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Péc trung va kha nidng hap phu Rhodamine B ctia than sinh hoc
thuy nhiét ché tao ti ba chung cat tinh dau sa
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TOM TAT

Trong nghién ctu nay, ba chung cat tinh dau sa da dugc than héa bang qua trinh thay nhiét &
240°C trong 5 h, sau dé hoat héa bang KOH 5 M & nhiét dé phong trong 24 h. Cac dac trung cla
vat liéu than sinh hoc ba sa thay nhiét (TSHS) da dugc nghién cliu bang cac phuang phap kinh
hién vi dién tir bé mat két hop phd tan séc nang lugng tia X (SEM-EDS), hd hong ngoai (IR), bé mat
riéng va cau trdc x6p (BET). Két qua cho thay, TSHS co thanh phan chinh la C (~77%), ham lugng C
tang 1én dang ké so véi mau ba sa (~67%); trong TSHS van cé mat cac nhém chiic hitu co nhu C=0,
O-H, C-O-C vv. v6i cau tric x8p va bé mat riéng 18,3 m?/g. Qué trinh TSHS hap phu RhB da dugc
nghién cliu & cac pH khac nhau, thay d6i nbng dé ban dau ctia chat hdp phu va chét bi hap phy,
nhiét do va thai gian khac nhau. Hiéu suét va dung lugng thuc nghiém 16n nhat dat dugc khoang
94%, Qmax 14,93 Mg/g tai hdp phu 10 mg/L RhB bang 5 g/l vat liéu & pH 7. Qua trinh hap phu tuan
theo ly thuyét hdp phu dang nhiét Freundlich va mé hinh déng hoc bac 2, qué trinh hdp phu la tu
phat, thu nhiét, entro y duong. Co ché hap phu gobm ca hap phu vat ly va hap phu héa hoc. Cac
két qua nghién ctiu cho thay than sinh hoc tir ba chung cat tinh dau sa la mét chat hdp phu hiéu
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qua doi véi RhB.

Tukhoa: than sinh hoc thdy nhiét sa, phuong phap thay nhiét, hap phuy, Rhodamine B

MG PAU
> O nhiém nguén nuéc dang 13 mot vin dé nghiém
trong hién nay. Nguyén nhédn chinh giy 6 nhiém

w
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ngudn nudc thudng bt ngudn ti sy thai ra cdc chat
s doc hai ma phan 16n do san xudt cong nghiép nhu
6 cong nghiép thuc phim, cong nghiép hda chit, dét
nhudm, luyén kim, xi ma v.v.. Mdc dit nganh dét may

~

va san xudt da giay tao ra nhiéu viéc lam va déng gép
o gid tri16n va nén kinh t€ (Nam 2021, Viét Nam chiém
hon 10% thi phén giay xudt kh4u toan cu, Téng kim

©

o

ngach xudt khiu dét may va giay da nim 2022 la 71

ty USD, chiém 18% t6ng kim ngach xuft khdu ca

~

nuéel), nhung cing tiéu thy mot lugng 16n nudc,

@

néing lugng va hoéa chat. Cac chit thai tit cac nganh

v

nay bao gébm chit mau, nitrate, sulfur, naphthol, xa
phong va nhiéu loai kim loai nguy hiém nhu Pb, Cd,
Hg, Cu, Co, As, Ni, va nhiéu chét phu gia khéc?. Do
d6, nganh nay dugc coi 1a mét trong nhiing nguyén

o

S

nhén giy 6 nhiém manh ¢ nudc ta ciing nhu trén thé

20 gi6i®. Céc chit thii c6 chita thuéc nhudm khi xit Iy
2 chua triét d€, thai ra moéi truong giy dnh huéng mau
22 sdc nudc, kha nang truyén anh sdng, kha nang hoa tan
23 OXy, gay hién tugng phd dudng, thay d6i hoat dong tu

nhién cta chudi thiic an, dén stic khoe ctia con ngudi.

R
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Tiép xtic lau v6i chit mau con gy ra nhiéu van dé vé
stic khoe nhu di ting da, thi gidc, buén non, réi loan

o

tiéu hda, tim than v.v., ¢ chét c6 nguy co gay ung thu.
Céc chit mau thudng bén, kho bi phan huy tu nhién,
do d6 viéc loai bo thu6c nhudm khoi nude thai 1a vo
cling khé khin va rat cdn thiét*.

Rhodamine B (RhB) la loai thudc nhudém dugc st
dung kha phd bién trong nganh cong nghiép dét
nhuém, thudng duge st dung tryc tiép d€ nhuoém
mau vai, sgi bédng hay nhuoém gidy, nhudém tre nua,
manh tric da va ché myc viét. Dac biét RhB con dugc
st dung rong réi trong viéc tao mau sic trong qud
trinh ché bién thuc phdm va mot s6 linh vuc khac.
Tuy nhién, RhB la mdt chit tao mau cé doc tinh cao
c6 thé gy ung thu va gy dot bién cho bét ky sinh
vat nao°. Cé nhiéu phuong phap xii Iy RhB da va
dang dugc nghién ctiu, 4p dung gin diy nhu quang
xtc tac®, hép phu 7 qua trinh oxi héa bang plassmag,
qua trinh Fenton dién héa’, phan hity sinh hoc '¥ v.v.
Trong d6, phuong phap hip phu dugc quan tdm hon
ca do nhiéu uu diém ndi bat nhu don gian, dé thuc
hién, dé di€u chinh va hiéu qua. Céc chit hip phu
hién nay dang dugc nghién ctiu ciing rit da dang,
trong d6 dang ké tu cdc vat liéu c¢é ngudn gbc thién
nhién nhu vo chudill, hay bdt vo cam 12 va nhiéuloai
than sinh hoc (TSH). TSH dugc ché tao tii cic phu
ph&m néng nghiép, bing phuong phap nhiét phan”’
hay thaty nhiét'®, dugc bién tinh bing cic héa chat

Trich dan bai bdo nay: Thao T T, Hoa N T H, Thdm D T H. Péc trung va kha niang hap phu Rhodamine
B ctia than sinh hoc thay nhiét ché tao tir ba chung cét tinh dau sa. Sci. Tech. Dev. J. - Nat. Sci. 2025;
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khac nhau '4!° va dang cho thdy hiéu qua xti ly RhB
kha tét.
phdm néng nghiép san cé, ré tién, gidm thiéu viéc st

Loai vat liéu nay tdn dung dugc cac phu

dung cdc ngudn tai nguyén khoang san, giam phat thai
chat 6 nhiém vao méi trudng. Hon niia, cdc vat liéu
nay ¢ cdu truc tuong tu than hoat tinh nhung c6 chitia
mot s6 nhom chiic hitu co, mét s6 thanh phan khodng
chit, c6 thé loai bd nhiéu loai chit 6 nhiém nhu kim
loai ndng, cac phdm mau va du lugng khéng sinh v.v..
C6 thé ké dén mot s6 than sinh hoc nhu vo triu, vo
lac, ba mia, vo sdu riéng, rom ra, 16i ngd, ba ca phé
v.v.. Tuy nhién, hién dang c6 rét it céng bo vé than
sinh hoc tli cay sa '°.

Cay sa 1a cay gia vi ph6 bién & Viét Nam. Tinh dau sa
dugc st dung rong rai trén toan thé gigi. Qud trinh
chung cét tinh d4u sa ludn thai ra mot lugng 16n ba,
thuong dugc gom lai d6t chdy hodc @ thanh tro, ché
thanh gid thé cai tao dét trong. Lugng ba nay da qua
qué trinh chung cét tinh ddu nén céu trac ban diu
ctia 14 va than sa da bi phd v& ding ké, x6p va so hon,
giau carbon hon, néu dem ché tao than sinh hoc sé rat
thuan lgi. TSH qua bién tinh sé c6 cac dic trung tot
hon vt liéu chua qua bién tinh.

Do d6, trong nghién cttu nay, ching t6i tién hanh ché
tao TSH tit ba chung cat tinh d4u sa theo phuong phép
thay nhiét, sau d6 bién tinh bing kiém, nghién ctu
cac dic trung ctia vét liéu, danh gid kha nang hip phu
RhB ctia chung.

VAT LIEU VA PHUONG PHAP

Héa chat

Céc hoa chit duge st dung la cac héa chat tinh
khiét mic do phén tich: otassium hydroxide (KOH, 3
85%, Xilong), Rhodamine B (CrgH3;N,O3Cl, 3.95%
(HPLC), Sigma-Aldrich), sodium hydroxide (NaOH,
3 96%, Xilong), hydrochloric acid (HCl, 36-38%, Xi-
long), sodium chloride (NaCl, 3 99,5%, Xilong), nudc
cat, ba chung cdt tinh d4u sa thu hoi sau qud trinh
chung cat tinh d4u sa tai Phong Héa sinh, Vién Khoa
hoc Su séng, Truong Pai hoc Nong Lam Thai Nguyén.

Tong hop vat liéu

Ba chung cit tinh diu s dugc sdy kho trong tu siy,
bim vun rdi ray ldy kich thudc < 2 mm. Lay 8 g ba sa
tron déu véi 50 mL nude cét trong binh Teflon dung
tich 100 mL, dit vao trong b¢ thiét bi thay nhiét, lam
ndng t6i 240°C (t6¢ d6 gia nhiét 200°C/h) va i trong 5
h. Sau d6, loc 14y phan ba rdn, rtia téi trung tinh, sdy
khé, nghién min, ngdm ngép trong dung dich KOH
5 M & nhiét d6 phong trong 24 h, rtia lai téi trung
tinh, s&y kho va bdo quan & nhiét do phong dé€ stt dung
cho céc thi nghiém ti€p theo. Vat liéu dugc ky hiéu la
TSHS.

Cac phuong phap dac trung vat liéu

Dic trung cta vat liéu duge nghién ciiu bing cac
phuong phéap: tin xa ning lugng EDS két hgp véi
nghién ctu bé mét vi mod béng kinh hién vi dién tu
quét SEM trén thiét bi Hitachi S-4800 (Nhét Ban)
tai Vién Khoa hoc vat liéu- Vién han 1am Khoa hoc
va Coéng nghé Viét Nam, phé hong ngoai (IR) trén
thiét bi Spectrum Two ctia hang Perkin Elmer (My) tai
Trung tdm Thi nghiém - Trudng Pai hoc Khoa hoc,
Dai hoc Thdi Nguyén, phan tich bé mit riéng BET
TriStar 3000 V6.07 tai Khoa Hoa hoc, Trudng Pai hoc
Su pham Ha Noi

Xac dinh diém déng dién (pHpzc): mudi dung dich
NaCl 0,1 M da dugc chudn bi v6i do pH ban dau (pHi)
dao dong tli 3 dén 11, diéu chinh pH dugc thuc hién
v6i cac dung dich HC1 0,1 M va NaOH 0,1 M. 10 mg
mau da dugc thém vao 10 mL dung dich NaCl dugc
chuén bi & trén. Hon hgp dugc lac déu trong 3 git
va sau d¢ gitt 6n dinh & nhiét d6 phong trong 24 gi¢
trude khi dugc loc va do lai pH (pHy). Diém déng
dién thu dugc tit d6 thi sy bién thién ApH theo pH
ban dau.

Khao sat kha ndng hap phu Rhodamine B

Nong d¢ RhB dugc xéc dinh theo phuong phap phd
hap thu phan tt UV-Vis tai cuc dai hip phu 557 nm,
trén thiét bi NIR Jasco V770 tai Trung tAim Thi nghiém
- Truong Pai hoc Khoa Hoc- Pai hoc Thai Nguyén.
Khao sat cac yéu t6 anh hudng t6i kha nang hip phu
Rhodamine B: 0,01 g vat liéu cho vao 6ng Falcon 15
mL chifa 10 mL dung dich RhB néng d¢ 10 mg/L &
cac pH khac nhau (3,5,7,9,11), lac déu trong 3 h, ly
tam, loc 14y phan dich trong dem x4c dinh nong do
RhB con lai trong dung dich sau hip phuy, ti d6 tinh
toan hiéu sudt loai bo RhB khoi dung dich (hiéu suat
hép phu RhB ctia vatliéu). Dung dich c6 hiéu suit hap
phu cao nhdt dugc lua chon lam moi trudng trong cac
nghién ctu ti€p theo. Tiép do, cach tuong ty dugc
thuc hién khao sit anh hudng ctia néng do vat liéu
(1,2,5,10 g/L), ndong do RhB ban dau (10, 20, 30, 50,
100 mg/L), thoi gian (10, 30, 60, 90, 120, 180, 240,
300 phut) va nhiét d6 (298 K, 313 K) dugc thuc hién.
MBbi thi nghiém tién hanh 3 lan ldy gia tri trung binh.
Dung lugng hép phu (q, Illgg.gf1 ) va hiéu sudt hdp phu
(H,%) dugc tinh theo cong thuc:

Co—C,)V
Ge = (G-C)V 1)
m
= Q=) | 1000, 2)
0

Trong do, V (L) la thé tich ctia dung dich, m (g) la khéi
lugng ctia chat hdp phy, C,, C; va C, (mg/ L) 1a ndng
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do6 ban dau, nong do sau thoi gian hip phu t, néng do
& trang thai cAn bang hip phu ctia RhB.

Dii liéu thyc nghiém dugc m6 phong theo cac phuong
trinh h4p phu déng nhiét Langmuir, Freundlich va
Temkin theo cic phuong trinh sau!”:

C 1 C

i - 3
9 Kigm  qm 4

1
logq:long—F;logC (4)
ge = BInKr + BInC, (5)

Trong d6 Kz, Kr va Ky (L/mg) lan lugtla hing s6 hip
phu theo m6 hinh dang nhiét Langmuir, Freundlich
va Temkin. n la mot hang s6 trong phuong trinh
Freundlich, B 13 mot hing s6 trong phuong trinh
Tembkin.

Dbong hoc qua trinh hip phu dugc xem xét theo mod
hinh dong hoc bac 1 va bac 2 1an lugt theo cac phuong
trinh (6) va (7) 7:

log (qe —q1) = logge — kit (6)

t 1 t

i +
q  koql  qe

7)

Vi ki, ky 1a hing s6 t6c do phan ting bac 1 va béc 2.
kr1 vakyp 13 hing s6 t6¢ d6 phan ting & nhiét d6 T
vva Ty. Ning lugng hoat hoa E,, hing s6 can biang
qua trinh hip phu K7, ning lugng tu do Gibb AG,
enthalpy AH qua trinh hip phu tinh dugc theo céc
phuong trinh sau!”:

kr: E, 11
log-l = =4 (. _ 8
8 kr ~ 2303%R (Tz Tl) ®

Ce/cup

Ky = <P 9
T C 9)
AG=—RxT*InK¢ (10)

Kr, AH (1 1
log—2 = —— ( — _— — 11
CKr,  2303+H (T2 Tl) (1)

Trong d6 C,cyp 1a ndng d6 chit bi hdp phu trén bé
mat chét hdp phu tai thoi diém cin bang hip phuy,
Ce/CHP = CO - Ce; R= 8,314 ]/mol

KET QUA VA THAO LUAN

Cac dac trung vat liéu

Thanh phan nguyén t6 cta vat liéu dugc xdc dinh
ti phép do phd tan xa ning lugng EDS thé hién &
Hinh la. So véi ba sa, ham lugng mdt s6 nguyén t&
khodng nhu Na, K, Cl, va trong than da gidm trong
khi ham lugng C tang khoang 10%, chtng t6 sy than
héa da xdy ra kha t6t (mau sic san phdm chuyén tu
vang niu sang den). Cac lién két hiiu co trong vét
liéu dugc nghién ctu qua ph6 hong ngoai (FTIR) &
Hinh 1b cho théy trong TSHS con git lai mot s6 lién
két dic trung nhu trong ba s: lién két C-H tng véi s6
song 2849 va 2922 cm™!; lién két O-H tai viing 3413
cm~! 18, Tuy nhién, nhiéu lién két da bién mét nhu
lién két O-kim loai tai s6 song 437 cm™ ! lienkét C-H
ctia C vong thom tai 900 cm~ ! va vung 527-710 cm~!
[18]. Lién két CoC tai viing 2056 t6i 2168 cm ™! 19 va
lién két C-O-C déc trung bdi cac dinh hép thu 6 viing
56 séng 1038-1103 cm ™! cing gidm manh dinh hap
thu tai s6 séng 1640 cm~! da bi dich chuyén vé 1626
cm™!, s8 song nay thudng dic trung cho lién két C=0
ctia nhom carbonyl hodc carboxylic. Cac két qua nay
chiing minh: cac lién két hoa hoc ban dau trong ba sa
da bi thay d6i ddng ké boi qua trinh thiy nhiét. Tuy
nhién, TSHS van git dugc mot s6 lién két hitu co dic
trung, c6 thé ¢6 1¢i cho qud trinh hip phu.

Hinh thdi bé mat ctia TSHS dugc nghién ctu bing
quan séat qua kinh hién vi dién ti quét SEM (Hinh 1c).
Theo Hinh lc, bé mat 14 sd ban ddu (phién mong
1x2 cm) bi phé v& khong hoan toan thanh cic manh
nho khong d6ng nhat vé hinh dang kich thuéc nhung
khong tach hoan toan ra khoi nhau lam cho d¢ nham
bé mit ting manh, diéu nay lam ting ddng ké muc d¢
kém déng nhét, d x6p va dién tich bé mat riéng cua
san phdm thu dugc.

Dién tich bé mit riéng cua vat liéu dugc xac dinh tu
phép do BET, thé hién trén Hinh 1d, véi gid tri xac
dinh dugc 13 18,3 m?/g. Gid tri nay thudc mic trung
binh so v6i cac than sinh hoc thity nhiét khac 2’

Dic trung dién tich bé mat vat liéu dugc xac dinh
thong qua diém ding dién pH,, biéu dién trén
Hinh 2a.

Diém ding dién pH . 1a mot dic tinh quan trong ctia
chét hdp phu. Hinh 2a cho thdy ring dién tich diém
khong ctia TSHS la pH 3,8. Diéu nay cho théy dién
tich bé mat ctia TSHS la duong khi trong dung dich
c6 & pH< 3,8 va ngugc lai khi pH> 3,8 thi bé mét ctia
TSHS tich dién am.

Mét s6 yéu té6 anh hudng dén su hiap phu
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Hinh 1: Phé d6 EDS ctia ba Sa va TSHS (a); Phé FTIR ctia ba s va TSHS (b); Anh SEM ctia TSHS (c); Pudng cong hap

phu - khtt hadp phu Ny cia TSHS (d).

Anh huéng ctia pH méi truéng

Kha ning hdp phu RhB 10 mg/L béi TSHS 1 g/L trong
3 h dugc tién hanh & cac dung dich ¢6 pH (3, 5,7, 9
va 11). Két qua thé hién trong Hinh 2b cho thdy, khi
pH tédng tlii 3 dén 5 hiéu sudt hdp phu gidm nhe, khi
pH tiép tuc ting dén 7 thi hiéu sut hip phu tang dang
ké (63,86%), sau d6, gidm khi dung dich chuyén hén
sang vung base (53,51%).

RhB c6 cong thiic phan tit Co3H31 CIN, O3, cong thiic
c4u tao nhu Hinh 3a, 13 mot thuéc nhudm cation;
ma diém ding dién ctia TSHS 14 3,8, ttic 1a trong moi
truong c¢é pH dudi 3,8 thi bé mét TSHS sé tich dién
duong va ngugc lai, pH cang ting, dién tich am bé
mit cang tang. Nhu vay, 6 viung pH thap sy hép phu
yéu do vt liéu va RhB déu tich dién duong, ddy nhau.
Khi pH tang tii 5 dén 7 thi tinh 4m dién ctia bé mat
vat liéu ting nén hép phu ting. Khi sang moi trudng
base, tinh duong dién ctia RhB giam dén do tuong tac
véiion OH™ nén lyc hut tinh dién gitta TSHS va RhB
giam din. két qua nay cho théy tuong tac gitia TSHS
va RhB la tuong tac vat ly. Vay, cac nghién ctiu tiép
theo dugc thyc hién tai moéi truéng pH = 7.

Anh huéng cia ham luong vat liéu

Dé dénh gid anh hudng ctia ham lugng TSHS t6i hiéu
qua hdp phu RhB, thi nghiém st dung dung dich RhB
10 mg/L hip phu bdi cac ham lugng TSHS ti 0,5 t6i 10
g/L. Két qua dugc thé hién trén Hinh 3b cho thdy khi
ham lugng TSHS ting déan ti 0,5 t6i 5 g/L, hiéu suit
hép phu ting dan tii khoang 42% lén t6i 92% nhung
khi ham lugng TSHS tang t6i 10 g/L thi hiéu suat hip
phu chi ting nhe t6i 94%. Diéu d6 cho thay, khi lugng
than & noéng do 5 g/L da bét dau dat t6i hip phu can
béng ctia RhB 10 ppm. Nong d6 nay dugc dung trong
cac nghién cdu tiép theo.

Anh huéng ciia néng dé6 RhB

TSHS néng d6 5 g/IL dugc dung hdp phu cic dung
dich RhB néng d6 d4u khéc nhau, tii 10 t6i 100 mg/L
3 h tai nhiét d6 phong. Két qua dugc trinh bay &
Hinh 3c. Khi néng d6 RhB ting dén, hiéu sudt hdp
phu cling gidm ddn, diéu nay dé hiéu do ham lugng
vat liéu phu khong tang, s6 vi tri hdp phu thuén lgi
khong ting nhung s6 phén td chit bi hdp phu ting
kha nhiéu, do d6, ndéng do chit bi hip phu cang 16n,
ty 1é chat dugc hdp phu sé giam. Dung lugng hdp phu
cuc dai trong khoang nghién ctu thu dugc la 14,93
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Anh huéng cua théi gian va nhiét d6

Anh huéng ctia thdi gian t6i hiéu sudt hip phu RhB 20
mg/L béi TSHS 5 g/L & nhiét d6 phong va 40°C dugc
thé hién & Hinh 3d. Hinh 3d cho thdy, khi thdi gian
tiép xuc ctia chit bi hdp phu va chit hip phu kéo dai tit
0 t6i 120 phat, hiéu suat hdp phu ting kha nhanh (tu
0 t6i 89%), khi thai gian kéo dai téi 300 phat thi hiéu
suét hdp phu tang khong dang k& (92,6%). Diéu nay

cho thdy & khoang 180 phut (3 h) da dat t6i can bing
hép phu. Ngoai ra, nhiét d¢ ting 1én lam hiéu suét
hép phu gidm r6 rét. Thong thudng, nhiét do ting thi
chuyén dong nhiét ctia cac phén tt chét bi hdp phu
tang, néu tuong tac gitia chat bi hdp phu va bé mat
chét hip phu 1a tuong tac héa hoc thi lién két nay sé
tang lam hap phu tang, néu tuong tic nay la tuong tac
vat ly thi sé yéu di do chuyén dong nhiét. Két qua thuc
nghiém trén cho thdy tuong tdc gitia TSHS va RhB cha
yéu la tuong tac vat lIy. Két qua nay pht hgp v6i nhan
xét rut ra tit két qua nghién ctiu dnh hudng ctia pH té6i
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hép phu.

Céc di liéu thyc nghiém nay dugc dung tinh dung
luong hdp phu va nghién ctiu cdc mo hinh ly thuyét
vé hip phu.

Nghién cifu cac mé hinh déng nhiét hap phu
Dii liéu thyc nghiém anh hudng ctia n6ng d6 RhB téi
su hdp phu ctia TSHS 5 g/1 tai nhiét d6 phong sau 3
h dugc dénh gid su phu hop theo cdc mé hinh ding
nhiét hdp phu Langmuir, Freundich va Temkin theo
cac phuong trinh (3), (4), (5). Két qua thu dugc &
Hinh 4.

T Hinh 4 ta thdy, hé s6 tuong quan gitia di liéu thuc
nghiém v6i mo hinh hdp phu ding nhiét Freundlich
la 16n nhat (0,9967), 16n hon kha nhiéu so vdi mo
hinh Langmuir (0,9099) hay mé hinh Temkin (0,899).
Hiing s6 n ctia phuong trinh Freundlich la 1,75, ndm
trong khoang tin cdy cao. Diéu d6 cho théy tuong tac
gitia RhB v6i vé mat vatliéu TSHS c6 ban chitla tuong
tac vat ly, bé mit vét liéu c6 tinh dong nhét cao, cac vi
tri déu c6 kha nang hip phu RhB 2!,

Nghién ctu dong hoc va nhiét dong hoc
qua trinh hap phu

Tuong ty, di liéu thyc nghiém theo thoi gian va nhiét
d6 dugc mo hinh héa theo mo hinh dong hoc bac 1 va
béc 2 theo cdc phuong trinh (6) va (7) dugc thé hién
& Hinh 5.

Hinh 5 cho thdy, hé s6 tuong quan gitia thuc nghiém
va mo hinh dong hoc bac 2 (0,999) cao hon so véi
md hinh dong hoc bac 1 & ca hai nhiét d6 nghién
ciu. Hing s6 tdc do phan tGng & 298 K va 313 K
theo ly thuyét xdc dinh dugc lan lugt 1a 0,0363 va
0,0134 (phﬁtfl.mg*I.L). Tu d6 xac dinh dugc ning
lugng hoat hoa qua trinh hdp phu RhB trén bé mit
TSHS theo phuong trinh (8) 1a -6,2 (kJ/mg.K). Hing
s6 can bing qua trinh hdp phu ¢ 298 K va 313 K tinh
theo phuong trinh (9) 14n lugt 1a 15,5954 va 5,8625.
T d6 tinh dugc ning lugng tu do AGpeg, AG3zj3 va
AH (598 - 313) lan lugt la - 6,3 KJ; - 4,4 kJ va 39,5 k.
Nhu véy, qué trinh hép phu la tu dién bién (AG < 0),
thu nhiét (AH > 0); ngoai ra bién thién entropy tinh
theo phuong trinh (10) trong qua trinh hdp phu lu6n
duong, qud trinh xay ra theo chiéu ting dan entropy.
Noi cich khéc, vé mat nhiét dong luc hoc, qud trinh
hép phu RhB trén bé mit TSHS xdy ra thuén lgi vé
mat ning lugng. Gid tri AH cho thdy ban chat lyc hép
phu thién vé lvic héa hoc, két qua nay phtt hgp véi kiéu
dong hoc béc 2, tuy nhién, khéng hoan toan phtt hgp
v6i mo hinh hap phu ding nhiét Freundlich. Diéu nay
c6 thé giai thich 1 16p hap phu dau tién la 16p hdp phu
héa hoc, lam thay d6i tinh chit bé mat chat hdp phu

dan t6i kha nang hip phu cac 16p tiép theo theo kiéu
hép phu vét ly trén 16p hdp phu thi nhat, hinh thanh
da 16p hip phu theo mé hinh Freundlich.

KET LUAN

Than sinh hoc di dugc téng hop thanh cong ti ba
chung cat tinh ddu s& theo phuong phép thuy nhiét
& 240°C trong 5 h v6i ty 1é khéi lugng ba sa/thé tich
nude = 8 g/50 mL, sau d6 dugc hoat héa bing KOH
5 M & nhiét d6 phong trong 24 h. Than ¢4 ciu tric
x0p, cac 16p than mong chdng 1én nhau; thanh phan
chinh la C; trong vt liéu c6 mat mét s6 nhom chiic
hiiu co nhu C=0, O-H, C-O-C, diém ding dién thip
(3,8) vabé mit riéng trung binh Sprr = 18,3 mz/g. Vat
liéu téng hgp c6 kha ning hdp phu chdt mau RhB hiéu
qua nhit trong moéi trudng trung tinh. Khi ham lugng
vat liéu ting, néng d RhB gidm thi hiéu suit hdp phu
tang. Thai gian tiép xuc tang hiéu suit hdp phu ting,
can bang hédp phu dat dugc & khoang 3 h. Nhiét do
tang hiéu sudt hdp phu gidam. Tai nong d6 RhB 10
ppm, 10 g/L TSHS dat hiéu sudt hdp phu cao nhit,
khodng 94%. Trong khoang néng d6 nghién ctu,
dung lugng hidp phu cuc dai dat 14,93 mg/g. Thuc
nghiém hdp phu pht hgp v6i mé hinh déng nhiét hdp
phu Freundlich va dong hoc bic hai. Qua trinh hip
phu c6 nang lugng hoat héa nho, tu dién bién, thu
nhiét, ting entropy. Tuong tdc gitia vat liéu va RhB
bao gom ca tuong tac vat ly va tuong tac héa hoc.

DANH MUC CAC TU VIET TAT

RhB: Rhodamine B.

SEM-EDS: Scanning electron microscopy - energy
dispersive pectroscopy.

FTIR: Fourier transform infrared spectroscopy.

BET: Brunauer- Emmet — Teller.

TSH: Than sinh hoc

TSHS: than sinh hoc ti ba sa

XUNG POT LO1 iCH

Cac tac gia dong y khong c6 bat ky xung doét lgi ich

nao lién quan dén cac két qua da céng bo.

PONG GOP CUA TAC GIA

Diép Thi Hong Thim thuc hién cac thi nghiém, thu
thép, xt ly cac dii liéu va viét ban thao.

Truong Thi Thao hé trg xttly cac diiliéu trinh ty; dong
vai tro dinh hudng, 1én ké hoach nghién ctu.
Nguyén Thi Hong Hoa gép phén théo ludn cac két qua

nghién ctiu, hoan chinh ban thao.
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Characterization and rhodamine B adsorption of hydrochar made
from the distilled waste of lemongrass

Thao Thi Truong, Hoa Nguyen Thi Hong, Tham Diep Thi Hong"

e
AN ABSTRACT
ey In this study, the distilled waste of lemongrass has been carbonized by hydrothermal treatment
OEE Lo at 240°C for 5 h then activated with 5 M KOH at room temperature for 24 hours. The prepared
Use your smartphone to scan this hydrochars were characterized by scanning electron microscopy-energy dispersive pectroscopy
QR code and download this article (SEM-EDS), Fourier transform infrared spectroscopy (FTIR), and Brunauer- Emmet - Teller (BET). The

results show that the main component of hydrochar is C (~77%), increased significantly compared
to the distilled waste of lemongrass (~67%) the hydrochar still maintained functional groups such
as C=C, C=0, C-O-C, C-C... with a BET surface area of 18.3 m2g‘1. Some factors affecting the ad-
sorption process of Rhodamine B (RhB) by the prepared hydrochar were investigated, including
pH, initial RhB concentration, adsorbent dosage, contact time, and temperature. The maximum ef-
ficiency achieved was the adsorption of 10 mg/L RhB by 5 g/L of hydrochar at pH 78, approximately
949%, Qumax Of 14.93 mg/g. The adsorption isotherm was well described by the Freundlich isotherm
model and pseudo-second-order reaction kinetics. The adsorption is spontaneous, endothermic,
and with increased entropy. This indicates that the adsorption mechanism includes both physical
and chemical adsorption. The results demonstrate that the hydrochar obtained from the distilled
waste of lemongrass is an effective RhB adsorbent.
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