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amorphous carbon, rich in organic functional groups, the BET surface
Hydrochar area was 24.6 m?/g. Several factors affecting to the adsorption process of
Lemongrass AMO in aqueous media by TSHS were evaluated: pH, initial AMO
Adsorption concentration, the TSHS dosage, the adsorption time. The results showed

o that: the adsorption was the most effective at pH of 5, adsorption
Amoxicillin equilibrium was reached at 3 h, the smaller the initial AMO
Freundlich isotherm adsorption concentration (5 — 10 ppm) and the higher the TSHS dose (3.0 — 5.0
g/L), the adsorption efficiency was about 90%. The experimental
adsorption process was consistent with Freundlich isotherm adsorption
model and the second-order kinetic model. It means that, the adsorption
mechanism terminates both physical adsorption and chemical adsorption.
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TU KHOA (XRD), phuong phap pho hng ngoai (IR), kinh hién vi dién tir quét (SEM)

va phuong phap phan tich bé mat riéng (BET). Két qua cho thay, nguyén
Than sinh hoc thiy nhiét liéu da bi carbon hoa tét, gidu cac nhom chuc hitu co, dién tich bé mat
Sa riéng dat 24,6 m’/g. Cac yéu t6 anh hudng t6i kha nang hdp phu AMO
H4p phu trong moi trudng nudc cua than sinh hoc sa da dugc khao sat nhu pH, nong

o d6 dau cia AMO, ham lugng than su dung, thoi gian hap phu. Két qua cho
ArTlOXICIlllp thdy, su hap phu. t6t nhit xay ra tai pH bang 5, dat can bang hap phuy sau 3
Hap phu dang nhiét Freundlich  h, khi ndng d6 dau ciia AMO cang nhé (5 -10 ppm) va lugng than sir dung
du I6n (3,0 — 5,0 /L) thi hiéu suat hap phu dat khoang 90%. Qué trinh thuc
nghiém hép phu pht hop véi md hinh 1y thuyét hip phu dang nhiét
Freundlich va m6 hinh ddng hoc bac hai, cho théy co ché hép phu c6 tinh
trung gian giita hap phu vat 1y va hip phu héa hoc.
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1. Pitvan dé

Amoxicillin (AMO) 1a mt aminopenicillin, mét khang sinh thugc nhom beta-lactam, c6 kha
nang diét mot s6 loai vi khuan, dic biét 1a truc khuan gram am, phé tac dung rong, dung diéu tri
nhiém trung giy ra do cac loai vi khuan nay. AMO do d6 1a loai khang sinh duoc str dung kha
phd bién vai hiéu qua kha tbt, duoc bao ché & nhiéu dang véi lidu lwong khac nhau. AMO bén
trong moi trudng axid, duge co thé hap thu tét. Tuy nhién, khoang 43 - 80% liéu ubng AMO bj
thai nguyén dang ra nuéc tiéu trong vong 6 - 8 gid, 30-40% liéu tiém hoic udng thai qua phan.
Mot sb thdng ké cho thdy AMO trong nuéc & mirc ng/L toi mg/L [1]. Chimng to, AMO bj thai ra
moéi trudng véi lugng kha 16n. Su ¢ mit cia AMO c6 thé gay di ing nghiém trong Véi cac loai
nhay cam, ké ca nguoi, ddng thoi gy ra gen khang khéang sinh. Doc tinh cua AMO véi mot sb
loai sdng dudi nude da duoc nghién ciu cho thay, lidu giy doc LCsy cho ca Oryziaslatipes 1a
1000 mg/L sau 96 h, hay mot loai tao luc nam la 1,56 ug/L téi 50 mg/L [2]. Do do, viéc loai bo
du luong AMO trong mdi truong 1a vo cling can thiét.

Ciing d3 c6 nhiéu phuong phap loai bé6 AMO dugc nghién ctru nhu phan huy quang [3], két
hop phan huy (quang xuc tac, xuc tac, ozon hoa) — si€u am [4], oxy hoa sinh hoa, hép phu [5].
Trong do, héap phu 1a mét phuong phap c¢6 nhiéu wu diém, duoc nghién ctu véi nhiéu loai chat
hip phu khac nhau: hat lda mi, tro vé hanh nhan, vo thong, bentonite, graphene oxide, graphene
oxide bién tinh, than hoat tinh, than hoat tinh bién tinh [1], va nhiéu loai than sinh hoc, than sinh
hoc bién tinh [6], [7]. Tuy nhién, chua c6 cong bd nao sir dung than sinh hoc ché tao tir cay sa
lam chat hap phu AMO.

Sa 1a mot cay trong phé bién & nhiéu noi, duoc dung cho nhiéu muyc dich nhu thuc pham, my
pham, dugc pham, trong d6 phd bién nhat 1a diéu ché tinh dau [8]. Qua trinh nay dé lai mot lugng
ba sa rat 16n, cha yéu 1 thanh phan bén hay dung lam chét trong cdy, tham chi c6 thé dét bo [9].
Qua trinh chung ct tinh dau da loai bd mot lugng én cac chat hitu co trong 14 s, thanh phan con
trong ba sa sau chung cét tinh dau chu yéu 1a cellulose, rat thuan lgi cho ché tao than sinh hoc,
mot vat liéu hip phu tiém ning.

Vi vay, trong nghién ciru niy, chung t6i ding ba chung cét tinh dau sa ché tao than sinh hoc
theo phuong phéap thity nhiét, nghién ciru cac dic trung céu trac cia than sinh hoc thuy nhiét,
danh gia kha nang hap phu AMO trong nu6c cia vat liéu nay.

2. Thuc nghiém
2.1. Thiét bi, héa chat

Céc héa chat dugc sir dung 13 cac hoa chét tinh khiét mic do phan tich: Potasium hydroxide
(KOH), amoxicillin AMO (C16H1sN30sS), sodium hydroxide (NaOH), acid hydrochloric (HCI),
sodium chloride (NaCl), nugc cat, cdn 98°, bi cua qua trinh chung cat tinh dau sa thu tir xuéng
chung cét tinh dau cta Vién Khoa hoc Sy Song truong Pai hoc Nong Lam Thai Nguyén.

Thiét bi thuy nhiét dung tich 100 mL TOB Reactor ctia Trung Quéc.

2.2. Téng hop va dic trung than sinh hoc sd

Bi chung cét tinh dau sa dugc phoi kho, bam vun téi kich thudc 0,2 — 0,5 cm. Phan tan 6 g
vun 14 sa trong 50 mL nudce cat, chuyén vao binh Teflon (dung tich 100 mL), dat vao thiét bi thiy
nhiét, ting dan nhiét do téi 240 °C véi toe do gia nhiét 200 °C/h, o trong 10 h rdi tit 10, dé nguoi
ty nhién vé nhiét d6 phong, rira sach nhiéu 1an bang nudc cat téi nudc rira trong, dem ngam trong
dung dich KOH 5 M trong 24 h ¢ nhiét d6 phong, tach thu 1y phan bét, rira toi méi truong trung
tinh thi dem phan bot say kho, nghlen min, bao quan trong tui nilon kin dat trong binh hat am
truge khi tién hanh cac thi nghiém tiép theo (ky hiéu san pham thu dugc 1a TSHS).

Céc dic trung ctia TSHS duoc danh gia dic trung bang thiét bi nhidu xa tia X Bruker AXS X-
ray (XRD) véi buc xa Cu-Ka tai bude song A=0,15406 nm trong ving 26 = 15 -60, thiét bi phd
hong ngoai IR Spectrum Two cua hiang Perkin Elmer (My) trong dai s6 song 4000 — 400 cm™
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(Trung tAm Thi nghiém - Truong Pai hoc Khoa hoc- Pai hoc Thai Nguyén), kinh hién vi dién tir
quét SEM trén thiét bi Hitachi S-4800 (Nhat Ban) (Vién Khoa hoc Vat liéu, Vién Khoa hoc va
Cong ngh¢ Viét Nam), phuong phap Brunauer-Emmett-Teller (BET) trén thiét bi TriStar 3000
V6.07 tai Khoa Hoa hoc, truong Pai hoc Su pham Ha Noi. Piém dang dién duoc xac dinh tir
thuc nghiém: Pha cac dung dich NaCl 0,1M c6 pH ban dau (pH,) tir 2 dén 10, thém bot TSHS véi
nong d6 1 g/L; lic déu trong 5h, dé yén trong 24h, loc lay phan dung dich, do lai pH (pHs). V& d6
thi sy bién thién pH dung dich trudc va sau thi nghiém (ApH = pHs-pH,) theo pH,, pH, ma tai d6
ApH = 0 13 diém dang dién cua vat liéu.

2.3. Pdnh gid kha néing hédp phu Amoxicillin

Trude tién, xay dung duong chuan xac dinh nong d6 dung dich AMO theo phuong phap UV-
Vis tai budc song 227,5 nm véi cac dung dich AMO ndng d6 0,1 téi 50 ppm. Sau d6, kha ning
hip phu AMO 10 ppm bang TSHS 1,0 g/L dwoc danh gia tai cac pH khac nhau: 3,5,7,9 sau 3h.
pH tai d6 TSHS hap phu AMX tét nhat duoc ding trong cac thi nghiém tiép theo.

Tiép theo, kha nang hap phu AMO ciia TSHS duoc tién hanh & cac nong do TSHS khéac nhau
(0,5; 1,0; 2,0; 3,0; 5,0 g/L), cac néng d6 AMO khac nhau (5, 10, 15, 20, 30, 50 ppm) tai cac thoi
gian hap phu khac nhau (10, 30, 60, 90, 120, 180, 240 phut). Dit liéu hap phu dugc dung tinh
toan hiéu suat hap phu AMO (H) va dung luong hap phu (g) cua TSHS theo cac cong thirc:

H="x100% (%) (1)
q="cty (mg/g) )

Véi C,, C; lan luot 1a ndng do AMO (mg/L) trong dung dich trudc va sau thoi gian hap phu t
(phat). m 1a khéi lwong vat liéu hap phu (g); V 1a thé tich dung dich lam viéc (L).

Dir liéu hap phu dugc xur 1y toan hoc theo cic mo hinh hap phu dang nhiét (Langmuir,
Freundlich, Temkin) va dong hoc hap phu (Gia phan ng bac 1, gia phan ¢ng bac 2).

3. Két qua va thao luan
3.1. Pdc trung vit ligu

Céu truc pha, thanh phan nguyén t6, dic trung lién két, dic trung hdp phu khir hip phu N, cua
TSHS dugc thé hién trong hinh 1.

Tir hinh 1a cho thay: ba sa sau qua trinh chung ct tinh dau géom mét sé dinh dic trung tai 20 =
21,7°% 26,5% 34,4° va 43,6°. Trong do, dinh nhiu xa tai 20 = 21,7° dic trung cho cau tric cellulose,
cac dinh nhiéu xa tai 20 = 26,5° va 43,6° dic trung cho C graphite tng voi cac mat phang mang tinh
thé (002) va (100) ching t6 qua trinh chung cat tinh dau da chuyén héa mot phan carbon trong sa
mot phan vé dang graphite, con lai 1a trong cellulose; va dinh nhidu xa 26 = 34,4° dic trung cho Si,
mot thanh phan vén co lugng nhé trong cdy trong nédi chung [10], [11]. Sau qué trinh thay nhiét,
phé XRD cua vat lidu da thay doi, dinh nhiéu xa tai 21,7° da dich chuyén vé géc 26 nhé hon
(21,2°), giam manh cudng d6 va mé rong chan phd, dinh nhidu xa tai 20 = 43,6° ciing giam cuong
do, dinh nhidu xa tai 26,7° da dich chuyén vé 26,1° va ciing giam déang ké cuong d9, ting dang ké
d6 rong phd, didu nay chirng té mirc d6 chuyén hoa carbon tir dang cellulose va tinh thé graphite vé
dang vo dinh hinh ting, dong thoi xuat hién mot sé dinh nhidu xa tai 20 = 27,5°% 31,0° va 34,4°. Cac
dinh nay dugc cho 1a cua Silicon, S va calcite [11], [12].

Hinh 1b cho thiy, than sinh hoc thity nhiét con gitr lai dwoc hau hét cac nhom chire, cac lién
két hitu co chinh trong céu triic bi chung cét tinh dau sa. Cac dinh hap thu dic trung nhu ving
3200-3600 cm™ cua lién két O-H; ving 2700-2900 cm™ cua lién két C-H, C-C cua C(sp?), ving
1000-1300 cm™ cua lién két C-O va C-O-C [13] khong thay ddi, tuy nhién, cic dinh dic trung
cho lién két ctia nhom carboxyl —COO, C=0 va C=C ving 1600-1800 cm™ c6 su dich chuyén
nhe sau qué trinh thay nhiét, dong thoi vai pho tai ving 2000-2200 cm™ dic trung cho lién két ba
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gitra C véi C hoac C véi N [14] trong ba chung cét tinh dau si da bién mat trong san pham sau
thay nhiét ching to cac lién két nay da bi pha huy.

a) b)
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Hinh 1c cho thay, trong ba chung ct tinh dau sa ngoai thanh phan nguyén té chinh 1a C, O thi
con ¢6 mat nhiéu nguyén t6 voi ham lwong nhé nhu K, Na, Ca, Mg, CI, P, Si. Sau qué trinh thay
nhiét, phd EDS cho thdy thanh phan C ting trong khi cac thanh phan khac giam manh hoic
khong xac dinh duoc, diéu dé cho thdy qua trinh Carbon hoa xay ra hiéu qua, mot s nguyén tb
thanh phan trong bi sa da duoc thiy nhiét va rira troi. Phuong phap BET di xac dinh duoc than
sinh hoc thuy nhiét ba chung cét tinh dau sa c6 dién tich bé mit riéng dat 24,6 m%/g. Day la gia tri
twong duong hodc tuong dbi 16n so véi mot sé than sinh hoc thuy nhiét khac [15] - [17].

Dic diém hinh thai cta than sinh hoc thuy nhiét b chung ct tinh dau sa duqc nghién ctru qua
anh SEM (hinh 2) cho thdy: ba chung cét tinh dau cta 14 sa sau qué trinh thuy nhiét 10 h & 240°C
tir cac phién 14 manh da hinh thanh bé mat rd day dac, phién 1a sa ban dau hinh thanh ciu tric 16p
x6p, & &6 phong dai 50.0k lan con cho thay, vat liéu co dang cac phién nho, mong, rong 1-2 pm,
dai 2-4 um chong léch 1én nhau. Céu trac nay cho phép TSHS c6 d6 x6p 16n, rt phu hop lam vat
liéu hap phu. Két qua nghién ciru diém ding dién cho thiy, dién tich diém khong cua vat liéu ¢
pH = 7,2. Nhu vy trong mdi truong acid, bé mat vat liu tich dién dwong con trong mdi truong
base thi bé mit vat li¢u tich dién am.

3.2. Khd ndng hdp phu AMO ciia than sinh hec thiy nhiét ba chung cét tinh dau sd

Truéc hét, ching toi da tién hanh x4y dung duong chuan xac dinh ndng d6 AMO trong dung
dich bang phuong phap phd hip thu phéan tir UV-Vis, trong viing ndng d6 AMO tir 0,1 ppm dén
50,0 ppm, két qua thu duoc dudng chuan cé phuong trinh y = 0,0221x + 0,0089 v6i R* = 0,9998.
Phuong trinh nay phu hop dé xac dinh néng 6 AMO tir d6 hap thu cia dung dich nghién ctu
trong vung ndéng d6 0,1 ppm téi 50,0 ppm.
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Hinh 3. M6t s6 yéu té anh huong téi hiéu sudt hap phu AMO

Tiép theo, anh huong cia pH t6i kha nang hap phu AMO 10 mg/L cia TSHS 1 g/L sau 3 h
dugc bicu dién ¢ hinh 3a. Khi pH tang tir 3 toi 5, hiu suat hap phu tang nhung khi pH ticp tuc
tang téi 7 va 9 thi hiéu suat hap phu giam dan, chung té6 pH 5 1a méi truong cho qua trinh hap
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phu tot nhat. AMO 1a thugc hop chat tap chuc, ¢ ba gia tri pK, lan luot 14 2,7; 7,4 va 9,6; tuy
nhién kha ning phan li téi bac 3 1a rat yéu. Nhu vay, tai ving pH thap (pH <2,7), AMO & dang
proton hoa tich dién duwong, trong ving pH 2,7-7,4, nhom carbonyl bat ddu phan li H* chuyén cho
nhoém amin tao thanh dang ludng dién, tuy nhién & pH 3 sy phan ly nay chua dang ké nhung téi 7
thi sy phan li 1am bién dang nhom p-lactam, do d6 tai pH = 5, AMO t6n tai ¢ dang ludng dién
tich 6n dinh (Am & nhom —COO’ va tich dién duong & nhom —NH;") trong khi bé mat vat liéu tich
dién duong, thuan loi cho hap phuy tai nhom chirc —~COO. Hon nita, khi pH tiép tuc ting, do phan
li H" ting 1én d6 dién 4am cua AMO tiép tuc tang, dién tich 4m bé mat TSHS clng tang dan nén
hip phu ciing giam la phu hop. Diéu nay ciing cho thay, su hip phu Xay ra c6 yéu té cua tuong
tac tinh dién (hap phu vat 1y).

Anh huong caa thoi gian hip phu duoc nghién ciru véi dung dich AMO 10 ppm ndng d6 TSHS 2
g/L thé hién trén hinh 3b. Khi thoi gian hdp phu ting dan tir O t6i 180 phut, hidu suit hap phu ting
nhanh, khi thoi gian kéo dai tir 180 t6i 240 phut thi hiéu qua hap phu tang khong dang ké, ching to
qué trinh hip phu da dat t6i can bang ¢ khoang 180 phut. Nhu vay viéc nghién citu hiéu qua hap phu
sau 3 h 1 phu hop. Tiép theo, hiéu qua hip phu tai pH 5 sau 3 h khi diung TSHS 2 g/L véi ndng do
d4u AMO khac nhau hoic hap phu AMO 10 mg/L boi TSHS nong d6 khac nhau biéu dién trén hinh
3¢ va 3d. D& dang nhan thay, khi nong do dau AMO giam, nong do vat liéu hip phu TSHS ting thi
hiéu suat hip phu ting va nguoc lai. Thong thuong, ndng do chét phan tng ting thi tbe do phan tng
tang theo chiéu thuan, do d6 khi ndng d6 vat liéu ting hiéu suat hap phu ting 1a hop 1y, do phan bé
mat tréng tang, sO Vi tri tam hap phu I6n, thuan loi cho qua trinh hap phu Xdy ra. Tuy nhién, khi nong
d6 chat bi hap phu giam, thi khoang cach giita cac phén tr chat bi hap phu ting, tuong tac day gitra
ching giam lam tang kha nang va cham vdi cac tim hap phu, do d6 kha ning bi hap phu ting. O
nong do6 dau AMO 50 ppm, dung luong hap phu can bang (q.) dat 9,84 mg/g, than sinh hoc thiy
nhiét ba café hip phu khang sinh sulfonamide ciing c6 dung luong hép phu cuc dai (Qmax) Xap Xi gia
tri nay [18].

Céc dir kién thuc nghiém nay dugc ding tinh dung lwong hap phu va xtr 1y s liéu theo cac ly
thuyét vé mé hinh hap phu va dong hoc hap phu. Ly thuyét qua trinh hap phu duoc nghién ctru theo

cac mo hinh hip phu dang nhiét Langmuir, Freundlich va Temkin, theo cac phuong trinh sau:
Co 1 Ce

de - KL-Qmax dmax (3)
Log(e) = log(K) + ~log(C.) @)
Qe = B.logK+s+ B.logCe )

Trong d6 K, (L/mg), K¢ (L/mg) va Ky (L/mg) lan luot 13 hang s6 hap phu theo mé hinh dang
nhiét Langmuir, Freundlich va Temkin. n 1a mét hang s6 trong phuong trinh Freundlich, p 1a mot
hang so trong phuong trinh Temkin, C, la ndng do chat bj hap phu tai can bang hap phu. Két qua
thé hién trén hinh 4 cho thay, hé sb ‘tuong quan R? theo md hinh Freundlich 13 16n nhét, ching to
qué trinh hap phy tuan theo 1y thuyét hdp phu Freundlich, nghia 1 qua trinh tuong tac ctia chét bi
hip phu 1én bé mit vat liéu hip phu 1a tuong tic vét 1y, qué trinh hdp phu hinh thanh da 16p hip
phu [19].

Dé nghién ciru dong hoc qua trinh hap phu 20 ppm AMO bang TSHS 2g/L, dit liéu thyc nghiém
dugc mo hinh hoa theo cac phuong trinh dong hoc sau:

bong hoc gia phan ung bac 1.

L0g(Ge-qr) = logge-kat (6)

t 1 t

+ (7)

ac  k2q2  qe

Dong hoc gia phan tng bac 2:

Két qua thu duoc trén hinh 5.
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Hinh 5. M6 hinh héa dir liéu thuc nghiém theo cdc mé hinh déng hoc gida phdn ung

Tir hinh 5 cho thdy: Hé sb twong quan cua di liéu thuc nghiém theo mé hinh bac 2 (R*=0,9875)
I6n hon theo mé hinh bac 1 (R?=0,9388). Hon nita, dung luong hap phu cin bang tinh theo mé hinh
dong hoc bac 2 1a 6,27 mg/g con theo mo hinh dong hoc bac 1 thu duge 1én téi 99,19 mg/g so véi
dung luong hap phy can bang thyc nghiém 14 6,04 mg/g. Céac két qua nay ching té qua trinh hap phu
thuc nghiém phu hop v6i mé hinh 1y thuyét dong hoc phan ng bac 2. Nhu vay, ban chét twrong tac
gitta chat bj hdp phu AMO va vat liéu hip phu c6 khuynh huéng 14 tuong tic hoa hoc [12].

4. Két luan

Trong nghién ctru nay, than sinh hoc da dugc didu ché bang phuong phap thay nhiét 6 g ba
chung cat tinh dau sa trong 50 mL nudc cat & 240°C trong 10 h, sau d6 dugc hoat hoa bang KOH
dac ¢ nhiét do phong trong 24 h. Trong than c6 Carbon ¢ dang vo dinh hinh, thanh phan hoa hoc
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chinh ngoai C con c6 O va mét sé nguyén tb khac, than c6 ciu tric xdp, gdm cac phién mong, co
dién tich bé mat riéng 24,6 m?/g. Than c6 kha ning hap phu AMO, hiéu qua dat 90% & ving
ndng d6 nho (5 -10 ppm), dung lugng hap phu can béng khi néng do ddu AMO 50 ppm dat 9,84
mg/g. Qua trinh hdp phu tuan theo 1y thuyet hap phu dang nhiét Freundlich va mé hinh dong hoc
gia phan tng bac hai, tuong tac gilra chat hap phu va vat liéu hap phu gom ca tuong tac vat Iy va
tuong tac hoa hoc. Céc két qua nay la nhitng co s¢ ban dau cho thiy, than sinh hoc thity nhiét ba
chung cat tinh dau sa co tiém néng hap phu du luong khang sinh amoxicillin trong nudc, hi¢u
qué co thé cai thién néu tiép tuc bién tinh bé mat, nang cao chat lugng than.
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