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TOM TAT

Bai bdo gidi thiéu két qua nghién ciru xdy dung quy trinh ché tao vit liéu hdp phu tir vé ca phé
Va ddnh gid kha ndng g dung dé xir Iy Cr(VI) trong méi truong nwée. Vit liéu hap phu dwoc ché
tao qua 2 giai doan: Nhiét phin & 350 °C, 1 h va ngam tam véi KOH 1 M, 24 h, nhiét phdn 700
°C, 2 h. Vit liéu sau ché tao dwoc danh gia déc tinh va cdc yéu t6 anh hwéng dén qud trinh hap
phu. Két qua nghién ciru cho thdy, hiéu qua xit Iy Cr(VI) trong nuée dat 98,72% ¢ pH 3, thoi gian
180 phit va ty Ié vt liéu hap phu la 0,5 g/100 mL. M6 hinh ddng hoc biéu kién béc 2 va mé hinh
hdp phu ddng nhiét Langmuir phit hop dé mé ta qud trinh hdp phu ciia vt liéu doi véi Cr(VI).

Tir khoa: Hap phy; V6 ca phé; O nhidm kim loai ning; Crom(V1).
1. MO DAU

Trong cac tac nhan gy 6 nhiém moi trudng nudc, kim loai niang 1a tac nhan duoc quan tim
nghién ctru hang dau vi ddy 1a doc chat bén, c6 kha nang tich lity sinh hoc cao, gy rui ro sinh thai
va anh huong téi stic khde con nguoi [1]. Crom duoc ing dung rong rai trong cac nganh son ma,
dét nhuom, thudc da. Trong mdi truong nudc, crom thuong tdn tai & dang Cr(IIl) khong doc va
Cr(VI) rat doc d6i vi moi trudng va con ngudi [1, 2]. Su 6 nhidm Cr(VI) trong méi trudng nude
gdy ra nhidu bénh tat nhu di Gng da, cac van d& vé da day, rudt, suy ho hap, hoai tir da, gy ton
thwong hé sinh san nam va duogc cho 1a c6 thé gy ung thu [3]. Do dé, loai bé Cr(VI) trong moi
truong nudc 1a mot van dé can duoc tap trung nghién ciru.

Hién nay, c6 mét sb phuong phap duoc cac nha khoa hoc nghién ctru dé loai bé Cr(VI) trong
moi truong nudc nhu xtc tac quang, keo tu, oxy hoa dién hoa, trao d6i ion va hap phu [4]. Trong
do, hap phu la mét trong cac phuong phap pho bién dugc nghién ctru dé loai bo Cr(VI) v6i mot sO
vu diém nhu hiéu suét cao, quy trinh don gian va chi phi thip do vat liéu hip phu duoc san xuat
tir sinh khéi dong thuc vét nhu gd, cui, tre, nira, xwong dong vt [5].... Thue tién cho thay, nguon
cung nguyén liéu sinh khdi c6 xu huéng suy giam do sy phat trién kinh té va gia tang dan so dan
dén dién tich canh tac dan thu hep lai. Do do, nhiéu nghién ctu da tép trung vao phé phu phim
ndng nghiép dé san xudt vat liéu hip phu, ting gia tri kinh té va giam chi phi xir Iy chat thai thir
cap. Bai bao nay giéi thidu két qua nghién ctru ché tao va xu Iy Cr(VI) trong moi truong nude bang
vt ligu hap phu tur vo ca phé. Ca phé la loai cay trong dong vai tro quan trong trong co céu kinh
té, 1a mat hang xut khau chu lyc ciia Viét Nam. Viéc san xuat ché bién ca phé hang nam s& thai
ra mot lugng 16n vo ca phé, gay uy co 6 nhiém méi truong néu khong duge xir ly ding cach. Voi
thanh phan chinh cellulose va lignin [6], c6 thé coi day 1a ngudn nguyén lidu gidu cacbon dé san
xudt vat liéu hip phu.

2. THUC NGHIEM

2.1. Hoa chét, thiét bi
2.1.1. Héa chat
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Cac hoa chat sir dung cho nghién cru bao gdm: Vo ca phé (xa Ae Tén, huyén Krong Nang, tinh
bak Lak), KOH (85%, Trung Quoc), K2Cr207 (99,7%, Trung Quoc), photphoric acid (85%, Durc
Giang), 1,5-diphenylcabazite (AR, Trung Quoc).

2.1.2. Thiét bi

Céc thiét bi sir dung trong nghién ctru bao gdm: Can phan tich dién tir Mettler héng Toledo
(Thuy S§), d6 chinh xac + 0,1 mg; but do pH Total Meter (M§), mdy do quang phé UV Vis
Shimadzu 1900i (Nhét Ban); may cat nudc siéu tinh khiét Mili- -Q Direct 8 (Merck Millipore, Phap),
10 nung SX2-5-12 (Trung Qudc), ti se}y HN-101 (Trung Qudc), may khudy tir gia nhiét DLAB
(My¥), may lac ngang HY-4 (Trung Qudc).

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp ché tao va danh gi ddc tring ky thudt cia vt liéu hdp phu tir vé ca phé

Vo ca phé duoc rira sach,‘ phoi khd, nhiét phan lan 16 359 °C, sau d6 bién tinh véi tac nhﬁq
KOH va tiép tuc nhiét phan lan 2 ¢ 700 °C thu duoc vét 1iéu hap phu (VLHP) (hinh 1). VLHP ché
tao dugc dugc danh gid cdc hinh thai cau trac va tinh chat hoa ly bang cac ky thuat nhu FT-IR,
SEM, BET, xac dinh diém dién tich khong pHpzc.
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Hinh 1. Quy trinh ché tao VLHP tir vo ca phé.
2.2.2. Phuong phdp déanh gid hiéu qua xit Iy Cr(VI) ctia VLHP sau ché tao

Hiéu qua xtr Iy Cr(VI) ctia VLHP di duoc khao sat dya trén dnh hudng ctia cac yéu td: pH, thoi
gian xir 1y va ty 1é cia VLHP. Cu thé, pH ciia dung dich dugc diéu chinh tir 1 dén 7 bang HC1 0,1
N hodc NaOH 0,1 N; thay ddi ty 16 VLHP tir 0,1 - 0,7 /100 mL dung dich Cr(VI) 10 mg/L va thoi
gian xir 1y tang dan tir 30 phat dén 180 phdt. Hon hop sau xir Iy duge loc va dénh gia ndng do
Cr(VI) con lai trong dung dich bang phuwong phép so mau tai budc song 540 nm trén thiét bi UV
Vis Shimadzu 1900i (Nht Ban). Pudng chuin Cr(VI) x4c dinh duoc 1 y = 0,4374x + 0,0004 v6i
hé s6 hoi quy tuyén tinh dat R? = 0,994

DPong hoc ciia qua trinh hip phu Cr(VI) trén VLHP dugc nghién ctru theo hai mé hinh dong
hoc: biéu kién bac 1 va biéu kién bac 2. M6 hinh Langmuir va Freundlich duoc stir dung dé khao
sat dong hoc déng nhiét cta qua trinh hip phu Cr(VI) trong nuéc caa VLHP sau ché tao.

3. KET QUA VA THAO LUAN

3.1. Két qua ché tao vit liéu

Vit liéu hép phu tir v ca phé dugc ché tao qua 2 giai doan. Giai doan 1 - nhiét phan xay ra qua
trinh mat nuéc, phan huy mét phan hop chét hiru co. Khi CO; tir qua trinh phan hity thoat ra tao
thanh vt liéu co cau trac xdp. Nho d6, dién tich bé mat cua vét liéu tang 1én, tang cuong kha nang
tlep xtc voi KOH bién tinh & giai doan 2. Hiéu suét thu hdi vat lieu & giai doan 1 1a 56,7%. Giai
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doan 2 - bién tinh xay ra qua trinh phan tng giita cacbon trong vt liéu va KOH trong qué trinh
ngAm tAm, hinh thanh K,COs. Khi nhiét phan & 700 °C, K;COjz phan hity thinh CO, CO; thoat ra,
tao ra nhiéu 15 x5p m&i. Hiéu sudt thu hdi vat liéu & giai doan 2 13 59,3%, hiéu suét thu hdi vét liéu
ca qua trinh 1a 33,6%.

3.2. Két qua danh gia dic trung ky thuit cia vét liéu hip phu sau ché tao

3.2.1. Phé FT-IR ciia VLHP

Két qua ghi phd IR ctia mau VLHP trudc va sau bién tinh bang thiét bi Bruker Tensor Il duoc
thé hién trong hinh 2. Trén phé IR xuét hién cac bing song hap thu dic trung cho cac nhém chirc,
lién két c6 mat trong vat liéu VLHP. Bang song hap thy tai 3294 cm™ dic trung cho dao dong hoa
tri cua nhom -OH, tai 2921 cm™ dac trung cho dao dong hoa tri cua lién két —CH (no). Bang song
hép thu xuét hién tai 1567 cm™ dic trung cho dao dong hoa tri cia lién két C=C trong vong thom,
diéu nay dugc khang dinh thém béi dao dong bién dang ngoai mit phang cuia lién két =CH trong
vong thom tai 787 cm™. Bing song hép thu tai 1376 cm™ dic trung cho dao dong hoa tri cia nhém
COs? d3 hinh thanh trong qua trinh nung. Trén ph IR ctia VLHP sau ché tao, cac peak dic trung
cho céc hop chét hiru co da khong con, cho thay ring VLHP di duoc v co hoa hoan toan.
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Hinh 2. Phé FT-IR ciia mau VLHP trude (a) va sau bién tinh (b) véi KOH nong dé 1 M.
3.2.2. Hinh thdi hoc ciia vt liéu hdp phu

Hinh thai hoc bé mit ciia VLHP trudc va sau bién tinh duge xac dinh trén thiét bi kinh hién vi
dién tir quét ISM-6510LV (Jeol, Nhat Ban) (hinh 3).

£ W

Hinh 3. Anh SEM: (a) V6 cd phé; (b) VLHP truée bién tinh; (c) VLHP sau bién tinh.

Bé mit ctia VLHP trugc bién tinh ¢6 nhiéu méanh nho, kha déng déu, xen 13n manh vun, c6 mot
s6 16 xép nhd do trong qua trinh nhiét phan, dudi tdc dung cua nhiét d9, thanh ph::in hiru co nhu
cellulose, hemicellulose va lignin c6 trong vo ca phé bi phan huy sinh ra khi CO-. Trong qué trinh
bién tinh, cacbon co trong vt lidu phan tng véi KOH tao thanh K2COjs, ddng thoi lam ting cac
diém khiém khuyét trong cdu triic vét lidu. Trong qua trinh nung tai 700 °C, K,COj tiép tuc nhiét
phan thanh CO; thoat ra, do do, thé tich 15 rdng va dién tich bé mat riéng ciia VLHP sau bién tinh
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duoc cai thién. Dé xac nhan cau tric 15 rong tir két qua chup anh SEM, mau VLHP trudc va sau
bién tinh duoc xac dinh dién tich bé mat riéng bﬁng thiét bi Micromeritic ASAP 2060. Két qua
trén bang 1 cho thdy, VLHP sau bién tinh bang KOH c6 dién tich bé mat riéng (BET) dat 383,64
m?/g va thé tich 16 rong dat 0,179 cm®/g, cao hon so vi VLHP trudc bién tinh (twong tmg 1 336,26
m?/g va 0,157 cm®/g). Puong kinh 13 rdng trung binh cia VLHP 14 6,219 A, cho thay day 1a vat
liéu vi mao quan.

Bing 1. Két qua do BET ciia vt liéu hdp phu.

Vit liéu Trwéc bién tinh Sau bién tinh
Dién tich bé mat theo phuong phap BET, m?/g 336,256 383,638
Dién tich bé mat Langmuir, m¥/g 485,906 538,188
Thé tich 16 micro, 10 cm®g 0,157 0,789
Kich thudc 16 trung binh, A 6,220 6,219

3.3. Két qua x4c dinh pHpzc
Diém ding dién (pHpzc) 1a gia tri pH ma tai d6 bé mat ctia chat hip phu trung hoa vé dién. Khi

pH < pszp, bé mat vat liéu mang dién tich duong, khi pH > pHpzc, bé mat vat liéu mang dién
tich am. Ket qua x4c dinh pHpzc cua VLHP theo phuong phép cua Balistrieri va Murray [7] cho
thay ¢ nong d6 NaCl 0,1 M, gia tri pHpzc ciia VLHP sau ché tao dat 3,71.
3.4. Két qua nghién ciru hiéu qua xir Iy Cr(VI) bing VLHP sau ché tao

3.4.1. Anh huong ciia pH t6i hiéu qua xir Iy

7 Két qua tai hinh 4 cho thdy, VLHP bién tinh ¢6 hiéu qua xu 1y Cr(VI) twong déi cao, trén 70%.
O cung nong d6 KOH bién tinh, kha nang hap phu Cr(VI) giam khi pH tang. C6 thé giai thich rang,
¢ pH thép, Cr(VI) chu yéu ton tai ¢ dang anion (HCrOy), trong khi d6, bé mat VLHP mang dién
tich duong (pH < pHpzc), do d6, xdy ra tuong tac tinh dién gitra chat hap phu tich dién dwong va
céc ion HCrOy4 tich dién am. Khi so sanh hi¢u qua xir 1y Cr(VI) cua cac mau vat liéu bién tinh voi
noéng do KOH khéc nhau ¢ cung mot gid tri pH, hi¢u qua xur 1y ¢6 xu hudng giam khi ting néng do
KOH bién tinh. Diéu nay c6 thé giai thich la do néng do KOH ngam tdm cang cao, lugng du thira
KOH khong tao thanh K>.COz ma gay bit cac 10 rong hién co, lam can tré qua trinh thoat khi CO-
khi nhiét phan, khién kha ning hinh thanh 16 rong giam, dan dén dung luong hap phu Cr (VI) giam.
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Hinh 4. Hiéu qua xir Iy Cr(VI) ¢ cdac pH khdc nhau cua VLHP.

O nong d6 KOH bién tinh Ia 1 M, pH = 1 va ndng d KOH 1,5 M, pH = 1 ¢6 hiéu suét xi Iy
Cr(VI) cao nhat (9§,29%). Tiep dén la mau VLHP biép tinh voi KOH 1,5 M, pH = 2 dat hiéu suat
xu 1y 94,6% va mau VLHP 1 M, pH = 3 dat hiéu suat 93,92%. Do d6, mau VLHP bién tinh v6i
KOH 1 M va pH = 3 dugc lua chon cac nghién ctru tiép theo, vira dam bao tiét kiém hoa chit,

tranh dn mon thiét bi va hiéu suét xtr 1y cao (d6 chénh léch hidu qua xtr 1y so v6i mau cao nhét
khong déng ké (1,37%)
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3.4.2. Anh huéng ciia thoi gian phan vmg dén hiéu qud xir Iy Cr(VI)

K&t qua danh gia anh huong cua thoi gian phan tmg dén higu qua xir Iy Cr(VI) dugc the hién
trong hinh 5a cho thay hi¢u qua hap phu Cr(VI) ty 1¢ thuan véi thoi gian. Khi tang thoi gian phdan
g tir 30 phut den 180 phut hiéu qua xu Iy Cr(VI) tang tir 85,23% dén 98,72%. Do vay, thoi phan
ung toi uu dugc lua chon la 180 phut dé thuc hién cac thi nghiém tiép theo.

3.4.3. Anh huong ciia ty 1é vit liéu hdp phu t6i hiéu qua xir Iy

Két qua danh gia anh huéng cia khéi lugng vat lidu hip phy toi higu qua xir 1y duoc thé hién
trong h]nh 5b cho thay, khi tang khoi lugng VLHP tir 0,05 g dén 0,5 g thi hiéu qua hap phu tang rat
dang ké tur 32,42% dén 98,72%. Sau khi tang khoi luong VLHP 1én 1,0 g thi hiéu qua hap phy thay
d@i khong dang ke. Do’dé, khoi luong VLHP dugc chon 1a 0,5 g vi sy hap phu Cr(VI) da gan dat c@n
bang, viéc gia ting khoi luong gy ton chi phi nguyén liéu song hi¢u qua xtr ly tdng khong dang ke.
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Hinh 5. Anh huong ciia thoi gian (a) va ty 1é VLHP (b) t6i hiéu qua xit Iy Cr(VI).
3.5. Két qua xac dinh md hinh dong hoc qua trinh hip phu Cr(VI)

DBong hoc qua trinh hép phu Cr(VI) ciia VLHP sau ché tao dugc dénh gia théng qua 2 md hinh
dong hoc biéu kién bac mot va bac hai dwa vao két qua nghién ctru anh huong cua thoi gian hap
phu t6i dung luong hap phu Cr(VI) trong mbi truong nude. Két qua tinh toan (bang 2) cho thay,
qua trinh hap phu Cr(VI) trén VLHP tuén theo md hinh dong hoc bi€u kién bac hai v6i gia tri R?
= 10,9988 cao hon so v&i gia tri R? trong md hinh dong hoc biéu kién bac mot 1a R? = 0, 8756. Gia
tri qe tinh theo mé hinh (Gemn, 2,08 mg/g) ctia phuwong trinh dong hoc biéu kién bac 2 ciing gan voi
gia tri thyc nghiém (qgetn, 1,98 mg/g)

Bing 2. Cdc tham sé ciia phwong trinh déng hoc.

Phuong trinh ddng hoc béc 1 Phuong trinh dong hoc bac 2
R? K1 QemH Qetn R? Kk QemH Qetn
0,8756 0,0212 0,79 1,98 0,9988 0,06 2,08 1,98

) Pé xem xét sy phu thudc cua dung luong hép phu theo négg d6 Cr(VI) dugc hap phu, sir dung
s liéu thuc nghiém d¢€ 1ap duong hap phu dang nhiét phd bién la mo hinh Langmuir va mé hinh
Freundlich. Két qua thé hién trong hinh 6 dudi day.
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Hinh 6. Puong dding nhiét hip phu Langmuir (a) va Freundlich (b).
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Tir gid tri R? cho thiy, mé hinh hip phu dang nhiét Langmuir (hap phu don 16p) (hinh 6a) md
ta twong d6i chinh xac qua trinh hap phu Cr(VI) cta vat lidu ché tao dugc. Muc do tuyén tinh R?
dat 0,981, 4p vao phuong trinh Langmuir ta c6 dung lugng hép phu cuc dai cia VLHP sau ché tao
Qmax = 3,35 mg/g.

4. KET LUAN

VLHP tir vé ca phé da duoc ché tao thanh cong qua 2 giai doan, c6 dién tich bé mit riéng
383,838 m?/g, kich thudc 16 trung binh 6,219 A. VLHP sau ché tao ¢6 kha ning xir Iy Cr(VI) trong
nude va dat hidu qua tdi wu (98,72%) tai pH = 3, thoi gian 180 phit va ty 18 vat liéu 1 0,5 g/100
mL. Toc do hép phu tuén theo phuong trinh dong hoc biéu kién bac 2, su hép phu xay ra tuan theo
c4 hai m6 hinh dang nhiét Langmuir va Freundlich, trong ¢6 mé hinh hap phu don 16p Langmuir
mo ta qua trinh hap phu hop Iy hon so v6i mé hinh Freundlich. Dung lugng hip phu cuc dai cia
VLHP sau ché tao voi Cr(VI) trong nude dat 3,35 mg/g.

Loi cdm on: Nhom tac gia chan thanh cam on sy tai tro kinh phi cho dé tai cap Bo Tai nguyén va Méi
triwong, ma so TNMT.885.07.
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ABSTRACT

Synthesis adsorbent materials from coffee husk and determine
the efficient removal Chromium(V1) in water

This study introduces the results of the research on the construction of the process of
making adsorbent materials from coffee husk and evaluates the applicability to treat Cr(VI)
in water. The adsorbent material is made through 2 stages: Pyrolysis at 350 °C, 1 h and
impregnation with KOH 1 M, 24 h, pyrolysis 700 °C, 2 h. Materials were evaluated for their
properties and factors that affect the adsorption process. The results showed that the
treatment efficiency of Cr(VI) in water reached 98,72% at pH 3, 180 minutes and the
adsorption material ratio was 0,5 ¢g/100 mL. The pseudo-sencond-order kinetic model and
the Langmuir isothermal adsorption model were suitable for describing the adsorption
process of materials with Cr(VI).
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