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Tom tat. Trong nghién ciu, vo san phé pham duoc nhiét hda yém khi tai nhiét do 600 °C trong 1 gid thu
dugc than sinh hoc, ky hiéu mau BC-S dé ting dung Iam chat hap phu mau xanh methylene. Cac dac tinh
hinh thai va cau trdc bé mat caa BC-S dugc do dac bang phuong phap phan tich hién dai nhu la kinh hién
vi dién tir quét (SEM), nhidu xa tia X (XRD), quang phd hong ngoai bién doi Fourier (FT-IR), va Brunauer-
Emmett-Teller (BET). Dua trén két qua phan tich cho thay rang hinh thai bé mat cia BC-S ¢ dang céc hat
phang xép chdng 1én nhau, chira nhiéu hoc, kich thudce hat trung binh 10 pm. CAu tric BC-S ton tai dang
tinh thé carbon graphite chtra céc nhém dao dong C-H, C=C, S=0, N-H, CO, va OH la cé4c peak dic trung
ctia than sinh hoc c6 dién tich bé mit riéng 1a 2,66 m%/g. Trong tng dung BC-S 1am chat hap phy mau xanh
methylene, khao sat kha niang hap phu mau cho két qua kha nang hap phu cuc dai 12 5,10 mg MB/g BC-S.
Céc két qua cho thay c6 thé sir dung BC-S lam chit hip phu xi Iy nudc thai mang mau rong réi & quy mo
cong nghiép.

Tir khoa: than sinh hoc, vo san phé pham, xanh methylene, chat hip phu

1. GIOI THIEU

Trong linh vic ndng nghiép cay trdng ¢ Viét Nam sau thu hoach, bén canh san pham chinh sé& phat sinh ra
nhiing phu pham khéc tly vao loai cay trong va muc dich canh tac [1, 2]. Theo s6 liéu thong ké nam 2020,
c6 dén 88,9 triéu tan phu pham tir qua trinh ché bién ndng san cua nganh trdng trot khong quan tim dén
viéc tai sir dung, tham chi con bi bo lai ngay trén dong ruong hoic ddt di, gay lang phi tai nguyén va 6
nhiém méi truong, lam ting lwong phét thai khi nha kinh [3,4]. Thuc trang dt phé thai ndng nghiép bo lai
trén ddng ruong, tao ra khéi bui s& gay anh huong truc tiép dén stic khoe va doi sbng con ngudi, cu thé 1a
gay bénh vé duong hd hap va mat [5].

Than sinh hoc (biochar) 13 mot khoang chit dang rén giau carbon (C) thu duoc tir viéc nhiét phan yém khi
sinh khéi (biomass) nhu 1a cac phu pham néng nghiép [3-6]. Tuy thudc vao nhiét d6 nhiét phan va loai sinh
khbi ma san pham biochar thu dugc c6 thanh phan va tinh chat khac nhau [6,7]. Theo sé liéu ciia Vién ning
lwong Viét Nam, phé pham cay trdng rat da dang nhu: rom ra, vo trdu, vo sin, vo dira, vo ca phé, phé thai
g6... Pay la mot trong nhitng ngudn sinh khéi tiém ning dé phuc vu cho nhu cau san xuit biochar [5,8].
Trong d6, vo san (vo mi) ¢6 hai dang cau tric 12 vo gé va vo ci. Vo gb chiém 0,5 — 3% khéi luong ca,
gdm céc té bao co cAu tao tir cellulose va hemicellulose, hau nhu khong c6 tinh bot. Vo cui day hon vé gd,
chiém khoang 8 — 20% khdi lugng cii gom céc té bao dugc cau tao boi cellulose va tinh bot [5,8,9]. V6i
loai nay, tai cc nha may san xuat tinh bot sin phai thai bo mot luong Ion, lugng vo san truc tiép thai bo
gdy lang phi, doc hai va 6 nhiém cho moi truong. Vi vay, mot phan muc tiéu quan trong trong nghién cuu
latim glal phap dé xtr ly chat thal ran gay 6 nhiém nhu 1a vé San

Xét vé dic tinh va tng dung, cau tric bé mat cua biochar 6 cau tric xbp, chira nhiéu nhém chirc nhu

OH, COOH, N-H...Mang éi luc lam tang cac dac tinh wa nudc, do phén cuc, hap phu khi ung dung cho
cho loai vat liéu nay [5]. Trong ttng dung, ngoal kha ning luu trit carbon, nudc va cai tao dit, viéc sir
dung biochar cho cac linh vuc khac nhu 1am nén chit mang trong san xuat xic tac, chat hap phy, hoic

lam vat ligu cho cac qua trinh cong nghiép hda chét va dugc pham [6, 8]. Tuy nhién cho dit liéu hién tai,
chua tim thiy str dung biochar dwoc ché tao tir vo sin st dung lam chat hdp phu mau hiru co xanh
methylene xanh (MB) ma chung t6i dang thuc hién trong nghién cuu.

Qué trinh hap phu xay ra khi cho hai pha khéng hoa tan tiép xdc véi nhau nhu pha rén biochar (chat hap
phu) véi pha long MB (chit bi hip phu). Trong hip phu, qua trinh xay ra khac nhau giita pha léng va ran
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goi 14 qua trinh trao doi ion. Qua trinh hap phu lién quan dén ban chét hoa hoc cua sy twong tac giita ion
Vv6i chét ran va su khéch tan caa céc ion trong pha ran [9-11].

O huéng khac, chiing ta da biét rang MB 1a hop chat hitu co thudc ho thiozin céng thirc phan tir C16H1sN3SCl,
khi phan huy s& sinh ra cac khi doc nhu 1a Clz, NO, CO, SO,, CO2, H2S. MB c6 nhirg tac dong doc hai ddi
VGi con ngudi, dong vat va cac hé thyuc vat. Dac biét, trong cong nghiép dét nhuom, MB ton tai dang hop
chat lo lirng trong nuéc thai va bun thai [12, 13]. Trong d6 hién nay viéc xir Iy mau trong nudc thai dét
nhuom 1a van dé cap thiét trong viéc xur ly va bao vé méi trudng, ma ciing 1a myc tiéu dé tai nghién ctu
hudng dén.

Trong cdng nghé hda hoc, c6 nhiéu phuong phéap xir Iy nude thai dét nhuém nhu 12 phuong phéap hoa hoc,
phuong phép vat ly, phuong phép dién hoa, phuong phap trao doi ion... Tuy nhién tim kiém mot phuong
phap hiéu qua dé viéc xir Iy nude thai loai nay 1a van dé can thiét. Vi vay, trén co so dir liéu khoa hoc da
trinh bay & trén, nghién cau tng dung biochar dugc ché tao tir phé pham vo san dé hap phu mau MB trong
nudce thai dét nhuom [a mot trong nhirng hudng di maéi trong giai phap xu ly nudce thai dét nhuom cong
nghiép & Viét Nam.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

M3u phé pham vo san duoc lay tir cho néng san tai Thanh phé H6 Chi Minh (Tp.HCM). MAu thu gom duoc
so ché bang cach 1am sach, cit nho roi say kho tai phong thi nghiém.

2.2. Phwong phap nghién ciru

Mau biochar BC-S duoc tong hop theo quy trinh & hinh 1. Cac dic tinh bé mat caa BC-S dugc dinh tinh va
dinh lugng bang cac phuong phap phan tich nhu: XRD, FTIR, SEM, BET.
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o 105°C, 3h
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(Than sich hoe BC-S

Hinh 1. Quy trinh téng hop biochar tir vo sin

Dua trén quy trinh & hinh 1 cho thiy, mau voé sin sau khi thu gom, rira sach, cat nho, sau d6 say kho & nhiét

d6 105°C trong 3h. Tiép theo, mau dugc can va nung yém khi & nhiét do 600 °C trong 1 gio, thu dugc san

pham mau than sinh hoc BC-S. Trong tng dung BC-S 1am chat hap phu MB. Mau thi nghiém khao sat hap

phu, ndng d6 sau khi hap phu dugc phan tich bang phuong phap quang tric, budc séng quang cua mau MB

12 650 nm.

Trong nghién ctu, tinh todn hiéu suit qua trinh tong hop BC-S [12-14] dwoc 4p dung theo phuong trinh 1,
H; = (Mo — My) X (1)

Trong d6, Hi & hiéu suét tdng hop BC-S (don vi, %), Mo khdi lwong voé san ban dau (don vi, g); Mt khdi
lugng ctia BC-S (don vi, Q).
Ngoai ra, tinh toan kha nang hap phu [14,15] MB trén mau BC-S duoc ap dung theo phuong trinh 2,
|4
Ge = (Co— C) X 1 )
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Trong d6, q, la lugng vat chat hap phy, don vi (mg/g); C, la nong do MB ban dau, don vi (mg/L); C.la
nong do MB tai thoi gian khao sat, don vi (mg/L); M la khéi lugng ciia BC-S, don vi (g); V la thé tich dung
dich nuéc thai, don vi (mL).

Trong nghién ciru tng dung biochar 1am chat hap phuy, chiing tdi tién hanh thi nghiém: chuan bi 3 mau, mdi
mau chira 100 mL dung dich MB c6 nong d6 dau (Co) 5,0 ppm trong becher. Thém vao mau lan luot la
0,1g, 0,15g, va 0,2g BC-S. Tién hanh thi nghiém hap phu bang cach dat becher trén may khuay tir toc do
300 vong/phut Mot thi nghiém khac tuong ty 3 mau gdm mdi mau chira 100 mL dung dich chat mau MB
c6 nong d6 ban dau lan luot 12 5 ppm, 10 ppm va 15 ppm trong becher. Thém vao mau 0,2g BC-S. Tién
hanh thi nghiém hap phu bang cach dat becher khuay tron dung dich vai toc do 300 vong/phdt tai nhiét do
phong.

3. KET QUA VA BAN LUAN

3.1. Két qua tinh hiéu suat ché tao miu BC-S

Trong thi nghiém, mau vé sin dugc can dé xac dinh khéi lwong ban dau 1a Mo. Sau d6, mau dugc nung &
nhiét d6 600 °C, thoi gian 1h, thu dugc BC-S ¢6 mau den, khdng mai. Mau sau dé dugc hat 4m, 1am ngudi,
va can xac dinh khéi luong M+. Thi nghiém duoc 13p lai ba lan dé thu dugc gié tri trung binh cho méi mau.
Két qua thi nghiém thu dugc trinh by ¢ bang 1,

Bang 1. Két qua tinh toan hiéu suit ché tao biochar tir phé liéu vo sin

Mau BC-S/sb lan 1 2 3
Mo (9) 12,50 12,50 12,50
Mr (g) 2,97 2,95 2,88
Hi (%) 23,76 23,60 23,04

Bang 1 cho thdy, hiéu suat tong hop biochar tuong déi thap, khoang tir 20 - 25 %. Nhu vay, khoang tur
75 - 80 % bi hao hut khi tong hop biochar c6 thé la do phé thai vé san bi mat nudc ¢ dang hoi. Luong
biochar thu hdi dugc bao gom cac nguyén tb hitu co nhu: C, H, O, N & nhirng nguyén t6 lién két caa biochar.
3.2. Két qua phan tich SEM caa BC-S

Mau BC-S sau khi tong hop, xac dinh hinh thai bé mat bang phuong phap SEM. Két qua thu dugc hinh anh
& hinh 2,

Hinh 2. Anh SEM cta miu BC-S

Quan sét hinh 2 cho thay bé mat caa BC-S thé hién cau tric la cac hat phang xép chong 1én nhau,
kich thuéc hat trung binh 13 10um, xen giira cac hat phing 1a cac ranh mao quan, hat phing twong
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dbi déu nhau, cac 15 tréng xen k& nhiéu va sau 1am tang dién tich bé mit riéng, vi vay sé& lam ting
kha nang hap phu. Ngoai ra, trong mao quan trén bé mat BC-S chua nhiéu 15 tréng, hoc mang ai
lyc ma duoc biét nhu 1a cac tam hap phu. Két qua SEM trong nghién ctiru ndy cho két qua tuong
tu v&i nghién ciru SEM cua vat liéu biochar 1am chat xuc tac [16,17], diéu nay cho thay nghién
cliu ctia chung toi dang thuc hién 1a phi hop trong phuong phap ché tao biochar.

3.3. Két qua phan tich BET cia BC-S

Mau biochar dugc dinh tinh bang phuong phap phan tich BET dé xac dinh dién tich bé mat riéng. Két qua
do BET trén hai mau duoc thé hién ¢ hinh 3 phia dudi. O day, quan sat két qua tir gian d6 hap phu BET ¢
hinh 3 cho ta thdy rang dién tich bé mat riéng cua BC-S thu duoc 12 2,66 m?/g. Két qua nay chang to rang
kha nang hap phu vat Iy trén mau BC-S khong cao do bé mat riéng thap. Tuy nhién, véi tinh da dang cua
cac tdm hap phu mang ai luc tai cac héc gb ghé (gap anh SEM), du doan rang cac tam hap phu nay s& 1am
tang kha nang hap phu hoa hoc. Két qua phan tich BET cho két qua bé mat riéng twong déng véi nghién
ctu tré lai [18], chung té phuong phap ché tao biochar trong nghién ciru 1a phu hop.

Adsorbate Niirogen Temperaiure T7.350K
Molec, W1.: 28013 g Cross Secilon: 16200 A« Liquid Density:  0.808 giec

| |
| A |

=0

BE

............................................................................

620,0000 |

................

A480,0000 |
...........

440,0000

400,0000

'
,,,,,,,,,,,,,,,,,,,,,,

7777777777777777777777777777777777777777777777777777777777777777777777777
————————————————————————————————————————————————————————————————

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.0006+00 B.0000-02 1.200001 1.6000-01 2000001 2400001 2800001 2200001  36000-01

Rolative Prassura, P/Po

BET summary
Slope = 1303.184
Iniercept = 6.1038+00
Cormrelation coefficient, r = 0.996759
C constant= 214.522
Surface Area = 2.660 m¥g

Hinh 3. Két qua do BET cua BC-S

3.4. Két qua phan tich FTIR ciaa BC-S

Xéc dinh thanh phan cac nhdm hoat dong c6 trong cau trdc bé mat caa BC-S duoc phan tich FTIR cho két
quéa nhu pho ¢ hinh 4,
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Hinh 4. Phd FTIR cua BC-S
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Quan sét pho FTIR ciia mau BC-S & hinh 4, peak ¢ budc song hap thu tai 3600 cm™ 1a nhém OH lién két
cua mach cellulose. Peak tai buéc song 2850, 3000 va 1350 cm™ 1 cua lién két lan luot C-H stretching, C-
H aromatic, va C-H cta hop chét lignin. Peak tai budc séng 1600, 1550, va 500 cm lan luot 14 cua lién két
C=C alken, C=C aromatic, va C=C lién két cellulose. Peak tai buéc séng 1645 cm™ 1a cua lién két C=0 cua
axit carboxylic, 650 cm® lién két N-H, 750 cm'® lién két C-C cua ankan, 1850 cm™ lién két CH,=C=CH,,
2100 cm™ lién két C=C, va 2300 cm™ lién két C=N. Két qua phan tich FTIR cho thay rang, BC-S c6 nhiéu
nhom chirc hoat dong, nghia 1a ¢6 nhiéu loai tdm hap phy. Mai tm hap phu déu chira &i lyc ion, cho thiy
hap phu xay ra trén BC-S chu yéu la qué trinh hap phu hoa hoc. Két qua pho FTIR dang twong dong voi tai
liéu [16-18], khang dinh rang phuong phap trong nghién ciu mot Ian nixa la pha hop.

3.5. Két qua phan tich XRD caa BC-S

D¢ dinh tinh thanh phan pha va cau tric tinh thé trén BC-S. Mau duoc phan tich XRD cho két qua nhu
phd & hinh 5,
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Hinh 5. Phé XRD cua BC-S (a), XRD chuan cua biochar (b)

Quan sat két qua XRD & hinh 5 trén BC-S (hinh 5(a)) so véi phd chuan biochar (hinh 5 (b)) thay riang BC-
S chtra tinh thé carbon graphite tai viing goc nhidu xa 20 = 27°. Ngoai ra, sy vang mit cua cac peak trén
mau BC-S so vai mAu biochar chuan cho thdy Ia khong ton tai tinh thé trén BC-S. Két qua XRD tuong dong
véi nghién ciu [19], ching to rang két qua XRD trong nghién ctu la hop ly.

3.6. Két qua nghién citu kha ning hiap phu MB trén BC-S

3.6.1. Khao sét anh huong cua khdi lugng BC-S dén kha nang hap phu mau MB

Khao sét thoi gian hap phu (t) tir 10 dén 70 phat, mdi 10 phat ldy mau sau hip phu dé tién hanh
phan tich UV-Vis & budc soéng cia ving mau MB tai 1 = 650nm dé xac dinh ndng do sau hip
phu (Cy). Két qua thu duoc gian do tinh toan su thay d6i kha ning hap phu (qr) theo thoi gian cua
3 mau thi nghiém duoc trinh bay & hinh 6.

Gian dé anh hwéng cia hirong BC-S dén kha ning hip phu mau

—8—0.1g BC-S

admg/g)

—o— 0.15g BC-§

—o— 02z BC-S
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Th&i gian (phat)

Hinh 6. Sy phu thudc cua khéi lugng BC-S dén kha nang hap phu mau MB
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Quan sat két qua thi nghiém tai hinh 6 cho thdy ring, q: ting tuyén tinh theo thoi gian hap phu tai
t = 10 phat. O day sau do, g; ting cham tai khoang t = 10 - 20 phdt, va qué trinh hip phu dat céan
bang tai thoi gian 30 phat cho ca 3 mau thi nghigm. Ngoadi ra, hinh 6 cting thé hién rang, mau co
khéi lwong chat hip phu (BC-S) 16n, kha nang hip phu I6n. Dua trén diéu kién thi nghiém, ching
t6i chon mau chira lugng chat hap phu 0,2g BC-S khi tién hanh thi nghiém tiép theo. O diéu kién
thi nghiém hap phu MB nong d6 5 ppm bi hap phu trong 0,2g BC-S, ching tdi tim thay riang kha
nang hap phu cuc dai 12 gt max) = 3,7 mgMB/gBC-S, thoi gian hap phu 15 phit. Vuot qua khoang
thoi gian nay, qua trinh can bang hap phu xay ra, nghia 1a qua trinh nha hap phu bt dau trén BC-
S.
3.6.2. Khao sét anh huong nong do chat mau MB trén BC-S

Khi thay d6i thoi gian hap phu (t) tr 10 phut dén 70 phat, mdi 10 phut ldy mau sau hap phu dé tién
hanh phan tich UV-Vis xac dinh ndng d6 sau hip phu. Két qua su thay déi kha nang hap phu theo thoi gian
cua 3 mau thi nghiém dugc thé hién ¢ hinh 7,

Gian d& anh lmréng ndng dé MB dén Ikha nang hdp phu trén mau BC-S

—e— TOoppm
—e— 15ppm

2 —e— S5ppm

o 10 20 30 40 50 &0 70 80

Thei gian(phuat)

Hinh 7. Anh huong néng d6 hip phu mau MB trén lugng BC-S

Quan sét két qua thi nghiém tai hinh 7 thiy ring g ting tuyén tinh tai t = 10 phut. Tiép tuc, g ting cham tai
t =10 - 25 phat va qua trinh hap phu dat can bang tai t = 30 phut cho ca 3 mau thi nghiém. Hinh 7 ciing thé
hién rang, ndng do ban dau ciaa MB 16n, kha nang hap phu Ion, Dua trén diéu kién thi nghiém, miu MB
chtra nong d6 dau 15ppm duoc chon khi tiép tuc tién hanh thi nghiém. O day, kha nang hip phu MB cuc
dai trén BC-S duoc két qua 1a g: (max) = 5,1 mgMB/gBC-S tai thoi gian hap phu 25 phit. Vuot qua khoang
thoi gian 25 phat, qua trinh can bang hap phu xay ra.

4. KET LUAN

Dua trén cac nghién ctiu, ching toi da dat dugc mot sé két qua nhu sau; (1) BC-S duoc téng hop tir phé
pham vé mi. Thyc hién cac phan tich nhu 13 SEM trén BC-S xéc dinh dugc hinh dang hat manh phang kich
thudc10 pm, BET xac dinh dién tich bé mit riéng 12 2,66 m?/g, XRD tn tai tinh thé carbon graphite, FTIR
tim dugc cac nhém dao dong nhu C-H, C=C, S=0, N-H, CO, va O-H la nhirng peak dac trung cta biochar.
Céc két qua phan tich cho thay trong cau trlic ciia biochar 1a mot dang khoang chira nhiéu nhém chirc hitu
co va carbon 1am cho biochar c6 kha ning hip phu héa hoc tét; (2) Nghién ctu kha ning ung dung BC-S
Iam chat hap phu MB tai nong d¢ 15ppm, thoi gian hap phu 1a 25 phat cho két qua kha nang hap phu cuc
dai 14 5,10 mg MB/g BC-S. Két qua nay cho thay rang BC-S c6 thé lam chét hap phu dé xir ly nudc thai dét
nhudém chira MB dugc trién khai & quy mé cdng nghiép,

Két qua nay 1a budc dau trong nghién ciru va tng dung biochar 1am chat hap phu. Nhiéu nghién ctiu tng
dung cua BC-S tiép theo nhu 12 1am chét x(c tac, chat cai tao dat, hodc 1am dién cuc trong linh vuc dién
hoéa s& duoc ching toi tiép tuc nghién ctiu trong thoi gian twong lai.
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FIBRICATION OF BIOCHAR FROM WASTE CASSAVA PEEL FOR APPLICATION
AS METHYLENE BLUE ADSORBENT IN WASTEWATER

DO QUY DIEM!, BUI DUY TUYEN? NGUYEN VAN SON3, AND VO THANH CONG”
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City, Ho Chi minh City, Viet Nam
*Corresponding author: vothanhcong@iuh.edu.vn

Abstract. In this study, waste cassava peel was calcinated without oxygen at 600 °C for 1 hour to obtain
biochar, namely BC-S sample for application as methylene blue adsorbent. The morphological and surface
structural properties of BC-S were measured using modern analytical methods such as scanning electron
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microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), and
Brunauer-Emmett-Teller (BET). Based on the analysis results, it was shown that the surface morphology
of BC-S was in the form of flat particles stacked on top of each other, containing many holes, with an
average particle size of 10 um. The BC-S sample structure existed in the form of carbon graphite crystals
containing the vibration groups C-H, C=C, S=0, N-H, CO, and OH which were characteristic peaks of
biochar with specific surface area of 2,66 m?/g. In application of BC-S as methylene blue adsorbent, the
color adsorption capacity survey showed that the maximum adsorption capacity was 5,10 mg MB/g BC-S.
The results show that it is possible to use of BC-S as an adsorbent for the treatment of colored wastewater
widely on an industrial scale.

Keywords: biochar, waste cassava peel, methylene blue, adsorbent
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