua giai hap U(VI) bang dung dich NaHCO;
0,2N. Két qua cho théy, véi 130 ml NaHCOs; 0,5N la cé thé giai hap toan
bd lwong U(VI) da bi hap phu vao vat li¢u.
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3.6.2. Két qua giai hip cac ion Cu(II), Pb(II), Zn(II) va Cd(II)

Hinh 3.41 trinh bay két qua giai hap d6i voi cac ion Cu(Il), Pb(Il),
Zn(IT) va Cd(II) bang dung dich HNO; 0,1N. Két qua cho thiy, d6i voi hau
hét cac ion kim loai nghién ciru, Vi khoang 140 ml HNO; 0,1N c6 thé giai
hap cac ion Pb(Il), Zn(1l), Cd(1l) da hap phy bdo hoa vao 1g CTSK-CT va
d6i voi Cu(ll) 1a 160ml. Két qua nghién ctru giai hip cac ion kim loai cho
thdy c6 thé st dung vét liéu CTSK-CT vao muyc dich hip phu dé tach lam
giau ion kim loai cho k¥ thuat phan tich lugng vét ion kim loai.

3 500 .
£ 400 ]
E 300 =
2 200 £
© kY
= 100 5
z o
«(g 04 T ¢ * 1 o
Z o
0 50 100 150 200 | |2 o4
Theé tich NaHCO3 gidi ly (ml) 00 4 Ihetmh]-ﬂ%() (1%0 120 140 160

Hinh 3.40. Két qua giai hip U(VI) Hinh 3.41. Két qua giai hap cac ion
ra khoi vat liéu hap phu CTSK-CT Cu(1D), Pb(II), Zn(1l) va Cd(II)

3.7. Két qua xac dinh nong dd cac ion U(VI), Cu(II), Pb(II), Zn(II) va
Cd(II) trong mdt s6 miu nuée

Bang 3.5 trinh bay két qua xdc dinh ndéng d6 cac ion U(VI), Cu(1l),
Pb(II), Zn(II) va Cd(II) trong céc miu nudc may, nude sdng va nude gieng.

Do cac ion c6 nong do luong vét, dudi ngudng phat hién cua may
phan tich nén dwoc lam giau bang phuong phap hip phu trén vat liéu
CTSK-CT. Bang 3.6 la két qua xac dinh ndng d6 cac ion kim loai trong cac
miu phan tich da duoc lam giau.

Két qua phén tich cho thiy, ham luong Zn(1l) trong cac mau nudc
may, nudc giéng va nudc song kha 1on, cd thé xac dinh tryc tiép bang
phuong phap von-ampe hoa tan. Tuy nhién, ham lugng Zn(Il) c6 trong cac
mau nuéc may va nuoc gleng déu ndm trong giéi han cho phép theo tiéu
chuan Viét Nam vé nuéc uéng (QCVN 01: 2009/BYT), ham lugng Zn(II)
trong nudc séng ciing nam trong gidi han A, ciia quy chuan VN vé nudc
méat (QCVN 08-2008 BTNMT). Ham lugng cac ion Cu(Il), Pb(Il) va Cd(1l)
trong cac mau nudc may va nude giéng déu nim trong gidi han cho phép
theo quy chuan Viét nam vé nuéc udng (QCVN 01: 2009/BYT), ham lugng
cac ion Cu(Il), Pb(Il) va Cd(II) trong nudc song ciing nam trong giGi han
A, cia quy chuin VN vé nuée mit (QCVN 08-2008 BTNMT).
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Bang 3.5. Két qua xac dinh so bé ndng dé cac ion trong cdc mau nrdc

Ham lugng, pg/L Nude may Nudce giéng Nude séng

U(vID) Lwong vét Luong vét Lwong vét

Cu(ID) Lugng vét Luong vét Luwong vét

Pb(ID) Luong vét Luong vét Luong vét

Cd(ID) Luong vét Luong vét Luong vét

Zn(ID), mg/L 0,056+ 0.006 0.009 = 0,001 0.017 £ 0,003
Bing 3.6. Két qua xac dinh nédng dd cac ion trong cac mau nuwdc sau khi dwgce 1am giau

Ham lwrong, pg/L Nudc may Nudc giéng Nuée séng
uvI) 0.22 £ 0.06 0.35+002 0,55+ 0,02
Cu(In) 3,64+ 023 1.05+ 0,03 2,00+ 0,56
Pb(ID) 0,84 +=0,02 0.93 + 0,04 1.84+ 0,12
Cd(I1) 0,12+ 0,01 0.11 +£0,01 0,07 £ 0,01

3.8. Két qua xac dinh hi¢u sudt tich loai cac ion U(VI), Cu(II), Pb(II),
Zn(IT) va Cd(II) trong mau nuwéc thai cong nghiép

Quy trinh x4c dinh hi¢u suét tach loai cac ion U(VI), Cu(Il), Pb(II),
Zn(II) va Cd(I) trong mdt s6 mau nudc thai cong nghiép dugce trinh bay &
chuwong 2, myc 2.7 (toan van trong luan an). Bang 3.7 1a két qua xac dinh
so bo ham lugng cac ion kim loai va hiéu suit tach loai cac ion kim loai
trong moi truong nudc thai. Két qua cho thiy, hiéu suat tach loai cac ion
kim loai trong méi truong nudc thai dat kha cao trén 99% . Tur két qua
nghién curu dat dugc cho théy c6 thé st dung vat ligu CTSK-CT dé loai bo
cac ion kim loai U(VI), Cu(Il), Pb(Il) va Zn(II) ra khdéi moéi trudong nude bi
6 nhiém.

Bing 3.7. Két qua xac dinh hiéu suét tach loai cac ion KL trong cac mau nudc thai

Ham lwong céac ion KL KCN KCN KCN

mg/L Quan 9 Nhon Trach Bién Hoa

VD) Co+£ Sp (mg/L) Luong vét Lugng vét Lugng vét
Hiéu suat = SD, % | 99,98 £ 0,03 99.96 £ 0,04 99,97 £ 0,03

s Co+SD (mgll) | 0.23+0.08 0,19 = 0,09 0,31 0,07
Hiéu suat = SD. % | 99.96 £ 0,05 99.94 +£ 0,08 99.98 £ 0,04
Pb(D Co £ SD (mg/L) 0,18 0,07 0,11 0,09 0,09 = 0,05
Hiéu suat = SD. % | 99,46 £0.10 99.44 £ 0,12 99.30 £ 0,11

_— Co = SD (mg/L) 0,47+ 0,06 0,75 £ 0.05 0,59 0,04
Hiéu suat = SD. % | 99.50 £ 0,13 99.48 £ 0,09 99,30 £ 0,12
cam Co £ SD (mg/L) 0,05+ 0,01 0,04 = 0.02 0,07 £0,01
Hiéu suat £ SD, % | 99.12 £ 0,13 99.06 £ 0,12 99.10+0.14
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KET LUAN VA KIEN NGHI

< KET LUAN

Luén an thyc hién vi€c nghién ctu diéu ché su dung mot sb hop chét
chitosan bién tinh dé tich va lam giau cac nguyén té hoa hoc véi cac két
qua dat duoc nhu sau:
1. Tu chitosan, sit dung phuong phap khau mach hoéa hoc, chung t6i da
diéu ché duoc chitosan khau mach véi tac nhian khau mach glutaraldehyde
(5 g CTS + 75ml glutaraldehyde 2,5% (v/v), thoi gian phén Gng 12 gio ¢
nhiét d6 phong) va chitosan khiu mach gin acid citric bén trong méi
truong acid (6 g CTSK + 24 ml acid citric 2% (w/v), lac ¢ nhiét do phong
khoang 1 gio, phan trmg & 60°C khoang 5 gio) va da khao sat chi tiét vé dic
trung cua vat ligu.
2. Di nghién ctu day du cac tham sé anh huong dén qua trinh hip phu
ion kim loai cua ca hai vat liéu. Ddi voi CTSK, cac tham sb nhu pH, thoi
gian tlép xuc va lidu lugng chat hap phu déu anh hudng dang ké dén hi¢u
qua hap phy cac ion kim loai U(VI), Cu(Il), Pb(1l), Zn(II) va Cd(1I). pH ma
tai d6 qua trinh hip phu ctia CTSK dat hiéu suat cao ddi voi ion U(VI) 1a 5
d6i vai Cu(II), Pb(II) 1a 6 va Zn(IT), Cd(IT) 1a 7. Thoi gian dat trang thai can
bang hip phu déi vai U(VI) 1a 660 phat, con d6i véi cac ion Cu(Il), Pb(II),
Zn(Il) 1a 360 phuat, d6i vai Cd(IT) 1a 420 phat. Lugng chat hap phu cang
tang, kha ning hip phu cang cao.
3. DOdi voi chat hip phu 1& CTSK-CT, nghién ctru xac dinh anh hudng
ctia cac tham sd duoc thyc hién theo cé hai cach, nghién ctru theo phuong
phép c6 dién (anh huong riéng 18 tirmg tham sd) va bang quy hoach thuc
nghiém Box-Behken ctia phuong phap dap ung bé miat. Nghién ctru theo
phuong phap c6 dién di xac dinh dugc pH ma tai d6 qua trinh hip phu cia
CTSK-CT dat hiéu suat cao dbi voi ion U(VI) 1a 4, d6i véi Cu(ll) 1a 4-6,
d6i vai Pb(II) 1a 6, d6i vai Zn(IT) 14 5-6 va d6i vai Cd(ID) 1a 7. Thoi gian dat
trang thai can bang hip phu dbi véi U(VI) 1a 540 phut, con dbi véi cac ion
Cu(II), Pb(I) 1a 360 phut, ddi v6i Zn(IT) va Cd(II) 1a 420 phut. Lugng chat
hap phu CTSH-CT cang tang, kha ning hip phu cang cao. Nghién ctru theo
phuorng phap QHTN di xic dinh dugc anh hudng cua cac tham sb riéng
biét va anh huong két hop cia cac tham sé dén hiéu suat hip phu. Dung
lugng hap phu cuc dai cac ion U(VI), Cu(ll), Pb(Il), Zn(Il) va Cd(Il) ¢ gia
tri pH t6i wu lan lugt 1a 4,2; 4,5; 5,0; 6,1; va 7,0. Nong do cac ion kim loai
tai d6 cho hiéu suat hap phu 14 cuc dai 1a 100 va 75 mg/L lan lugt ddi véi
ion U(VI) va Cu(Il), 20 mg/L d6i Vi ca ba ion Pb(Il), Zn(II) va Cd(Il).
Nhiét do dung dich tai d6 hiéu suat hap phu dat cuc dai d6i voi cac ion
U(VI) va Zn(II) 1a 50°C, d6i véi ion Cu(II) va Pb(II) 1a 400C dbi véi Cd(IT)
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1a 36°C. Trong khoang thoi gian nghién ctru, thoi gian tai d6 higu suat hap
phu dat cuc dai déi v6i U(VI) 1a 211 phat, déi véi Pb(I) va Cd(II) 1a 180
phut, dbi voi Cu(Il) va Zn(II) 1a 150 phit.

4. Két qua nghién ciru dong hoc hap phu dyua vao phuong trinh gia bac
nhit va gia bac hai cho thiy qua trinh hip phu cia cac ion U(VI), Cu(l),

Pb(II), Zn(Il) va Cd(II) 1én ca hai vat liéu CTSK va CTSK-CT déu tudn
theo dong hoc gia bac hai. Nghién ctru dang nhiét hip phu cho thiy qua
trinh hip phu cua CTSK dbi v6i cac ion U(VI), Cu(Il), Pb(Il), Zn(Il) va
Cd(r) déu tuan theo cac md hinh Langmuir, Freundlich, Temkin va
Redlich-Peterson. Ddi véi vat liéu CTSK-CT c¢6 su khac biét, vdi cac ion
UI(VI), Pb(Il) va Zn(Il), qua trinh hdp phy tudn theo ca bén mo hinh
Langmuir, Freundlich, Temkin va Redlich-Peterson. Vi ion Cu(Il), qua
trinh hap phu chi tuan theo md hinh dang nhiét Freundlich va Redlich-
Peterson, chi tudn theo mo6 hinh Langmuir va Temkin khi dung dich nghién
ctru chira lugng bé Cu(Il). Véi ion Cd(II) qua trinh hip phu khong tuan
theo mo hinh Redlich-Peterson. Kha nang hép phu cuc dai cia CTSK ddi
voi U(VI), Cu(ll), Pb(Il), Zn(Il) va Cd(II) lan luot 1a 130,5; 33,9; 35,5;

14,4 va 35,1 mg/g. Kha nang hap phu cuc dai ciia CTSK-CT dbi voi U(VI),

Cu(II), Pb(II), Zn(IT) va Cd(II) lan lugt 1a 209,2; 119,0; 105,2; 82,5va 102,4
mg/g.

5. Phuong phap hap phu dong lién tuc cac ion U(VI), Cu(Il) va Zn(II) trén
cot nhoi chat hap phu CTSK-CT da dugc nghién ctru voi cac anh huong
cta luu lwong qua cot, ndong d6 ion kim loai ban dau va chiéu cao 16p hip
phu dén thoi gian phuc vu. Trén co s& cta duong cong thoat. Thoi gian cia
diém thoat da duoc xac dinh. M6 hinh Borhan-Adam dugc ap dung dé xac
dinh cac tham sb cua cot hép phu. Lya chon ty s6 C,/C, thich hop, ching t6i
da xac dinh duoc cac tham sd trong mo hinh phan tich thoi gian phuc vu.
Pay 1a co s¢ dé xac dinh thoi gian dat dén diém thoat trong thiét ké cot xir
nudc chira ion kim loai ma khong can phai nghién ciru lai.

6. Nghién ctru giai hip cho thiy, voi 130 ml NaHCO; 0,2N c6 thé giai
hdp toan bd lugng U(VI) di hip phu bio hoa vao 1 g CTSK-CT. Voi
khoang 140 ml HNO; 0,1N c6 thé giai hdp cac ion Pb(II), Zn(II), Cd(II) da
hap phu bio hoa vao 1g CTSK-CT va dbi voi Cu(Il) 1a 160ml.

7. Pa xac dinh nong d6 luong vét cac ion U(VI), Cu(ID), Pb(II) Zn(II) va
Cd(II) trong mot s6 mau nudc bang phuong phap hap phu lam gidu qua cot
nhdi CTSK-CT. Pi xac dinh dwoc higu suét tach loai cac ion kim loai
U(VI), Cu(Il), Pb(Il), Zn(I) va Cd(II) trong mot sé6 mau nude thai cong
nghiép.
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23 KIEN NGHI HUONG NGHIEN CUU TIEP THEO
L. Tiép tuc khao sat kha ning hap phy cua vat liéu CTSK-CT dbi véi
cac ion kim loai khac.
2. Tiép tuc nghién ctru hap phu dong lién tuc cho cic ion kim loai
khécyé st dung cac mo hir}h toan hoc ’khéc Thomas, Yan, Yoon va Nelson
... dé tinh toan cac thong s mo hinh hap phu.

3. Tiép tuc nghién ctru kha nang tai st dung cua vat ligu.

4. St dung vat ligu CTSK-CT 1a chat hap phu xir Iy mét hé nudc thai
cu the va tinh toan loi ich kinh té khi dua vao str dung.
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