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Activated carbon (AC) derivated from biomass (BM) is a material that
can reduce BM emission, be used for environmental treatment and
increase increase the profit of agriculture production. The conversion
of biomass (BM) into AC usually requires a two-step procedure
including pyrolysis of BM into biochar (BC) and activation of BC
into AC. While the earlier step is relatively simple and common for
most BM the latter is complicate and high-temperature conditions are
needed to activate solid-state reaction between BC and activating
agents. In this paper, we demonstrate a one-step preparation of AC from
sugarcane bagasse (SB) by pyrolysis of SB in the presence of NaOH
catalyst. Nitrogen adsorption-desorption analysis revealed that AC has a
surface area of 146.6 m?/g which is much higher than the surface area
of BC and is about 40% as compared to the surface area of steam-
activated AC at 500°C. The results indicate that the one-step method is
a cost-effective procedure for the preparation of AC from BM.
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Ba mia

Phé pham néng nghiép
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Than hoat tinh tir phé pham néng nghiép (AC) la vat liéu giai quyét
duogc nhiéu van dé nhu giam phat thai phé pham néng nghiép (BM),
xtr i moi truong va ting gia tri cua san xuat ndng nghiép. Bé chuyén
hoéa BM thanh AC thudng doi hoi hai giai doan 13 nhiét phan BM dé
tao thanh than sinh hoc (BC) va hoat héa BC thanh AC. Trong khi
giai doan nhiét phan BM 1a twong ddi don gian va twong tu nhau cho
hau hét cac BM thi giai doan hoat hda BC kha phtc tap, doi hoi nhiét
dd cao dé kich hoat cac phan ung pha ran gitta BC va céc tac nhan
hoat héa. Trong bai béo nay, ching tdi trinh bay két qua nghién cau
tong hop AC tir b4 mia (SB) bang mét giai doan nhiét phan SB tam
NaOH. Két qua phan tich hap phu - giai hip nito cho thay, AC thu
duoc c6 dién tich bé mat (Sger) bang 146,6 m%g. Gia tri nay cao
hon nhiéu so véi dién tich bé mat cua BC twong tng va dat khoang
40% so véi AC da hoat héa voi hoi nude & 500°C. Quy trinh tong
hop AC mét budc c6 thé duoc sir dung dé ché tao vat lidu hap phu
v6i dung lwong hap phu tuong dbi tt tir cac loai BM khéc nhau véi
chi phi thap.
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1. Giéi thigu

Theo s6 liéu théng ké cua Nationalmaster (https://www.nationmaster.com), trong hon 20 nim
qua, Viét Nam 1a mét trong nhitng nudc san xuat mia duong nhiéu nhét trén thé voi san lugng trung
binh tir 15 dén 18 triu tin/ndm. Sau khi ép 1y nudc dé san xuat duong thi déng thoi ciing tao ra
khoang 4,5 triéu tin SB/nam. Péy 1a ngudn phé thai cd gia tri, da va dang duoc sir dung lam
nguyén ligu 10 hoi, san xuat bot gidy, phan bon hoic duoc U thanh thic an cho gia stc. Voi san
luong kho toan thé gisi I6n (khoang 54 triéu tin/nam) va chira cha yéu 1a cellulose (50% cellulose,
25% hemicellulose va 25% lignin), SB dugc danh gia 1a nguyén liéu quan trong dé san xuat BC va
AC gié ré [1], [2], g6p phan nang cao gia tri cia cy mia va giam phaét thai chat thai ran.

Tuong tu nhu cic BM khac [3]-[5], BC ¢6 thé dugc san xuat bang phuong phap nhiét phan
yém khi ¢ nhiét d6 cao (khoang tir 350 dén 500°C) dé than hoa cellulose (¢ khoang 300°C) va
lignin (tr 310 dén 500°C) [2]. Trong qué trinh nay, cellulose va hemicellulose sé& bi dehydrat hoa
trong khi lignin s& trai qua cac qua trinh phuc tap hon dé giai phong ra céac tiéu phan dé bay hoi
nhu nuwdc, methanol, acetone, acetaldehyde, monolignols, mono-phenols, catechol, hydrogen,
methane, ethane, ethylene, CO va CO, [6]. Céc tiéu phan d& bay hoi la san pham cua qua trinh
ngung tu gilra cac nhom phan cuc trén cac mach polymer. Cc qué trinh ngung tu nhu vay
thuong dan toi cac manh carbon b6 sat vao nhau l1am cho BC c6 rat it cac 16 xop véi tong dién
tich bé mat thap, khoang ~25 m%g [2], [7]. O trang thai nay, BC co thé duoc st dung lam nguyén
liéu d6t 10 hoac 1am vat ligu cai tao dat [4]. Dé tang dién tich bé mat cho BC, qua d6 ting gia tri
ng dung cua BC, nguoi ta thuong phai hoat hda BC bang phuong phap héa hoc hoic vat Ii &
nhiét d6 cao. Trong phuong phap hoat hoa vat li, BC dugc xt li vai CO, hoac H2O ¢ nhiét d6 cao
nham kich hoat phan (ing giita cac tac nhan nay véi C theo phuong trinh: [6]

C+H,0—->CO+H, AH=117kJ/mol

C+C+CO, » 2CO AH =159kJ / mol

CO+H,0—>CO,+H, AH =41kJ /mol

Trong phuong phap hoat héa hda hoc, cac ion kim loai kiém déng vai trd quan trong trong
Viéc tao ra cac phan tir khi d¢ bay hoi, hoat dong & nhiét do cao, vi du:
2KOH +2C - 2C0O+2K +H,

K,CO, +C — K,0+2CO

K,0+C - 2K +CO

Kim loai K hinh thanh d& dang phan (mg véi cac nhdm chirc phan cuc con lai caa BC d tao thanh
hoi nudc; hoi nude va CO, CO; ¢6 tAc dung hoat hoa BC nhu qua trinh hoat hda vat li néi trén.

Qua4 trinh hai budc tong hop AC tir BM c6 thé duoc thay thé bang qua trinh nhiét phan mot
budc BM trong su c6 mit cia xic tac nhu ZnCl, hay HsPO4 [5], [8], [9]. Cac chét xuc tac nay cé
vai tro chii yéu 1a ngan can sy hinh thanh cac dai phan tir hydrocarbon thom tir lignin, 1am giam
nhiét do cua quéa trinh dehydrat hoa lignin va pha hity mang lugi cau trac carbon & nhiét 6 cao
dé tao thanh cac kénh 15 xop [10]. Xét & goc dd méi trudng, viéc sir dung xic tdc ZnCl, c6 thé
phét thai chat & nhiém thir cdp 1a ion Zn?*, dong thoi tiém an nguy co phat thai Cl, va hop chit
httu co chaa Cl.

Chung t6i nhan thiy riang, NaOH la hop chét caa kim loai kiém c6 gia thanh ré (ré hon KOH),
it doc hai va cd nhiét o nong chay ~318°C (thap hon nhiét d6 néng chay cua KOH, 360°C) phu
hop 1am xtc tac dé hoat héa BM thanh AC théng qua qua trinh phan hay nhiét mot giai doan. Dé
kiém ching gia thuyét nay, ching t6i nghién ctru tong hop AC tir SB trong su c6 mat cia NaOH.
Két qua phan tich ciu tric xdp cho thiy, AC thu duoc cd dién tich bé mat dat 146,6 m?/g, cao
hon nhiéu so véi BC (~25 m?/g) va dat khoang 40% so voi dién tich bé mat caa AC hoat hoa
bang hoi nudc [2].
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2. Thuc nghiém
2.1. Hoa chat, thiét bi

Hoa chat bao gém NaOH (99,8%, Aladdin), methylene blue hydrate (MB, 96%, Aladdin) va
HCI (35-37%, Merk) dugc si dung dé pha ché dung dich véi nuéc cat hai lan. Cac thiét bi dé
tong hop mau va tién hanh thi nghiém danh gia kha ning hap phu cia AC véi MB bao gom tu
sdy (Memmert UN75, Bic), 10 nung (SH Scientific, Han Quéc), may lic ngang (JEIOTECH,
Han Qudc), may li tim (Hettich MIKRO, Duc) va may quang phd hap thu UV-2450 (Shimadzu,
Nhat Ban). Cac thiét bi dé dic trung vat liéu bao gébm TriStar 11 3020 (Micromeritics, My) va
Spectrum Two (Perkin Elmer, My).

2.2. Tong hop AC tir SB

SB duoc l4y tir cAc cira hang ép nudc mia trén dia ban phuong Xuan Hoa, thanh phé Phic
Yén, tinh Vinh Phuc. SB sau d6 duoc cat nho (~1-2 cm) bang kéo va rira sach véi nudgc may,
nudc cat mot lan truge khi sy kho ¢ 120°C trong 12 gio. Sau khi sy kho, SB duoc ngdm vao
trong dung dich NaOH 1M trong 30 phut, dé roc nudc trude khi tiép tuc siy khd & 120°C qua
dém. SB da tam NaOH tiép tuc duoc nung dén 450°C véi tde d6 ting nhiét 1a 20 do/phat, thoi
gian luu & 450°C 1a 1 gio dé thu duoc AC. Dé loai bo NaOH, AC duoc rira sach voi nuéce cit cho
dén khi dich loc trung tinh trude khi duoc siy kho dé tién hanh cac nghién ctu tiép theo.

2.3. Diic trung cdu tric vat ligu

Dién tich bé mat, thé tich 15 xbp, su phan bd kich thudc 16 x6p cia AC dugc nghién ciru bang
phuong phap hap phu - giai hip nito trén thiét bi TriStar 11 3020. Ph6 héng ngoai FT-IR cua AC
duoc do trén may Spectrum Two.

Dé danh gia tiém nang (ng dung caa AC 1am vat liéu hap phu, ching toi s dung MB lam mé
hinh nghién ctu cho chat mau hitu co. Cho 0,3 g AC vio céc binh tam giac chira 50 ml dung dich
MB c¢6 ndng do khac nhau (5; 15; 25; 50; 75; va 100 mg/L) rdi tién hanh lic trong 2 gio véi toc
d6 200 chu ky/phat & nhiét ¢6 phong. Nong d6 caa MB trong dung dich trudc va sau khi hdp phu
dugc xac dinh bang phuong phap phd. Cu thé, phd hap thu UV-Vis caa 10 dung dich MB chuan
c6 nong do tir 1 dén 10 mg/L duge do trén may UV-2450 dé xay dung duong chuan vé su phu
thuoc cia do hap thu ¢ 665 nm (Abs) vao nong 6 MB (Cws). Phuong trinh dudng chuan xac
dinh duoc 1a: Abs=0,0875Cwg -0,0268 vaoi R?=0,9998. Bé xac dinh ndng d6 MB trong dung dich
trudc va sau khi hap phu, dung dich MB duoc pha lodng vai hé s nhat dinh (hé s6 pha lodng tiy
thugc vao nong do dau caa MB) va do do hap thu ¢ 665 nm. Bé loai bo AC khoi dung dich MB
sau qua trinh hap phu, hdn hop duoc ly tdm & tbe do 4000 vong/phut trong 5 phit. Nong d6 MB
trong dung dich duoc tinh toan dyua vao két qua do do hip thu & 665 nm, phuong trinh dudng
chuan va hé sé pha loang.

3. Két qua va thao luan

Tir gian d6 phan tich nhiét trong cua SB da cong bd [2], [11], theo d6 qua trinh nhiét phan cua
SB gom cac giai doan: bay hoi cic thanh phan nhe ¢ dudi 120°C, dehydrat héa va phan hiy
hemicellulose trong khoang tir 220°C dén 315°C, dehydrat héa va phan hiy cellulose trong
khoang tir 315°C dén 400°C va phan hay lignin, cracking C-C, ngung tu carbon, than héa &
khoang tir 350°C dén 500°C. Cuc dai gian d6 nhiét trong cho cac giai doan hay hemicelllulose,
cellulose va lignin lan luot 1a 220°C, 325°C va 420 - 460°C [2], [11]. Trong nghién ciu nay,
chung t6i da Iya chon nhiét do dé siy va nhiét phan SB lan luot 1 120°C va 450°C.

Phé hdng ngoai cia AC dugc trinh bay trén hinh 1. Phd IR ¢6 cac vang hap thu dic trung
gom: 3460 cm* (H,0 héap phy), 3200-3000 cm* (C-H trong hydrocarbon thom), 1640 cm™ (C=C
trong hydrocarbon thom) va 1080-1210 cm™ (C-O-C) [2]. C6 thé thay, AC thu dwoc thiéu cac
nhém chat phan cuc nhue C=0 va COOH va khdng thay xuét hién cac cuc dai hdp phu dic trung
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ctiia C-H no. Biéu nay chung té qua trinh phan hiy SB dudi tac dung cia NaOH la twong di hiéu
qua dé tao thanh vat liéu dau C & 450°C. Céc nghién ciru trude day cho thdy, NaOH dé dang tham
vao giira cac soi cellulose dé bé gay lién két gitra lignin voi hemiccellulose, cellulose; thic day
quéa trinh phan hay hemicellulose va cé thé pha vé manh cellulose dé tao thanh cac 16 nho trén

thanh va vo cellulose [12], [13].
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Hinh 2. a) Gidn d6 hap phu - giai hap N2 cua AC ¢ 77K, b) Duong hap phu tuyén tinh BET xdc dinh di¢n
tich bé mat va c) Su phan bo kich thuwéc lo ciia AC theo BJH

Céu tric xop cua AC la thong sb quan trong dé danh gia tiém ning Gng dung cua no. Dé
nghién ciu tinh chét nay, chung t6i da tién hanh do hap phu - giai hap dang nhiét N> ¢ 77K, két
qua dugc trinh bay trén hinh 2. Theo phan loai cua IUPAC [14], duong hip phu dang nhiét (hinh
2a) cua AC thudc nhém 11 véi diém “dau goi” B & &p suit ‘twong dbi po/p = 0,025. B 1a diém két
thic quéa trinh hap phu don 16p va viéc B & po/p=0,025 thap ching to qua trinh hap phu N trén
AC & po/p<0,025 chu yéu qué trinh ngung tu trong cac vi 15 [14], [15]. Khi &p suat tuong ddi
tang, luong N2 hap phu ting tuyén tinh va khong dat gié tri bdo hoa & po/p~ 1 chitng to ¢6 su hinh
thanh da 16p N hap phu trén AC. Buong giai hap N tré so véi duong hap phu (hinh 2a) va hién
tugng tré trai dai trong khoang ap suét twong dbi rong va khong dong kin. Hién tugng duong tré
khong dong kin tudng dbi phd bién ddi vai vat liéu carbon [15]-[17] va duoc giai thich do 16 xdp
ciia AC bi bién dang sau qué trinh hap phu N2 hoic AC chira céc vi 16 dang lo muc c6 tac dung
giam giit cac phan tir N2 hip phu dén muc chiing khong thé bay hoi trong qua trinh giai hép.

Pé tinh dién tich bé mat ciia AC, ching t6i da sir dung phuong phap Brunauer-Emmett-Teller
(BET) dé xay dung duong tuyén tinh 1/[Q(po/p-1)] theo po/p (hinh 2b). Tir c4c gia tri do ddc (c-
1)/Qme va diém cét truc tung 1/Qme tinh dugc dién tich bé mat riéng Seger = QuNas/V = 146,6 m2/g
Trong cac phuong trinh néu trén, Q va Qm 1 thé tich khi hip phu, ¢ 1a hiang sé BET, Na la sb
Avogadro, s la dién tich hinh chiéu ciia mét phan tir N2 hap phu va V 1a thé tich caa mot mol No.

Gian d6 phan tich thé tich hép phu theo duong kinh 16 theo phuong phap Barrett-Joyner-
Halenda (BJH) (hinh 2c) cho thiy, tong the tich 16 x6p V cia AC dat khoang 0,23 cm?, trong d6
khoang 0,13 cm? 1a déng gop cua céc 16 x6p co duong kinh D < 3nm. Puong vi phan cua V theo
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D cho thay cAc 15 xop pho bién c6 dudmg kinh Ia ~1 nm, 1,5 nm va 2,1 nm; Puong kinh 15 trung
binh 12 1,9 nm. Két qua phan tich 16 x6p pht hop véi hién tuong tré trén d6 thi hap phu - giai hap
trén hinh 2a.

b)

= data
fit /‘
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Ee)
E
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c (mg/L) 1/c (L/mg)

Hinh 3. a) Do thi hap phu dang nhiét MB trén AC va b) Buong tuyén tinh 1/Q theo 1/c

Dé danh gia kha ning tng dung cua AC 1am vat liéu hip phy, chung t6i di tién hanh thir
nghiém hap phu MB trén AC ¢ diéu kién hap phuy tinh. Sau 2 gio hap phy, ndng d6 MB & trang
thai can bang duoc xac dinh bang phuwong phap pho. Két qua khao séat sy hap phu MB trén AC
dugc trinh bay trén hinh 3. Cac diém thyc nghiém trén hinh 3 1a dung lwong hap phu can bang Q
& cac nong do can bang c; Puong ndi lién trén hinh 3a 1a db thi hap phu dang nhiét Langmuir:
Q=Qmke/(1+ke), trong d6 Qm 1a dung luong hap phu don 16p bdo hoa va k la hiang sé hap phu
Langmuir. Dé tim gi4 tri Qm, chiing toi V& db thi 1/Q theo 1/c (hinh 3b) va tim dugc gia tri Qm tur
diém cét cua duong tuyén tinh véi truc 1/Q va bang 24,5 mg/g (R?=0,9878). Gia tri nay cao hon
nhiéu so véi SB (~9,1 mg/g) [1], twong dwong véi AC hoat hda bang hoi nuéc (~21 mg/g) [2]
nhung thap hon nhiéu so véi AC hoat héa vai ZnCl; hay CO; & nhiét do cao [7], [18].

4. Két luan

Trong bai bao nay ching t6i da trinh bay két qua nghién ctu téng hop than hoat tinh tir b4 mia
bang phuong phap nhiét phan mot budc véi xic tac NaOH. Két qua cho thay, than hoat tinh thu
dugc c6 dién tich bé mat khoang 146,6 m?/g vai tong thé tich 16 xop khoang 0,23 cm3/g, trong d6
~0,13 cm®/g do déng gdp cua cac vi 16 co duong kinh trung binh khoang 1,9 nm. Than cé dung
lrong hdp phu cuc dai ddi voi methylene blue 24,5 mg/g. CAc két qua nay cho thay c6 thé sir
dung phuong phap nhiét phan mot budc véi xtic tic NaOH dé tong hop vat liéu hap phu kha tot
tir cac phé pham ndng nghiép.
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