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LOI CAM ON

Xin phép em dugc gui 161 cam on dau tién dén thay Biang Vinh Quang — gi4o vién
phu trach dé tai, nguoi da huéng din ciing nhu chi day va giup d& em trong subt qué
trinh thuc hién dé tai.

Em xin cam on cac quy thay co gido Truong Pai hoc Khoa hoc Ty nhién Tp.HCM
noi chung va khoa Khoa hoc va cong nghé vat liéu, b6 mén Vat liéu nano va mang mong
no6i riéng da nhiét tinh chi day, truyén dat kién thac quy bau trong suét quang thoi gian
bén nam dai hoc.

Xin giri 16 cam on sau sac dén anh Pat — nguoi hudng dan em trong sudt qua trinh
thuc hién dé tai, dinh huéng thuc hién cdng viéc ciing nhu giai quyét nhitng kho khin
ma em gap phai.

Chan thanh cam on Trung tdm nghién ctu vat liéu cdu trGc nano phan tir

(INOMAR) d tao diéu kién tt nhat dé em c6 thé hoan thién khoa luan nay.

Cam on tap thé anh chi va cac ban tai phong nghién ciru vat liéu cau trdc nano phan

tir da ho tro va sat canh trong khoang thoi gian thuc hién dé tai nay.

Xin cam on tap thé I6p 14MM va nhitng nguoi ban da cung nhau hoc tap va gidp

d minh khi bat ¢au véi méi truong dai hoc.
Va trén hét, cam on cha, me, 6ng, ba di sinh con ra, day dd va nudi dudngg con nén
nguoi.
Sinh vién
V& Nguyén buc Tai

14MM Khoa hoc va cong nghé vat liéu.
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Muc luc
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Danh muc tir viét tat
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Danh muc bang biéu
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Danh muc hinh vé
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MO DAU

Hién nay trudc sy phat trién khdng ngirng caa nén cdng nghiép san xuét, vat liéu
vo co duoc xem 1a ngudn nguyén lidu chinh dé phuc vu cho cong cudc san xuat va xuat
khau hang hoéa caa nhiéu nuéc trén thé gioi. Luong kim loai duoc san xuat hang nim
ngdy cang ting do nhu cau sir dung ciia con ngudi ngay cang 16n[8]. diéu nay ciing ¢o
nghia 13 wong kim loai thai ra méi truong séng hang nim ciing khong ngimg ting 1én
thong qua cac hoat dong cong nghiép khai thac, nudc xa thai hé thdng céng nghiép, dong
chay d6 thi, qua trinh x6i mon, bién d6i khi hau trai dat[12]...Hé qua cua viéc khong
kiém soat dugc kim loai thai ra trong moi trudng s& gay nhiéu van dé 16n vé stc khoe
cling nhu méi trudng song. Do vay, dé c6 duoc mdi truong séng trong lanh va hiéu qua
chdng ta bat budc phai cé cac bién phap bao vé mai trudng, tranh khoi nhiing tac nhan
gay 6 nhiém moi truong hién nay, cu thé 1a giai quyét 6 nhiém kim loai nang thai ra trong
moi truong.

C6 rat nhiéu phuong phap hién nay dung dé xir Iy nguon nudc bi nhiém kim loai
nang nhu phuong phap két taa, phwong phap sinh hip, phuong phap hap phu va trao doi
ion, phuong phap dién hda, sir dung mang loc, phuong phap keo, phuong phap phan loali
khong khi, st dung hat nano oxit[5]... Tuy nhién, nhitng phuong phap nay c6 quy trinh
phtc tap va chi phi thuc hién con tén kém. Vi vay, ddy 1a mot thach thic voi nhiéu nudc
trén thé gidi, dac biét 1a nhitng nudc c6 nén khoa hoc cong nghé va ngudn lyc tai chinh

dang phat trién.

Phuong phap hap phu va két taa hién nay 1a sé it nhitng phuong phéap c6 nhiéu wu
diém nhu: Quy trinh xtr Iy don gian, ¢6 thé xi 1y dugc nhitng chét co doc tinh 16n, hiéu
suit mang lai 16n, khéng mat nhiéu thoi gian, nguyén vat liéu phong phu, d& thu hoi, c6
kha nang tai sir dung va quan trong hon Ia chi phi it ton kém, phi hop véi ca nhimg nudc

6 nén cong nghiép dang duoc phét trien[5].
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Chinh vi 1& d6, vu tién hang dau hién nay 1a viéc tim kiém va sir dung mét loai vat
lieu phd hop dé dap tmg duoc wu diém ma hai phuong mang lai. Chitosan dugc xem 1
ngudn vat liéu sinh hoc da dang trén trai dat, do cAu tric bé mat twong ddi xp gidp gitt
duoc luong két taa kim loai trén bé mit va cau trdc hda hoc chia nhiéu nhém chuc dic
trung c6 kha ning tao phic tot dbi nhiéu kim loai ning trong méi trudng nudc (Cu, Zn,
Fe, Pb...)[6]. Ngoai ra, chitosan con dugc xem la vat liéu than thién méi truong, khong
gy doc vai dong thuc vat, vai con ngudi ngay ca khi tiép xuc truc tiép. Hién nay, co rat
nhiéu dé tai nghién ciru trong linh vuc &ng dung ngudn vat liéu chitosan trong cong
nghiép xur 1y nuéc thai[6]. Tuy nhién, cac hudng nghién ctiu hién nay déu tap trung dén
kha nang tao phuc gitra chitosan va ion kim loai nhung lai chua dua ra dugc kha nang
khtr lwong ion kim loai du ton tai trong méi trudong nude. Do vy, dé han ché van dé trén,
viéc bién tinh vat liéu chitosan bang phuong phap phdi tron vai hat nano magine oxit s&

duoc khao sat va danh gia kha nang loai khtr ion kim loai trong méi treong nudc.

Véi tiém nang sir dung vat liéu chitosan va agarose trong xt Iy moi truong nudc bi
nhiém ion kim loai nang, day chinh 1a ndi dung chinh trong dé tai khoa luan nay: “Toi
wu héa kha néng khir ion Kim logi sdt trong méi trwong nwéc déi véi vt ligu chitosan

va chitosan — MgO”.
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CHUONG 1: TONG QUAN VE KIM LOAI
NANG — KIM LOAI SAT VA CAC PHUONG
PHAP XU LY KIM LOAI TRONG MOI TRUONG
NUOC

1.1 So lwoc vé kim loai ning

Kim loai nang (KLN) la nhitng nguyén té kim loai c¢6 khéi lwong riéng lén
(>5g/cm3), mot sé kim loai niang c6 thé gay doc tinh manh ngay ca & néng do thap[7],
sb khéc 1a nhitng nguyén té vi lwgng can thiét cho qua trinh sdng cua sinh vat trén trai
dat. Kim loai ning duoc duoc chia 1am 4 loai: Cac kim loai doc (Hg, Cr, Pb, Zn, Cu, Ni,
Cd, As, Co, Sn, Fe...), kim loai trong yéu (Ta, Nb, Be, Sb, W) nhitng kim loai quy (Pd,
Pt, Au, Ag, Ru,...), cac kim loai phéng xa (U, Th, Ra, Am,...)[8].

Kim loai ning khéng bi phan hay sinh hoc[19], khong doc khi ¢ dang nguyén tb
tu do nhung nguy hiém dbi vai sinh vat séng khi ¢ dang cation do kha niang gin két véi

cac chudi cacbon ngan dan dén sy tich tu trong co thé sinh vat sau nhiéu nam[17].

Trong ty nhién kim loai ton tai trong 3 moi truong: moi trudng khong khi, moi

truong dat va méi truong nudc[9], [13], [18].
Moi trwong khong khi

Trong méi truong khi, kim loai nang thuong ton tai & dang hoi kim loai. Cac hoi
kim loai nay phan Ion 1 rat doc, co thé di vao co thé con ngudi va dong vat khéc qua

duong hd hap. Tir 6 gay ra nhiéu bénh nguy hiém cho con ngudi va dong vat[18].

M&éi truwong dit
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Trong méi truong dat thi cac kim loai ning thudng ton tai & dudi dang nguyén chét,
cac khoang kim loai, hoic ion... Kim loai ning co trong dat ton tai duéi dang ion thudng
dugc cy co, thuc vat hip thu 1am cho cac thyc vat nay nhidm kim loai ning... Va nd co
thé di vao co thé con nguoi va dong vat thong qua dudng tiéu hda khi nguoi va dong vat

tiéu thu cac loai thuc vat nay[13].
M0oi trweong nwéc

Trong méi truong nudc thi kim loai ton tai duéi dang ion hodc phac chat. Trong
ba moéi truong thi méi treong nude la moi treong cd kha nang phat tan kim loai di xa
nhét va rong nhat. Trong nhitng diéu kién thich hop kim loai nang c6 thé phan tan ra moi
truong dat hoac khong khi[9].

Kim loai ning trong nudc lam 6 nhidém cay trong khi cac cay trong dugc tudi bang
ngudn nudc c¢d chira kim loai niang hoic dat trong cay bi 6 nhiém bgi ngudn nudc co
chaa kim loai nang di qua né. Do vay kim loai nang trong méi trudng nudc cd thé di vao
co thé con ngudi thong qua con dudng dn udng[9].

Ham luong kim loai dat chuan trong nudc udng sinh hoat theo tiéu chuan ICMR
va WHO:

Bang 1. Nong do kim loai chuan theo tiéu chuan nuéc uéng[1]

_ _ WHO ICMR
Kim loai __ __
Gidi han cho phép (mg/l) | Gidi han cho phép

Mn 0.1 50

Cd 0.005 -

As 0.05 -

Hg 0.01 -

Cu 1 0.05
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Cr 0.05 -
Pb 0.05 -
Zn 5 0.1
Ni - -
Fe 0.3 0.1
Mo - -
Co - -

Cac qua trinh san xuat cdng nghiép, qué trinh khai khoang, qua trinh tinh ché quing,
kim loai, san xuat kim loai thanh pham. .. 1 cac nguon chinh gay 6 nhiém kim loai ning
trong méi trudng nudc. Thém vao do, cac hop chat cua kim loai nang dugc sir dung rong
rdi trong cac nganh céng nghiép khac nhu qua trinh tao va nhuém mau, ¢ cac san pham
cua thudc da, cao su, dét, gidy, luyén kim, ma dién va nhiéu nganh khac[7]... Khéc biét
S0 va&i nudce thai nganh cong nghiép, nudc thai sinh hoat thuong o chira trong d6 mot
lugng kim loai nhat dinh béi qua trinh tiép xuc 1au dai voi dong, kém hoic sat trong
duong dng hoic bé chaa. Kim loai ning ndi chung 1a chat doc hai hoic rat doc hai voi
cac dong vat song dudi nudc hoic rat nhiéu cac loai thuc vat mic du ngay ca khi voi moi
loai hoac mot nhdm loai 6 lién quan gan giii v6i nhau thi chung déu c6 d6 nhay cam

vai anh huong cac kim loai khac nhau[7].

lon kim loai nang trong méi trudng nude thuong két hop véi cac thanh phan khéac
dé chuyén vé trang thai bén hon. Trong méi truong nude, cac ion ndy thudng bi hydrat
hoa tao ra 16p vo 1a phan tir nude che chan nd vai cac phan tir khdng phai 1a nudc & xung
quanh dé tré vé trang thai bén hon[16]. Lép vo hydrat nay thuong Ia hinh cau ma ion
kim loai nam & trung tdm, cac phan tir nudc bao xung quanh dugc goi 1a 16p vo. Cac
phan tir nam sét vai ion kim loai nhat thi chiing c¢6 tuong tac vai ion kim loai manh nhat,

c4c 16p tiép sau thi yéu hon va trong mot khoang cach nao d6 thi sé khong tuong tac[16].
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Qua trinh hydrat hoa c6 thé duoc coi la qué trinh tao phtc véi nhan trung tam 1a
ion kim loai va céc phdi tir 1a cac phan tir nuéc[16]. Thong thuong sé phdi tri cua hau
hét kim loai 12 6.

Véi céac ion c6 dién tich 12 +1 (kim loai hiém), luc tuong tac gitta ching vai cac
proton 16p vo khong du dé tach proton nay ra. Do vay ion kim loai co dién tich +1 chi

tdn tai ¢ trang thai hydrat hoa.

Vi cac ion c6 dién tich +2 thi lwong tuwong tac manh hon, tuy nhién né chi c6 kha
nang day proton ra & viing c6 pH cao (tic 1a phan tir nude xun quanh cé kha nang tiép
nhan proton cao), & trong nhdm nay thi cac ion kim loai cé kich thudc nho, mat do dién

tich I6n c6 kha ning day proton va tao thanh céac hydroxit kim loai[16].
M?*.6H,0 > M?*.OH.5H,0 + H*
MZ2*.OH.5H20 > M(OH)2.4Hz0 + H*

Da6i vai cac ion kim loai ¢ dién tich 12 +3, luc twong tac ctia chung di manh dé
tach ca 3 proton & diéu kién pH trung hoa, tham chi c6 thé tach dugc ca proton thi tu
khi & pH cao, vi du nhu Sat (111) & pH > 8.5[14].

Fe®*.6H,0 - FeOH2".5H,0 > FeOH;*.4H;0 = Fe(OH)s.3H20 = Fe(OH)s.2H.0
1.2 Giéi thiéu chung vé kim loai sit

CoOng thac hoa hoc: Fe(Fe?*,Fe®*)
1.2.1 Nguén goc phat sinh

Trong tu nhién, sit ¢ trong cac thién thach va thuong chira trong cac quang sat.
Sét chu yéu duoc khai thac tir khoang chat hematite, thuong thdy dudi dang cat den nam
doc theo bo bién trong long sudi. Nhitng ngudn khac 1a magnetite, siderite va limonite.

Siderite 1a mot ho thién thach chtra sat 1a thanh phan chinh caa ching. Sét thudng ton
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tai du6i dang oxid, sulfur, mudi cachonat trong céc quing hematic do (Fe,O3), hematic
nau (Fe203.nH20), manhetic (Fes04), pyrit (FeS)...[7]

Trong mdi truong nudc, sit duoc tim thay bat ngudn tir cac hoat dong san xuét va
khai thac cuia con ngudi . Phan 16n lwong sit bi hao hut trong qua trinh san xuit va thai

truc tiép thong qua méi trudng bat ngudn tir cac hoat dong[7]:

- Khai thac quang kim loai

- Tinh luyén gang, thép

- San xuét xi mang

- San xuét linh kién, bd nhé tir tinh

- San xuat bo khung 6 t6, tau thuy, cac bo khung cho cong trinh xay dung. ..

- San xuét dung cu sinh hoat thudng ngay

Mot trong s6 cac vi du vé lwong sat thai ra trong méi truong nudc do viéc san xuat
acid sulfuric trong quang pyrit sit (FeSz). Trong truong hop nay, luong Fe(ll) s& bi oxi
hda mot phan tao thém céc san pham Fe(l11) sinh ra lang dong dudi 1ong dat va di theo
dong chay dén ngudon nuéc sinh hoat. Phuong trinh phan ung[7]:

2FeS; + 702 > 2FeSO4 + H2SO4 (ferrous)
4FeS0O4 + Oz + 10H20 > 4Fe(OH)3z + 4H2S04 (ferric)

Trong nudc sach, ndng d6 ion sét thuong dat dudi 5pg/L[7] va khong duoc vuot
qua 0.3mg/L[1]. Tuy nhién, dbi véi mot sé nudc ¢d thé chi st dung ngudn nudc ngam
dé sur dung trong sinh hoat thuong phai d6i mat véi nguy co 6 nhiém sit do nong do sat
trong moi truong vugt qua ngudng cho phép (20mg/L)[7]. Pay 1a van dé dang gap phai
d6i voi chinh pha Lithuania khi nguoi dan dang hang ngay tiép xdc véi ngudn nudc co

nong d6 kim loai sat 1on[7].
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1.2.2 Bgc tinh

Poi vai sinh cac loai thiiy sinh, hai san

Sy két tua tir ion Sit trong co thé sinh vat gay nén sy tit ngh&n va can trg su hd hap
cua cac loai ca, 16p dong vat khong xuong sdng. Poi vai thuc vat, nhiéu nghién ciru ciing
da chi ra rang, sit 12 nguyén nhan gy wc ché hoat dong phat trién cua cac loai thuc vat
thuy sinh (dic biét 1a laa nudc), gy anh hudng nghiém trong dén ning suat phat trién

clia cac nudc néng nghiép trén thé gisi[7].
Poi véi con ngudi va doi song

Déi voi con ngudi, sit dugc xem 1a nguyén té vi lwong can thiét cho co thé, sat
dugc xem la thanh phan chinh tao nén hemoglobin — cé vai tro trong viéc van chuyén
oxy trong mau dén cac mé co thé[7]. Tuy nhién néu nong do sat vugt qua muc cho phép

c6 thé gay nén nhitng doc tinh vo ctng doc hai cho co thé

Ciing nhu cac kim loai nang khéc, ngdé doc sat anh huong rat I6n dén st khoe con
ngudi va gay ra nhiéu bién chiing néu nhu s luong sat ton tai trong cac nguén nudc sinh
hoat vuot qua mirc cho phép. Khi tiép xtc véi nguén nudc co chira ham lwong sat 16n

(nudc nhiém phén) co thé gay mot s6 cac tac hai d6i véi sinh hoat hang ngay nhu:

- Gay 6 vang, dong cin, dn mon cac dung cu dung nudc va dan nude cling nhu cic
d6 gia dung, nudc thudng c6 mui tanh gay anh hudng dén my quan va chit luong
cudc sbng.

- Gay khé rap, 6 vang, muc va lam hong quan &o.

- St s& 16ng cin trong duong 6ng gay tinh trang ri sét, tic nghén.

Déi vai co thé, khi ndng do sit trong co thé dat qua muc s& dan dén truong hop ngd doc

sat cap. Khi bi ngo doc sat cap tinh thuong cé cac biéu hién nhu[7]:
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- Giai doan 2 (6 dén 48 gi¢): Cac triéu ching va tinh trang chung cta ngudi bénh
¢6 thé duoc cai thién.

- Giai doan 3 (12 dén 48 gi¢): Xuét hién céc triéu chimg sdt, chay mau, huyét ap
ha xudng thip, vang da, suy gan, acid du thira trong mau va co giat.

- Giai doan 4 (2 dén 5 ngay): Cac triéu chimg c6 thé bao gdm suy gan, chay mau,
roi loan d6ng mau, khé thé va tham chi tr vong. Giam luong dudng trong mau
o thé xay ra, nguoi bénh co thé bj nhadm 14n, lo mo hodc hon mé.

- Giai doan 5 (2 dén 5 tuén): Hinh thanh seo ¢ da day hoac rudt. Cac seo nay céd
thé gy tic nghén, co thit khién nguoi bénh c6 cam giac dau bung va nén mira.
Xo gan ¢ thé phat trién sau do.

Tré em 1a d6i twong rat dé co nguy co chiu anh hudng ngd doc sit néu méi trudng
xung quanh khong dugc dam bao. Hién nay, ngo doc sat ¢ tré em ludn 1a van dé 16n duoc

cac nha khoa hoc va bac si nhi khoa quan tam sau sac.

Ngoai ra, d6i v6i nhidu ngudi phai thuong xuyén tiép xuc véi méi trudng co chira
ndng do sit cao vé lau dai dé ddi mat v6i nhitng van dé nhu xo gan, tiéu duong, vang da,
tham chi suy tim, ton thuong ndo. Nghiém trong hon nira, ho la ddi tuong rat dé bi khai
phat ung thu do qua trinh oxy hoa cac phan tir ADN néu thuong xuyén tiép xtic vai moi

truong chtra nhiéu sit.
1.2.3 Co s& lwa chon kim loai sat trong xir Iy nuéc thai

Sit duoc xem 1a nguyén té phd bién thir tu trén trai dat, trong hé thong nudéc thai
hién nay, sat chira nhiéu & ngudn nudc chii yéu dudi dang ion Fe3* trong méi trudng
nudc, moi trudng nudc chira ndng do st vuot qua mirc cho phép duoc goi 1a nude nhidm
phén. Viét Nam hién 1a mot trong nhitng nuéc ¢ mic dd nudc nhiém phén 16n[20], do
vay viéc lya chon kim loai sit dé khao sat kha ning khtr ion kim loai sit trong méi truong

nuéc hién nay 1a mot diéu can thiét va ¢ tinh ¢ng dung thuc té lén.
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1.3 GIOI THIEU MOT SO PHUONG PHAP XU LY KIM
LOAI SAT TRONG MOI TRUONG NUOGC

Hién nay, c6 rat nhiéu phuong phap xir Iy ion kim loai sat ton tai trong moi truong
nuéc, mdi nude tiy theo didu kién phat trién s& cé nhirng phuong phap xt ly khac nhau.
Mic di mdi phuong phéap xur Ii kim loai trong méi trudng nude déu khac nhau vé ban

chat nhung co ban ching déu can dat cac dic diém nhu sau:

- Nguyén vat liéu dé kiém

- Thoi gian xir ly ngan

- Hiéu qua xt 1y twong ddi 16n

- Chét thai trong nudc sau khi loc phai nho hon tiéu chuan cho phép

- Tudi tho cua vat liéu xu Iy lau dai

- Phuong phap doi hoi khdng gian xtr ly nho

- Khdng gay ra 6 nhiém tht cap

Nhin chung khé ¢6 phuong phap ndo c6 thé dap tmg du cac yéu cau trén, théng

thudng moi phuong phéap chi dap tmg dugc mot hoic mot sé nhitng wu diém. Ty theo
hoan canh sir dung ma ta c6 thé lya chon cac phuong phap thich hop va ti uu nhat dé

su dung.

Muc dich chinh ctia cac phuong phap nay van la viéc tach cac kim loai ning ra khoi
nuéc thai va dua cac kim loai nang vé dang dé& tap trung dé dé sir dung cac bién phap
don gian dé xu ly.

1.3.1 Phuwong phap két tia

Phuong phap xir Iy kim loai nang bang phuong phap két taa 1a mot trong nhiing

phuong phap phd bién va thong dung nhat tai Viét Nam hién nay. Véi wu diém ré tién,
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kha nang xwr ly kim loai trong dung thai cung moét ltc va hiéu qua xu ly kim loai nang &
muc chap nhan dugc thi ddy 1a mot trong nhitng phuong phap lwa chon hiéu qua cho cac

nha may cong nghiép & Viét Nam[5].
Co ché
M™ + A > MmAn (két tta)
Trong do
M"™: lon kim loai
A™: Té4c nhan két tia

Trong phuong phap niy ngudi ta c6 thé st dung nhiéu cac nhan tao két tua véi kim
loai nhu: S, PO4%, SO4%, CI-, OH" ...nhung trong d6 S%", OH" duoc sir dung nhiéu nhat
Vi c0 thé tao két tua d& dang vai hau hét cac kim loai, con cac ion PO4*, SO4Z, CI... chi
tao két taa voi mot sé cac ion kim loai nhat dinh do vay ching chi duoc dung khi dong

thai chira don kim loai hoac mét vai kim loai nhét dinh[5].

Déi véi mdi kim loai khac nhau c6 pH thich hop dé két taa khac nhau tdy thudc
vao kha ning tao két tua cia M(OH), va tly thudc vao nong do céac kim loai co trong
nudéc thai can xu ly.

Két tiza duing OH-

O mot vang pH nhat dinh (pH > 7) cac kim loai két hop véi OH- tao thanh cac

hidroxit kim loai két taa:;
Fe** + 30H - Fe(OH)3

O maét ving pH nhét dinh cu thé ddi voi pH>2 cac kim loai bét dau két hop véi OH"

tao thanh céc hydroxit kim loai két taa nhu:
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Cu?" + OH = Cu(OH)\
Cd?* + OH > Cd(OH)
Ni?* + OH = Ni(OH)\V
Cr¥* + OH = Cr(OH)sV
Fe3* + OH > Fe(OH)sW
Zn?* + OH = Zn(OH)\V
Nguyén tic dé tao két taa 1a [M™].[OH]">Tmom)n

Bang 2. Kha ning tao két tha mot s6 ion trong méi truong pH[9]

lon pH lon pH
Fe (I11) 2.0 Zn (1) 7.0
Al (111 4.1 Zn (1) 7.0
Cu (1) 5.3 Mn (I1) 8.5
Fe (I1) 5.5 Pb (1) 6.0
cr (1) 5.3 cd (11 6.7

Do pH trong qué trinh phai dam bao dé qua trinh c6 thé tao két tua dé dang, thuan
loi. Dé tao pH > 7 ta c6 thé ding cac chat c6 tinh kiém nhu NaOH... Tuy nhién phuong
phap nay thuong khong hiéu qua dbi vai cac kim loai két tia khac nhau lén, dic biét la
d6i véi cac kim loai 6 kha niang tao phuc khi & pH I6n. Pay 1a mot trong nhimg nhuoc
diém 16n nhat ciia phuong phap két tia dung OH-.

Cac két ion ¢ thé tao két tua & pH Ion:

Zn(OH) + 20H- > [Zn(OH)4]>
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Cu(OH), + 20H" = [Cu(OH)4]*
Uu nhuoe diém cia phwong phap
Uu diém:

- Pon gian, dé su dung.
- Rétién, nguyén vat liéu d& kiém.
- Xt Iy dwoc cung luc nhiéu kim loai.

- Xt Iy dugc nudc thai cua cdc nha may cd quy mo lon.
Nhuege diém:

- Véindng d6 kim loai cao thi phuong phéap nay xir ly khdng triét de.
- Tbn kinh phi nhu van chuyén, chon lap khi dua bun thai di xu ly.
- Khi st dung tac nhan tao két taa 1a OH" thi kho diéu chinh pH d6i v6i nudc thai

c6 chira kim loai nang ludng tinh Zn.
1.3.2 Phwong phap hap phu

Hap phu 1a qua trinh hit khi bay hoi hodc chat hoa tan trong chat long 1&n bé mat

chat ran x6p goi la qua trinh hap phu.

Phuong phap hip phu 1a mét trong nhitng phwong phap phé bién nhat trong xir ly
nuéc thai néi chung va nude thai chira kim loai nang noi riéng. Phuong phap hap phu
duoc sir dung khi xtr Iy nude thai chira cac ham luong chat doc hai khéng cao. Qua trinh
hap phu kim loai ning xay ra gitra bé mat long cua dung dich chira kim loai nang va bé

mat ran.
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Co ché qua trinh hap phu
Trong hdp phu thwong dwec dién ra hai buéc nhw sau:

- Quétrinh hip phu vat 1y d6i véi chat hap phu va céc ion kim loai ning trong nudc
thuong xay ra nho luc hat tinh dién gitra cac ion kim loai ny véi cac tdm hap
phu, mdi lién két nay thuong yéu va dé bi pha va. Chinh vi lién két nay yéu ma
qua trinh giai hip phu dé hoan nguyén vat liéu hap phu va thu héi cac kim loai
dién ra thuan loi[2].

- Qué trinh hap phy hoa hoc: Qua trinh nay xay ra nho cac phan ung tao lién két
hoa hoc gitra ion kim loai niang va cac nhém chirc cua tim hap phu, thuong 1a cac
ion kim loai nang phan ang tao phic d6i véi cac nhdém chic trong chat hap phu.
MAi lién két nay thuong rat bén va kho bi pha va.

Gi6i thigu mdt vai chat co kha ning hap phu ion kim loai ning

Hién nay, nguoi ta da phat hién ra nhiéu chat hap phu c6 kha niang hap phu kim
loai ning. Chat hap phu la nhitng vat liéu ran dang hat c6 cau tric xop va dién tich bé
mit riéng 16n. Céc chat hap phu ndy cd ngudn gdc rat da dang, no c6 thé 1a cac hop chat
v co, vat liéu bat nguén tir sinh hoc...

Vit liéu c6 nano ngudn goc vo co

Vit liéu c6 ngudn gbe vo co thudng 1 cac hat nano oxit dwoc sir dung dé hap phu
ion kim loai. Do & kich thudc nano, vat liéu co d6 rdng xdp va dién tich hap phu vé cung
I6n. Nho vay ma tang luc hap phu 16i kéo cac hat vat chat 6 nhidm bam dinh ¢ bén trong

cac bé mat cua vat ligu. (cai nay chi 1a gioi thiéu thoi nén em nghi ko can phai néi thém)
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Cé4c chat polyme

Nguoi ta st dung nhiéu chat polyme dung dé lam chat hap phu. Cac chat polyme
thuong c6 cac nhém chuac c6 kha ning hit hodc gitr cac kim loai vao trong thanh phan
lien két. (cai nay chi la gioi thiéu thoi nén em nghi ko can phai néi thém)

Céc chat hap phu sinh hoc

Chat hap phu sinh hoc 1a nhitng chat bat nguon tir sinh hoc, do vay ngudn nguyén
liéu rat da dang va phong phd. Céc chat sinh hoc duoc sir dung dé lam chét hap phu sinh
hoc thuong la cac polyme sinh hoc. (cai nay chi 1a gioi thiéu thoi nén em nghi ko can
phai noi thém)

Uu nhuoe diém cia phwong phap hap phu

Uu diém:

e Xir ly kim loai nang & nong do thap.
e Don gian, dé sir dung.
e CO thé tan dung mot s6 vat liéu 1a cht thai cua cac nganh khac nhu Fe203.

e CO thé giai hap phu dé tai sinh vat liéu hap phu.
Nhuege diém:
e Thudng chi p dung cho xu ly kim loai nang ¢ ndng do thap.

C6 thé ndi ca hai phuong phap két tia va hap phu kim loai déu c6 kha nang tng
dung rong rai trong nghién ctu xt Iy nudc thai hién nay. Dé tim kiém ngudn vat lidu
c6 thé két hop duoc cac vu diém cua hai phuong phap trén 1a mot van dé dang dugc
nghién ctru phét trién. Trong ndi dung caa khda luan nay, vat lidu chitosan va chitosan
phdi tron hat nano MgO s& 13 hai dbi twong chinh trong viéc khao st kha ning loai bo

nong d6 kim loai sat (II1) c6 trong nudc.
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CHUONG 2: VAT LIEU SINH HOC CHITOSAN
VA CHITOSAN — MGO DUNG TRONG XU LY
NUOC THAI

2.1 Giéi thiéu vé vat liéu sinh hoc chitosan

Chitosan la mét poly saccharide c6 tinh twong thich va phan huy sinh hoc duoc
tong hop nén tir chitin, chira nhiéu trong 16p vo cua dong vat giap xéac. Nho dic diém
ctia cau tric hda hoc va céc tinh chat hoa 1y dic trung ma chitosan 13 mot vat lidu duoc
tng dung trong rat nhiéu cac linh vuc nhu y té, cham soc sic khoe, cdng nghiép thuc

pham... va dac biét trong linh vyc xu 1y nudc thai.
2.1.1 Nguén goc

Vit liéu chitin dugc dung dé tong hop chitosan c6 cong thic 1a poly (B-(1-4)-
Nacetyl-D-glucosamin). Chitin la mot trong nhirng polyme sinh hoc phong phut dtrng thir
hai trén thé gi6i trong tu nhién. Chitin chta trong 16p vo cting ciia dong vat co giap xac,
dic biét chira nhiéu trong vo tdm cua (chiém dén 15-20%)[6]. Ngoai ra ngudn nguyén
liéu nay cling duoc tim thdy & trong cac loai con tring, sau bo, nim... Mdi loai ma cé

mot ham lwong chitin khac nhau trén co thé chiing (hinh vg).
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Chitin

(s \{n\./R@dvc?am
\/\/\/m Protein

Hinh 1. Bang phan b ham heong chitin, CaCOs va Protien c6 trong mét sé dong vat[6]

Viét Nam 1a mot trong nhitg nuée ché bién tdm 16n nhat thé gigi, san lwong tom
hang nam udc dat 473.000 tan, luong dau tdm loai thai trong qua trinh ché bién wéc
khoang 97.000 tan/nam [21]. Pay 1a ngudn nguyén liéu doi dao dung dé san xuat chitin
phuc vu cho c4c nganh san xuét trong nudc va xuat khau. Do d6, viéc san xuét chitosan
tir chitin & Viét Nam c6 nhiéu thuan loi dbi voi nén phét trién thay hai san hién nay, vira
c6 thé giam duoc gia thanh san xuat va giai quyét dugc lugng chat thai trong nganh thay
hai san.

Phan g tong hop hop chitosan tir chitin dugc goi 1a phan wng dehydrat hoa[11].
Trong d¢6 nhom -NHCOCHj3 dugc thay thé bang -NH2. S6 luong goc -NHCOCH; duoc
thay thé 16n hon 50% thi d6 chinh 1a polyme Chitosan, nguoc lai chinh 1a Chitin:
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Hinh 2. Phdn ng diéu ché chitosan[11]

Cong thikc tong quat: (CsH1104N)n
2.1.2 Cau trac hoa hec

Chitosan c6 ciu triic twong tu chitin, bao gém ba dang o, p va y[11]. Dang a 13
dang tinh thé tryc thoi, trong d6 cac chudi mach duoc sap xép phan song song thu duoc
tir vO ciia mot so loai gidp xac. Dang B duoc lay tir nang muc, ¢6 dang don ta trong d6

cac chudi sap xép song song, dang vy 1a mot hdn hop cua hai dang trén.

Do Decatyl hda caa Chitosan c6 thé phan anh muc d6 caa goc NHz trong cau truc.
Bai vi Chitosan thong thuong 1a do Chitin tong hop thanh tir vo dong vat giap xac nén
trong thyc té da phan Chitosan c6 cau triic mach dang khong gian giong nhu Chitin 13
cau trdc tinh thé truc thoi, voi cac chudi trong mach duoc sap xép phan song Voi
nhau[11].
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Hinh 3. C4u tric hinh hoc chitosan

2.1.3 Tinh chit — &ng dung

Thong thuong chitosan 14 mot chat khong mui ¢ dang bot mau trang hoic vang
nhat, c6 6 x4p nhe, hinh vay. Dan xuét chitosan sau phan @ng c6 thém nhom -NH; két

hop vai nhom -OH cé kha nang gitr ion Kim loai khac nhau dudi dang phuec.
D¢ tan

Chitosan khéng tan trong nuéc va dung dich kiém nhung tan trong dung dich c6
tinh acid. Do tan caa chitosan phu thudc vao cac yéu to nhu ndng do pH, pK cua dung
dich acid va mtc do deacetyl hoa tir nguyén nguyén liéu goc[11]. Dung dich chitosan
khi da dugc hoa tan néu dugc thém vao mai truong kiém sé tao dang keo trong va két tu
lai. TUy theo nhu cau va muc dich sir dung ma chitosan c6 thé duoc dwa vé cac dang nhu

dang mang, dang hat...

Piéu kién thich hop dé chitosan hoa tan tét trong dung dich khi nong do pH dat
duéi 6, ndng d6 acid téi thiéu phai bang ndng d6 nhdm chizc amine trong phan tir va san

pham chitosan phai dat duoc mirc d6 deacetyl héa Ion (trén 50%)[15].

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Kha ning tao phic

Chitosan dugc xem la vat liéu c6 kha nang tao phirc cao trong méi truong nudc co
chaa nhiéu ion tap chat do c6 hai nhém chirc -OH, -NHz ¢6 kha nang dién electron vao
orbitan tréng cua cac ion nguyén tir kim loai. Chinh nho dic diém nay ma co rat nhiéu

bai bao (rng dung kha nang tao phirc cua chitosan trong cong nghiép xu 1y nudc thai[6].

Kha ning hinh thanh dang phtc phu thudc rat Ién vao pH mdi trudng phan ¢ng,
ban chat ion va lyc tuong tac gitta ion ddi vai nhom -OH, -NH; trong phan ti[15]. Qué
trinh tao phtrc dugc hinh thanh khi qué trinh trao d6i ion H* trong dung dich gitta nhém
-OH, -NH2 caa phan tir va hinh thanh phtic ddi véi cac ion kim loai nang. Mdi lién két
nay duoc tao thanh tir lién két cong hda tri gitra cac ion kim loai va cac nguyén tir oxi

hay nito c6 trong cac nhém chirc ciia chitosan tao thanh lién két phoi tri[6].

Trong méi trudng acid, nhém -NHz caa chitosan két hop véi H* tir méi trudng acid
trg thanh -NHs* mang dién tich duong cé thé tham gia lién két tao phirc ddi véi cac ion
kim loai tn tai dang anion nhu Cr207%,HCrOy"... Nhom anion nay tién dén cation NHs*
va tao lién két bang cach dong gop dién tir dudi tc dung cua luc tinh dién[10].

CH,OH
H‘“‘-;B.,/“/ O.‘

_ — OH—+_ - -
"
CH,OH NH, .
’// ""‘-%-___h_h /.—/" Ok 4 L . —
v AN H !I'jr?'E)r
OH—— oy D S .
I NH2 Cr,0; ' NHT
_ Chitosan _ T T~
OH - / |
o
e \\
]b/”,\ o
CH_OH

Hinh 4. Phdn ung tgo phic cia anion kim loai trong méi trwvong acid yéu[10]
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Trong mdi treong acid yéu va trung tinh, ion H* caa nhém -OH s& dé dang duoc
hay thé va kha ning tham gia ctia nhém -NHz ciing twong ddi 16n. Trong trudng hop
nay, ca nhdm -OH va -NH s& tham gia lién két phdi tri véi cac cation kim loai
nang[6]. Tuy theo kha ning tao lién két d6i vai mdi ion ma phirc dugc hinh thanh cé

thé c6 s6 phditrila 2, 4, 6...

Hinh 5. Phdn #ng tgo phizc giza cation kim logi trong méi neong acid yéu va trung
tinh[6]

2.1.4 Ung dung

Chitosan da dugc nghién cau la mot polyme cé kha nang tuwong tich sinh hoc cao,
dé phan hay va khong doc hai d6i véi co thé con ngudi[15]. Do d6 ngudn vat liéu nay
duogc c6 thé duoc (ing dung trong viéc tao ra cac 16p da nhan tao, cac mach mau, diéu tri
vét bong hay cd thé dua céc thiét bi dién tir vao co thé ngudi va tu phan hay, khdng gay
anh hudong dén co thé séng. C6 thé noi day 1a mot hudng di méi cho cac nha nghién ciu
trong linkh vuc y té - sinh hoc.

Trong ndng nghiép: Chitosan dugc dung 1am I6p phu chat ngan ngira vi khuan dbi
Vi cac loai hat mam va cay giéng. Ngoai ra, tir ngudn nguyén liéu phong pha va ré tién
tir vo tom, chitosan ciing duoc st dung nhu mot loai phan bon, thudc trir sdu ndng nghiép

do tinh khang khuan, diét trir cac vi sinh vat doc hai di vai mot sé loai cay trong[15].
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Trong linh vuc cham s6c sic khde: Cac san pham chiam soc va phuc hdi do hu ton
cta toc, cham soc da mat thudng c6 thanh phan tir chitosan do kha nang tao do am tét va

it gay nén cac kich tng[15].
2.2 Ung dung chiia chitosan trong xir Iy nwéc thai

Trong linh vuc xir Iy nuéc thai, chitosan duoc st dung véi vai trd hap phu cac ion
kim loai nang thuong c6 trong moi trudng nudce. Trong moi trudng nudc, CAC NQuyeén tir
kim loai ton tai dang ion tu do s& dugc hap phu qua 16p vat liéu thdng qua cac qué trinh

Sau.

- Quétrinh di chuyén céc ion kim loai nang tir 10ng dung dich dén 16p bé mit.

- Céc ion kim loai nang tir bé mat vao sau bén trong nguon vat liéu, cac ion
kim loai nay s& dugc khéch tan tir tam hap phu nay dén tam hap phu khac.

- Khi gap céc tm hap phy, qué trinh tao phiic gitra ion kim loai va chitosan
hinh thanh baoi su c6 mat cuaa nhém -NH2 va -OH trong phén t chitosan.
Tai day, ion kim loai s& duoc “giii” bén trong bé mit vat lidu bang viéc hinh

thanh céc lién két gitra kim loai va hai nhém chc.

Hién nay, da co6 rat nhiéu cac nghién ctiru khoa hoc lién quan dén kha ning loai bo
ion kim loai chira trong méi trudng nuéc[6]. Cac nghién ciru ciru déu cho thay duoc kha
ning hap phu d6i vai nhiéu ion kim loai nhu Cu?*, Zn?*, Pb?*, Cr3*, Crf*... cua chitosan
la mot tiém ning moéi trong hudng ngudn nudce sinh hoat hién nay. Tuy nhién chitosan
la mot vat liéu c6 do xop khéa nho, qua trinh hap phu chii yéu chi xay ra trén bé mat nén
hiéu suat dem lai khong duoc tot nhu mong mudn. Vi vay dé téi wu hoa kha ning loai
bo ion kim loai trong méi trudng nudc thai, chitosan can dugc bién tinh vai mot loai lidu
c6 kha nang tuong thich va khac phuc dugc nhugc diém nhu trén. Day ciing chinh 12 noi
dung chinh trong viéc t6i uu héa kha nang loai bo ion kim loai trong moéi truong nuéc

thai bang phuong phap phéi hat nano magie oxit.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

2.3 Vat liéu chitosan phéi trén hat nano magie oxit
2.3.1 Poi nét vé magie oxit

Magie Oxit (MgO) ton tai dudi dang bot trang, dugc tong hop tir phan tng dehydrat
hoa Mg(OH). & nhiét @6 cao. Magie oxit 1a mot oxit bazo c6 dd bén nhiét tét, khdng tan
trong nudc, khéng bi an mon, khong doc hai va than thién véi méi truong[3]. Trong
dung dich nuéc, cac phan tir nuéc co thé dé dang hap thu héa hoc tao mot 16p bao phi

bén ngoai va ca bén trong vat liéu oxit[4].

0 (9 o) (ou
""'"— > —@—

Hinh 6. Sy hinh thanh Iép vé hydroxit trén vat liéu oxit[4]

Do MgO la mét oxit bazo nén lép vé hydroxit tiép tuc dugc proton hoa thanh M-
OH>* sau khi nhan H* tir méi trudng nudc, mot phan OH- s& duoc sinh ra trong dung

dich theo phan ung:
M—-OH + H"+ OH - M-OH: + OH"
Tir day, cac ion kim loai c6 thé duoc hap phu thong qua hai huéng:

- Qua trinh tao két taa trén bé mat oxit kim loai thong qua 16p vé hydroxit

- Qué trinh tao taa tryc tiép voi OH- sinh ra tir su proton hoa I6p vo hydroxit
Phuong trinh phan ung:
M™ + OH = M(OH).W

C6 thé ndi tng dung hat nano MgO trong xir ly ion kim loai nang chira trong

nudc thai duge xem nhu 1a mot hudng di mai trong nghién ciru hién nay do kha nang
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bén nhiét tt, bé mat tiép xdc 16n va 1a mot vat liéu than thién véi méi trudng. Tuy vay
kha nang tai sir dung ngudn vat liéu chwa duoc danh gia cao do viéc tach gitra hat
ngudn nguyén liéu nay va luong két taa kim loai sau phan ang van con nhiéu han ché.
Chitosan c6 thé duoc xem la ngudn vat lidu thich hop déng vai trd chat mang hat nano
MgO trén bé mit do c6 nhiéu do xop. Ngoai ra khi phdi trén hat nano MgO, hiéu suat
loai bo ion kim loai trong méi trudng nudc s& mang lai dugc két qua tét do két hop

duogc hai co ché hap phu va két tua nham loai bo ion kim loai trong méi truong nuéc.
2.3.2 Tong hep hat chitosan két hop nano magie oxit

Chitosan la mot vat liéu dé tan trong mdi trudng co tinh axit va s& bi keo tu nhanh
chong ngay khi duoc tiép x(c véi dung méi ¢ do pH 1on. Nguoi ta ¢6 thé dé dang tong
hop dugc nhiing hinh dang chitosan theo nhu cau va muc dich nghién ctru. Chitosan dang
hat thudng c6 vu diém nho gon, d& bao quan, it bi nhidm ban va dién tich tiép xuc gitra

chitosan véi ion kim loai trong méi trudong nudc thai twong ddi lon.

Phuong phép tong hop chitosan nhin chung kha don gian. Dung dich chitosan sau
khi dugc hoa tan vao nudc sé tiép tuc 1a dung mdi phan tan cac hat nano MgO tao thanh
hdn hop chitosan-MgO. Hon hop nay sau d6 sé tiép tuc duoc keo tu trong dung dich c6

pH Ién va duge diéu chinh vé hinh dang va kich thudc hat nhu mong mubn.

Hat chitosan két hop hat nano magie oxit bang phwong phap phdi tron duoc xem
nhu 12 mot hudng di méi trong viéc ti wu hoa kha ning loai bo ion kim loai nang trong
moi truong nude. VAt lidu nay co thé khic phuc duoc mot sé cac dic diém so véi cac vat

liéu thuan nhu sau:

- Hat nano oxit vai cau tric nho (£100nm) va nhe, sau khi tién hanh phéi tron
hat s& phan bd 16p bén ngoai bé mit chitosan va nam trong cac 15 xp, bao
vé chitosan trudc cac yéu té an mon hoa hoc va bao vé bé mat vat lidu dudi

diéu kién méi treong c6 nhiét do 16n.
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- Trong mdi trudng chira ion chat thai, MgO dong vai trd nhu mét [6p mang
hydroxit bao quanh bé& mit vat liéu va 1a tac nhan hinh thanh nén cac OH".
Cac ion kim sau khi khuéch tan vao 16p bé mat vat liéu mot phan s& tao két
tua hydroxit trén bé mat, phan con lai tiép tuc khuéch tan vao sau trong bé
mat va céc 15 x6p. Cac ion nay sé& tiép tuc dugc giir lai nhd vao qua trinh
hinh thanh phtc giira chitosan va ion kim loai tai bé mat tiép xdc.

- Nho qua trinh proton héa d6i véi I6p mang hydroxit caia MgO, OH" sinh ra
tir moi trudng & gap va tao phan tng két tua ddi vai cac ion chua khéch tan
dén bé mat vat lidu. Nhd d6 co thé t6i wu hoa duoc kha niang khir kim loai
trong moi trudng nuwdc.

- Dung dich sau phan tng d& dang duoc tach giira luwong kim loai két taa va
lugng hat chitosan sau phan tng. H6n hop nuéc thai sau khi dugc xtr 1y ¢6
thé duoc loc rira két tua con thira bang nhitng phuong phép loc rira don gian

nhu st dung gidy loc, mang xép...

Véi ngudn vat liéu don gian, ré tién va phong phu, quy trinh ché tao don gian khong
yéu cau céc thiét bi phirc tap va hon hét 1a khac phuc duoc nhitng yéu diém ma chinh tir
hai nguon vat liéu gbc dem lai. Hat chitosan c6 chira MgO s& duogc tién hanh so sanh véi
ngudn liéu tir hat chitosan thudng thuong dé xac dinh mirc do téi wu hda kha ning khir

ion kim loai trong méi truong theo pH va theo nong do pha tap MgO tuong Gng.
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CHUONG 3: THUC NGHIEM

3.1 Muc tiéu- Noi dung thuc hién
% Muc tiéu
Téng hop duoc vat liéu chitosan dang hat.
Téng hop duoc vat liéu chitosan — MgO dang hat véi cac ndng do khac nhau.

Khao sét kha ning loai bo ion kim loai sit trong méi truong nudc & cac dieu kién

nong do pha tap MgO va nong do pH.
 Noi dung thuc hién
Noi dung cong viéc véi nhitng muc tiéu nhu trén duoc thuc hién lan luot nhu sau:
Tong hop hat chitosan bang phwong phép sol-gel.

Tong hop hat chitosan — MgO bang phwong phap tron 1an va sol gel vai cac khoi

lugng tron 1an MgO twong tng la 0.1g, 0.3g, 0.5g.

Khao st kha ning khir ion kim loai sit trong méi truong nudc vaéi ndng do Fed*
trong dung dich 12 50ppm ddi véi chitosan va chitosan — MgO & cac nong do khac nhau

& diéu kién thuong.

Khao sat Khao sét kha nang khir ion kim loai sit trong méi trudng nudc Véi nong
do Fe3* trong dung dich 1a 50ppm dbi véi chitosan va chitosan — MgO & céc nong do

khac nhau ¢ céc diéu kién pH nam trong khoang 2, 4, 6.

3.2 Thiét bi - hda chat
< Thiét bi

May khuay tir gia nhiét WISD MSH 20A, Han Qudc.
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May lic gia nhiét model I1ST — 3075R, Han Quéc.

Bé siéu am model S180 - Elmasonic.

Binh dinh muc, pipet, c& tir 1.5 cm.

Can 5 s6 AUW220, Nhat Ban.

Tu sdy.

May do pH Mettler Toledo.

% Hoa chat

Bang 3.1 Tén va ddc trung cdc loai hda chat sir dung trong thi nghiém

Nong d6 phan trim, ndng do

STT Tén hoa chat ) Xuat x(r
mol, khoi lugng riéng

1 Chitosan DDA ~ 90% Trung Qudc

2 Axit acetic (AA) C=50%, D =1.05 g/ml Trung Qudc

3 Nudéce DI d=1g/ml Trung tam
INOMAR

4 NaOH d=2.13 g/ml Trung Qudc

5 Bot nano MgO d=3.18 g/ml M¥

6 Etanol C =99,5%, d=0.791 g/ml Trung Qudc

7 Glutaral dehyde C =50%, d=1.12 g/ml M¥

8 HCI C=37%,d=1.18 g/ml Phép

9 FeCls.6H20 d=1.82g/ml Trung Qudc
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3.3 Quy trinh thuc hién

3.3.1 Quy trinh tao hat chitosan (chitosan — MgO)

Khuay tron

Chitosan Axit axetic
2
[=TH]
=+
[
g d
i 5 B6t nano MgOQ (dun
Dung dich ;S T LAz g0 (dung
NaOH 0.5M z de tong hop hat
~a ; = chitosan — MgQO)
=
2 & ] ]
e € |Nhé giot vao dung dich | Dung dich chitosan
&0 L%' X NaDH (chitosan- MgQ)
g
=]
&
3
=]

Hat chitosan
(chitosan — MgQ)

Hinh 3.1 Quy trinh tqo hat chitosan (chitosan — MgO)

Dung dich chitosan (chitosan — MgO) duoc chuan bi bing cach cho bét chitosan
vao dung dich axit axetic % va duoc tién hanh khudy tir trong 24 gid dé dam bao muc
d6 hoa tan cua chitosan trong dung dich. Déi véi chitosan c6 phdi tron MgO, bot MgO
duoc thém vao sau khi hdn hop chitosan va axit axetic da duoc khuay trong 6 tiéng. Khéi

lwong MgO duoc thém vao lan luot 12 0.1g, 0.3g va 0.5g.
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Sau khi duoc khudy trong 24 gid. Dung dich chitosan (chitosan — MgO) sau khi

duoc hoa tan tiép tuc duoc thém vao dung dich NaOH 0.5M nhim tao su keo hoa. Dé

tao hinh dang hat nhu mong muédn, dung dich chitosan (chitosan — MgO) duoc hit

bang ng pipet va lan lugt dugc thém vao dung dich NaOH duéi dang giot nudéc.

Trong dung dich NaOH, chitosan nhanh chong bi keo tu hoa va hinh thanh dang keo tu

theo hinh giot nudc.

Bang 3.2. Thong sé pha dung dich chitosan theo khéi liwong MgO

N N _ Thé tich dung dich
STT Khoi Ilwong MgO Khoi lugng chitosan _ _
axit acetic
1 Og
2 0.1g
29 50 ml
3 0.3g
4 0.5g
3.3.2 Quy trinh on dinh cau truc va thu nhé kich thwéc
Hat chitosan
(chitosan — MgO)
2
[-'1]
%0 Ty 1é 1g chitosan: 1.5 ml Glutaral dehyde
F
z
Hat chitosan San pham hat chitosan Phin tich cu
(chitosan — MgO) Say & 600C (chitosan — MgQ) hoan triae: FTIR,
cAu tric 6n dinh trong 48 gi&r chinh E> SEM, XRD,
BET.

Hinh 3.2. Quy trinh tao si én dinh va thu nhé kich thiréc hat
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Dé cau trac chitosan dugc 6n dinh va khong bi that thoat trong qué trinh thuc hién
phan @ng vai dung dich nudc thai, hat chitosan sau khi Iy ra tir NaOH tiép tuc dugc
chura trong dung dich glutaral dehyde véi ty 1& x:x nham tao lién két ngang giita cac
phan ta.

Hat chitosan sau khi dugc ngam trong 24 tiéng sé duoc ria lai bang nuéc cat va
duoc sdy ¢ 60°C trong 48 gid dé loai bé nudc, NaOH va luong du glutarl dehyde trong

hat, chuyén hat vé hinh dang nho.

3.3.3 Khio sat kha niing phan vng theo diéu Kién thuwong va thay doi diéu
kién pH

Dung dich Fe’*
nbng d6 50 ppm
Dung dich HCI
(khao sat doi VOl Chuén d6 pH
diéu kién thay doi »
PH) Lic trong 24 pidy Hat chitosan
3 — (chitosan — MgO)

Dung dich sit sau Xdc dinh nong d6 sau
ohan img |:> phan tmg (do phd hip

phu 1on)

Hinh 3.3. Thi nghiém khao séat kha nang khur ion kim logi theo pH

San pham chitosan va chitosan — MgO sau khi duoc hoan thién s& duoc tién hanh
khao sat kha nang khir ion kim loai sit ¢ diéu kién thuong di voi giita chitosan va
chitosan — MgO.
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Sau khi xac dinh dugc kha ning loai bo ion kim loai sit ti wu khi hat ¢d khéi
lugng MgO thich hop nhét. Chitosan va chitosan — MgO tiép tuc khao sat & cac diéu
kién nay doi pH tir 2-6 nham khao sét sy anh hwong cua ndng d6 pH dén kha ning loai

b6 ion kim loai.

Bang 3.3. Thong sé nong dg pH trong dung dich Fe3*

] Nong do dung | Thé tich dung
STT pH Khoi lugng hat
dich Fe3* dich Fe3*
1 2-2.5
2 4-5
0.5¢ 50 mg.L? 50 ml
3 6-6.5
4 7

3.4  Cac phwong phap phén tich

Phuong phap phén tich FT-IR dwoc ding trong viéc xac dinh thanh phan va ciu
triic hda hoc cua hat chitosan. Hé may do FTIR tai Trung tdm Nghién ctu vat liéu cu
trdc Nano va phan t (INOMAR) duoc st dung dé do véi budc séng trong ving tir
400cm — 4000cm',

Dé khao st hinh thai bé mat hat Chitosan, tién hanh chup SEM véi cac do phong
dai khéac nhau. Thiét bi FE-SEM duoc dat tai Vién Khoa hoc vat liéu va tng dung.

Dé xac dinh trang thai két tinh va kich thudce tinh thé cua chitosan, MgO, tién hanh
do XRD dé xéac dinh dang tinh thé. Hé do XRD BRUKER duoc dit tai trung tam Nghién
Clru CAU trdc nano va phan tir (INOMAR).

Pé xac dinh dién tich bé mat cua mau ché tao tién hanh do BET. Hé may do BET

NOVA 3200e dugc dit tai trung tdm Nghién ctu cu tric nano va phan tir (INOMAR).
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Dé x4c dinh nong d6 ion kim loai sit chira trong dung dich nudc, tién hanh do
phd hap phu ion nguyén tir (AAS). Hé may AAS dugc dit tai bo mon Hoa phan tich —
Dai hoc khoa hoc ty nhién Tp. H6 Chi Minh.

CHUONG 4: KET QUA - THAO LUAN
4.1 San pham hat

Chitosan Chitosan-MgO 0.1g

k
N

Chitosan -MgO 0.3g

Chitosan-MgO 0.5g

e

Nhdn xét: San pham hat duoc tao ra c6 dudng kinh nam trong khoang tir 2 — 5mm
va c6 mau Sic tir nau dén nau sam. Dbi voi mau sic va kich thude hat, san pham co6 khoi

lugng MgO cang tang ung vaéi dudng kinh 16n va mau sac sang.
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Gidi thich: Khi tién hanh nung & nhiét d6 60°C, hat chitosan duoc tao s& dugc tach
nudc va tré vé chitosan dang khan c6 mau nau dé. Trong khi d6 MgO 1a mot oxit kim
loai c6 cAu tric tinh thé, khi duoc tron 1an trong chitosan mot phan s& dugc phan b bén
ngoai bé mat, tap trung vao vi tri cac 15 x6p 1am cho ham lwong nuéc chira trong chitosan
khé khuéch tan ra ngoai khong khi. Do vay, hat chitosan cang c6 mau sic sang va kich

thudc cang to.
4.2 Pho FTIR

Cau trdc hoa hoc cia mang Chitosan dugc xac dinh théng qua phuwong phap quang

phd hong ngoai bién dbi Fourier (FTIR).

ATI2 erm!
q_” 20
3426 cm!
(3-H., ™-H

1654 em-?
|L 1370 ! Mg-o

y C=0, C-H

1037 cone!

H i l::hi‘lusan—:\lg(} h.ig

] : ' ; f Chitosan
Lt L | I | i | L | - 1 | i |

4000 3500 3000 2500 2000 1500 1000 500

So s6ng cm!
Hinh x. Phé FTIR hat chitosan va chitosan — MgO
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Phé FTIR cua hat chitosan va chitosan — MgO tai cac nong d6 khac nhau dugc thé hién
qua hinh x. Ttr két qua FTIR nay ta cé thé nhan xét dugc MgO khong anh huong nhiéu
dén cau trdc hoa hoc cua cac nhém chirc trong phan ti chitosan. Vi tri cac dinh hau hét

déu khong bi dich chuyén.

Két qua cho thdy ca 3 mau déu c6 mot miii rong va co cudng do hap thu 16n tai sb
s6ng 3438 cm! twrong tng dao dong dic trung cta géc N-H (3370 cm™). Dao dong nay
dugc bo sung thém dao dong cua gbc O-H nén mili hap thu ¢6 su mé rong, chan miii hap
thu kéo dai tir 3000 cm™-3680 cm™. Dao dong dic trung lién két C-H duoc thé hién tai
mili c6 s6 s6ng 2927 cm™L. Tai s6 s6ng 1654 cm* ¢ xuat hién mot mili hap thu co cuong
d6 tuong ddi nho so véi cac miii khac, mili dao dong nay dic trung cho dao dong quay
cua lién két C=0 va C-N. Nguoc lai, tai s6 song 1530 cm* khéng tim thdy duoc miii
hap thy, diéu nay chang to cau trdc Chitosan ton tai rat it lién két amin bac 2 ( chu yéu
trong Chitin) vi vay c6 thé xac dinh mau Chitosan sir dung c6 d6 Decatyl hda cao ( 90%).
Ngoai ra, tai s6 song 1370 cm* tim dugc dic trung cta dao dong udn lién két C-H trong
nhom cacbon mach thang ( -CH2). Miii dic trung cho cac dao dong khung lién quan dén

co gi&n ndi C-O-C xuat hién tai trong khoang 1070 — 1035 cm™.

Bang x. Phd FTIR ctia mang Chitosan va chitosan — MgO tai khéi luong 0.1g, 0.3g

va 0.5g
S6 séng (cm™)
Lién két Chitosan- Chitosan- Chitosan- ,
chitosan Ly thuyet
MgO 0.1g MgO 0.3g MgO 0.5g
C-0-C 1035 1039 1032 1032 1035
C-0-C 1077 1078 1082 1070 1157
C-H 1374 1372 1376 1370 1374
Dd aminll | -- -- -- -- 1530

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

C=0,C-N |1534 1532 1528 1530 1660
C-H 2930 2925 2926 2927 2875
O-H,N-H | 3426 3424 3425 3426 3370

Déi v6i mau chitosan — MgO, ta nhan thdy c6 su xuat hién thém vi tri cac dinh
3712 cm™ va 518 cmt, mau chitosan cd khéi luong MgO 0.3g va 0.5g ¢ cudong d6 cua
dinh pho twong toi rd rang va dé nhan thay so véi mau c6 khéi luong 0.1g. Tai vi tri 518
cmt 14 sy xuét hién cuaa dinh dao dong dic trung gitra kim loai Mg-O. Miii xuat hién tai
vi tri 3172 cm™ tuong wng véi dao dong lién két gitta Mg-OH, nhu vay trong hoa tan

MgO vao dung dich, mot phan MgO di phan (ng véi phan ta nudc hinh thanh MgO

Nhdn xét: San pham chitosan khong bi thay doi thanh phan héa hoc va cau trdc sau
khi dugc tién hanh phdi tron MgO. Luong MgO sau khi phéi tron hinh thanh san pham
phu 12 Mg(OH) va tich tu trén bé mat hat, khdi lugng MgO ciing dong nghia vai luong
Mg(OH): cang nhiéu.
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4.3 Phé XRD

Amorphous

Chitosan-MgO 0.5g

111

110 554

Amorphous

Chitosan-MgQ 0.3g

111
Amorphous

Chitosan-MgO 0.1g

Amorphous )
Chitosan

Ll bl L1

P

L e b sl
¥

b
bl o, u b

A I L I 1 I L I 1 I A1 L

10 20 30 40 50 60 70 80
Géc 20 ()

Hinh x. Gidn dé nhiéu xa XRD ciia mang méng chitosan va chitosan-MgO

Két qua thu duoc tir gian d6 nhidu xa XRD cua c4c mau chitosan va chitosan —
MgO cho thay ca bon mau déu c6 sy xuat hién cua dinh nhidu xa & vi tri 26 = 19.88°véi
do6 ban rong 16n. Véi do rong chan dinh 16n, day la dinh dac trung dang vo dinh hinh caa
chitosan sau khi dugc hoa tan vao dung dich axit acetic. Tuy nhién, cuong d6 dinh tai vi
tri nay van con 16n chirng té su hoa tan khéng hoan toan cua chitosan trong dung dich

nudc.

Phé chitosan — MgO & 3 mau con lai ¢6 su xuit hién dic trung cua cac mat mat
g véi cau tric phan ta MgO. Phd XRD ciia mau chitosan — MgO 0.1g khdng thé hién
1& duge cudng d6 dinh do khébi luong MgO duoc thém vao tuong ddi thap. O hai mau

0.3g va 0.5g c6 su xuat hién cudng d6 dinh tai cac vi tri 20 =38° va mot dinh c6 cudng
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d6 yéu tai vi tri 20 = 62.4°. Day 1a vi tri cua dao dong mat mang (111) va (220) trong
tinh thé MgO. Ngoai ra c¢d su xuét hién thém hai dinh tai vi tri 20 = 49,5° va 58,8° ung
v6i cac mat mang (102) va (110) dic trung cho pha tinh thé luc gidc ngdm nuéce cua
Mg(OH).. Piéu nay ciing phu hop véi két luan c6 sy ton tai thém cua Mg(OH): trong
san pham.

4.4 Két qua hinh anh kinh hién vi dién tir quét

Hinh thai bé mat hat Chitosan va chitosan — MgO duoc phan tich bang phuong

phéap chup anh dién tir quét.
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Hinh x. Anh SEM bé mit hat chitosan

1K =kl

. e =
= JEOL 1S5KU K30, 808

Hinh x. Anh SEM bé mat chitosan — MgO

Anh chup bé mit SEM cua hat chitosan & ca hai hinh xa xb cho thy bé mat hat c6
rat nhiéu céc vi tri 18m xudng, diéu nay cho thay mang cé cau trac vo dinh hinh. Trén
mit hat c6 mot s6 hat nho sang voi kich thudce tir 200-300 nm do bot chitosan khéng

duoc hoa tan hoan toan trong dung dich axit.

Anh SEM bé mit hat chitosan cho thiy duoc san pham chitosan dugc tao thanh co
bé miat x6p véi nhiéu 15 tréng. Vat lidu chitosan c6 kha ning loai bé ion kim loai trong
mdi truong nudc duge danh gia cao néu nhu dién tich bé mat Ion va chira nhiéu 15 x6p.
Tir két qua SEM ta c6 thé két luan san pham chitosan sau khi duoc tdng hop c6 bé mit
x6p, chara nhiéu 16 trong gidp cho kha nang loai bo ion kim loai tét do viéc khéch tan ion

tir dung dich vao sau trong bé mat chat ran duoc dam bao.

Anh chup SEM dbi véi bé mat hat chitosan cé chira MgO cho thay sy xuat hién caa
cac hat nano duoc thé hién & cac ving téi (MgO khdng dan dién) véi béan kinh tir 80-120
mm. Sé luong cac hat phan bé ngau nhién trén bé mit chitosan nhung tap trung khé

nhiéu tai vi tri cac 15 x6p. Hat nano MgO nam bén ngoai bé mit s& tao méi truong -OH
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gitip cho lwong ion khi khéch tan dén gan s& tao két tua va ling dong duéi day bé mat

nudc thai. Céc ion kim loai khi khuéch stan vao sau trong bé mat vat liéu mot phan s&

duogc gitr lai dudi dang phirc chat va mot phan s& duoc lang trén bé mit vat liéu dudi

dang taa hydroxit.

4.5 Kha nang loai bé ion kim loai

Nong do ion kim loai duoc tién hanh khao st ¢ diéu kién thuong ddi véi 4 mau.

Sau khi xac dinh duoc hiéu suat loai bo ion kim loai khoi dung dich cao nhat sé tiép tuc

duoc tién hanh khao séat kha niang hap phu theo diéu kién pH.

Tai diéu kién chuan, nong do dung dich dugc tién hanh do pho hap phu nguyén

tir tai pH khoang 7 va nhiét do 25°C.

Két qua
. Nong do ban dau | Nong do sau phantng | )
Mau Hiéu suat (%)
(ppm) (ppm)

Chitosan 49.7 8.95 82,3%
Chitosan — MgO 0.1g | 48.5 7.76 84%
Chitosan — MgO 0.3g | 49.3 6.049 87%
Chitosan — MgO 0.5g | 49.6 5.45 89%

Nhu vay dung véi du doan 1y thuyét, mau cé khdi lugng MgO cang 16n ang voi

kha ning loai b ion kim loai trong méi trudng nude cang cao. Co ché chinh trong viéc

loai bo ion kim loai 12 viéc tao két tua hydroxit ling dong dudi 16p day va su tao phic

cua ion sat trong chitosan
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C6 thé két luan ring dbi vai chitosan c6 khdi lvgng MgO 1a 0.5g kha ning loai bo
kim loai dat két qua tét. Do vay viéc khao sét su loai bo ion kim loai theo hai diéu kién
pH va theo thoi gian sé€ duoc so sanh bai chitosan va chitosan — MgO 0.5g

Khao sat theo diéu ki¢n pH

Thi nghiém duoc thiét ké so sanh kha ning loai bo ion kim loai trong méi truong

nudc tai ba khoang pH: 2, 4 va 6.

Két qua
oH Chitosan Chitosan — MgO 0.5g
Co C H% Co C H%
2 49.2 31 37% 49.6 27.3 45%
4 49.6 11.9 76% 49.3 8.88 82%
6 49.1 5.4 89% 49.7 2.5 95%

Két qua cho thay tai diéu kieén pH trong khoang 6, kha ning loai bé ion kim loai ¢

ca hai dung dich déu dat hiéu suat trong dbi tét.

O pH trong khoang 2, hiéu suat loai bo ion sat thap do ion Fe3* ton tai tot trong
dung dich ¢6 méi truong acid, trong moi tredng nay, -NHz s€ uvu tién nhan H* thanh
nhom -NHs* 1am kha ning tao phtrc dbi véi ion kim loai kém. Qua trinh loai bo ion kim
loai chu yéu dién ra tir viéc tao taa hydroxit tir MgO, d6 14 1y do vat liéu c6 MgO c6 hiéu

Suit cao hon vat liéu thuong.

O pH trong khoang tir 4, hiéu suat loai bo ion kim loai dwoc ting 1én dang ké do
kha nang tao phirc cua chitosan duoc cai thién, thém vao d6, mot phan luong sit trong
moi trudng sé bi két tua do kha ning tao taa dbi voi ion sat tir moi truong bit dau xay ra

khi pH dat tur 4.
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Déi vai khoang pH bang 6. Vt liéu s& dat hiéu suat cao nhat do kha ning tao phirc
tir chitosan va kha nang tao két tga ca ion dbi v6i méi truong dung dich va lugng ion
con lai sau khi khuéch tan s& tiép tuc duoc gitr lai nhd vao 1ép bé mat hydroxit coa vat
liu MgO.

Déi véi pH bang 7 & két qua trudc, kha ning loai bo ion kim loai kém hon dung
dich c¢6 pH biang 6 boi vi qua trinh ndy nhdm-NH: ton tai ¢ dang khéng mang dién tich,
chi c6 sy trao d6i ion H* tir nhém -OH, thém vao d6 kha ning nhan H* tir moi trudong ddi

véi MgO cua vat liéu duoc phdi tron bi han ché.
4.6 Két luan

O nhidm kim loai nang — dic biét 1a kim loai sat 1a mot trong nhiing van dé Ion caa
cac qudc gia ndi chung va cua Viét Nam néi riéng. Cac phuwong phap truyén thdng trong
xtr 1y nudc thai kim loai nang hién nay mang lai hiéu qua khong cao va tén nhiéu chi
phi. Do vay viéc nghién ctru va dé xuat mot vat liéu co kha nang dé tong hop, ré tién va

c6 phuong phap xt Iy don gian 1a mét van dé hét stc can thiét.

Chitosan dugc xem la vat liéu sinh hoc c6 nguon goc phd bién tir thién nhién, chaa
nhiéu trong l6p vo dong vat nhu tom, cua va mot sb céc loai dong vat giap xac. Co ché
loai bo ion kim loai chinh cua chitosan d6 1a kha nang tao phirc gitra ion kim loai vai hai
nhém chirc -OH va NH2. Do vay day ciing 1a han ché caa vat liéu ndy trong viéc loai bo

cac ion con du lai sau qué trinh khuéch tan.

Dé khic phuc dugce nhuge diém trén, vat liéu nano magie oxit d& xuat va tron 13n
trong chitosan nham muc dich loai bé nhiing ion con du sau qué trinh khuéch tan bang

viéc tao méi truong két taa hydroxit bén trén va bén ngoai bé mat vat liéu.

Qua cé4c két qua da duoc nghién ctu, kha ning loai bo ion kim loai da dugc céi

thién sau khi duoc phdi tron voi MgO. Kha ning loai bé kim loai cao nhat khi khéi lwong
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MgO dat 0.5g va dugc hira hen sé la vat liéu sinh hoc c6 kha nang tng dung rong rai

trong cong nghiép xt Iy nudc thai.

Tuy nhién, do sy phan b céac hat con thap va chira san pham phu Mg(OH)2 nén
kha ning loai bo ion kim loai trong méi trudng nude chua duoc tdi vu hda mot cach tét
nhat. Ngoai ra dé vat liéu nay c6 tiém ning cao trong quy mé cong nghiép ta can nghién

ctru kha niang nha ion kim loai dé giam thiéu chi phi san xuét.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

10.

11.

A.Balakrishnan D AR a A M, (2013), "SPATIAL DISTRIBUTION OF
HEAVY METAL CONCENTRATION IN GROUNDWATER IN AND
AROUND PALK STRAIT SEA SHORE AREA USING GIS
TECHNIQUES", International Journal of Innovative Research in Science,
Engineering and Technology, 2 (12), pp. 7650-7656.

A.Webb P, (2003), "Introduction to Chemical Adsorption Analytical
Techniques and their Applications to Catalysis", Technical Publications,
pp. 1-12.

Alavi M A, Morsali A, (2010), "Syntheses and characterization of
Mg(OH)(2) and MgO nanostructures by ultrasonic method", Ultrason
Sonochem, 17 (2), pp. 441-446.

Boehm H P, (1971), "Acidic and basic properties of hydroxylated metal
oxide surfaces", Discussions of the Faraday Society, 52 pp. 264.

FuF W, Q., (2011), "Removal of heavy metal ions from wastewaters: a
review", J Environ Manage, 92 (3), pp. 407-418.

Gerente C L, V. K. C. Cloirec, P. Le McKay, G., (2007), "Application of
Chitosan for the Removal of Metals From Wastewaters by Adsorption—
Mechanisms and Models Review", Critical Reviews in Environmental
Science and Technology, 37 (1), pp. 41-127.

Jaishankar M T, T. Anbalagan, N. Mathew, B. B. Beeregowda, K. N.,
(2014), "Toxicity, mechanism and health effects of some heavy metals",
Interdiscip Toxicol, 7 (2), pp. 60-72.

Jarup L, (2003), "Hazards of heavy metal contamination™, British Medical
Bulletin, 68 (1), pp. 167-182.

John G. Dean F L B, and Kenneth H. Lanouette, (1972), "Removing heavy
metals from waste water"”, Environ Sci Technol, pp. 518-522.

Kabiraz M, Jahan I, Masum S, Islam M, et al, (2016), "Effective Removal
of Chromium (V1) lons from Tannery Effluent using Chitosan-Alumina
Composite"”, International Research Journal of Pure and Applied
Chemistry, 10 (3), pp. 1-12.

Kumar M N V, (2000), "A review of chitin and chitosan applications",
Reactive and Functional Polymers, 46 (1), pp. 1-27.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Morais S C F, Pereira ML, (2012), "Heavy metals and human health, in
Environmental health — emerging issues and practice", pp. 227-246.
Pulford I, (2003), "Phytoremediation of heavy metal-contaminated land by
trees—a review", Environment International, 29 (4), pp. 529-540.

Richard L. Martin PJH a L R P, (1998), "Hydrolysis of Ferric lon in
Water and Conformational Equilibrium”, Physical chemistry A, 20 pp.
3565-3573.

Rinaudo M, (2006), "Chitin and chitosan: Properties and applications",
Progress in Polymer Science, 31 (7), pp. 603-632.

Robert O James T W H, (1971), "Adsorption of hydrolyzable metal ions at
the oxide—water interface", Colloid and Interface Science, 40 pp. 65-81.
Shahidul Islam M T, M., (2004), "Impacts of pollution on coastal and
marine ecosystems including coastal and marine fisheries and approach
for management: a review and synthesis", Marine Pollution Bulletin, 48
(7-8), pp. 624-649.

Stratis T S M Z, (1994), A study of air pollution with heavy metals in
Thessaloniki city (Greece) using trees as biological indicators, pp. 118-
124.

WONGNFYTayYs, (1995), "Spatial and Temporal Variations of
Heavy Metal Contamination in Sediments of a Mangrove Swamp in Hong
Kong", Marine Pollution Bulletin, 31 pp. 254-261.

Long N N, "Nghién ctu str dung dat phén dong bang séng Ctu Long thich
ung véi bién doi khi hau", Chuwong trinh KHCN - BPKH/11-15, pp. 1/24.
Pham Thi Pan Phuong, Trang Si Nhung, (2014), "TAN DUNG BA PAU
TOM TU QUA TRINH CHE BIEN BOT PAM GIAU CAROTENOID
BANG PHUONG PHAP KET HOP HAI ENZYME PROTEASE BE
THU HOI CHITIN VA CHITOSAN ", Tap chi Khoa hoc - Céng nghé
Thuy san 2pp. 37-41.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

