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TOM TAT

Nghién ctru nay trinh bay qua trinh téng hap va xac dinh ddc tinh clia than hoat tinh (AC) c6 nguén
gdc tu tro trdu (RHA) thong qua phuong phap hoat hoa héa hoc va khéng can nung & nhiét do
cao. RHA, thu dugc tir quéa trinh dét tréu trong 16 hai cdng nghiép, dugc trich ly silica @€ tao thanh
than sinh hoc (BC). Sau d6 BC dugc hoat héa bang NaOH véi may siéu am va sdy chan khong dé
tao thanh than hoat tinh. Anh hudng ctia ty 1& khéi luong ctia NaOH so véi BC (Myaom:Mac) dén
céc tinh chét cu thé clia than hoat tinh dugc phan tich mét cach co hé théng béng nhiéu phuong
phéap phan tich khac nhau nham danh gia su hinh thanh cau tric, hinh thai va kich thudc 16 x6p bé
mat va tinh chat nhiét. K&t qua cho thay than hoat tinh thé hién cau trdc vo dinh hinh véi bé mat
gém céc hat kich thudc khoang vai micromet dugc phan bé moét cach ngau nhién. Hon nia, than
hoat tinh c6 cau tric x6p va rong vai kich thudce 16 rdng khac nhau. Bang chu y, dién tich bé mét
t6i da clia than hoat tinh dat dugc & ty 1& hoat héa NaOH va BC [a 7:1, dat 823,913 m?/g. Nhiing
phét hién nay nhan manh su pht hop ctia than hoat tinh téng hop tir quy trinh mdi rat pht hop
cho cac Ung dung lam vat liéu hdp phu trong moi trudng nudc hodc khi, cho thay tiém nang cho

muc dich khac phuc mai truong.

Tu khoa: than hoat tinh, than sinh hog, tro trau, siéu am, hép phu

GIOI THIEU

Gao chiém vi tri quan trong nhét trong danh sach cac
loai luong thuc & hau hét cac khu vic & chau A, déng
thoi day cing la noi san xuét va tiéu thu gao chiém
hon 90% san lugng toan cau'. Trong s6 cic qudc gia,
Viét Nam da ndi 1én nhu mot trong nhiing nu6e xuét
khéu gao hang dau thé gidi, véi tng sdn lugng 5,949
triéu tdn vao nim 20122, Trong qua trinh san xudt
gao, trau thuong bi xem nhu mot loai chdt thai va
thudng dugc xt ly tai cdc nha may dién, tao ra nhiing
van dé méi trudng ddng ké. Do do, viéc tan dung vo
trdu mot cach hiéu qua 1a rdt quan trong. Gén day,
vo trdu da dugc stt dung d€ san xuit than hoat tinh
(AC)379, silica”®, bé tong” va nhiéu ting dung khic.
V6i cdu truc x6p va dién tich bé mit 16n, cling véi gid
thanh thép, than hoat tinh (AC) da thu hut sy quan
tam déng ké va dugc st dung rong rii nhu mot chit
ho trg xuc téc, chit hdp phu d€ hdp phu cic ion kim
loai®, phan t& hitu c6”, VOCs'?, hoic lam vt liéu
dién cuc cho pin va tu dién !

Qud trinh téng hop than hoat tinh thudng dugc thuc
hién chu yéu théng qua hai phuong phép 1a hoat hoa
vat ly hodc hoa hoc. Trong phuong phap hoat hod
vat ly, nguyén liéu chia cacbon dugc dua vao nhiét
d06 cao d€ kich hoat cacbon béng sy tic ddng cua cic
loai khi nhu khong khi, cacbon dioxit hodc hoi nudec,

nhdm ting cudng tinh hoat tinh ctia cacbon. Trong
khi d6, phuong phép hoat héa hoc thuong st dung
cac hda chét nhu natri hydroxit (NaOH), kali hydroxit
(KOH), kém clorua (ZnCl,), hoac axit photphoric
(H3POy), axit sulfuric (H,SO4)... Nhin chung, cic
nghién ctiu nay tuy thay ddi chit hoat héa nhung déu
phai cdn dén nhiét d¢ nung kha cao. Cu thé, nim
2024, Jhonnaifer J. Romero-Hernandez va cic cong
su da nghién ciiu than hoat tinh tii tro trdu bing cdch
hoat héa v6i NaOH & nhiét d6 800°C '2, hoic nhom
nghién ctiu ctia Eka Marya Mistar da hoat héa than
hoat tinh bang KOH vdi ty 1 trong lugng tdm than
so v6i KOH la 1:3 trong thoi gian hoat hoa 1 gio &
800°C'®. Nam 2020, nhém téc gia Adetola E. Ogung-
benro ciing dung KOH véi ti 1€ tii 3:1 dén 5:1 & nhiét
d6 tit 600 - 900°C ', Nam 2016, S.M. Yakout va cc
cong su da dung axit phosphoric (H3PO4) d€ hoat
hoa than & nhiét d6 500°C'>. Nam 2022, nhém tc
gia Ndifreke Etuk Williams cong bg bai danh gid téng
hop vé viéc st dung kali hydroxit (KOH) dé san xuét
va hoat hoa than hoat tinh, két qua cho thdy du khac
nhau vé qud trinh hoat héa, cacbon héa, nhiét do,
thoi gian hoat hoéa va ty 16 KOH, nhung céc phuong
phédp nay déu cin nhiét do cao dé€ c6 thé hoat hda
dugc than '°. Diéu nay cho thdy, viéc nghién ctiu mot
quy trinh hoat héa than vin dang 13 d€ tai nhan dugc
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nhiéu sy quan tdm ctia cac nha khoa hoc.

T nhiing han ché cta cac nghién cttu trude d6, muc
tiéu cta nghién ctu nay 1a trinh bay mét phuong
phép méi d€ hoat hoa than hoat tinh khac biét so v6i
phuong phap truyén théng do la khong can u & nhiét
d6 cao. Theo d9, tro triu sé dugc trich ly silica d€
tao thanh than sinh hoc (BC). Tiép d4, than sinh hoc
dugc ngdm tdm v6i NaOH véi céc ti 1é khdi lugng
khéc nhau va dugc hoat hda bang séng siéu 4m. Song
siéu am sé tao ra hiéu ting co hoc trong dung dich, goi
14 cavitation (hién tugng sti bot khi). Khi séng siéu
am truyén qua dung dich, né tao ra cac bot khi nho.
Céc bot khi nay lién tuc mé rong va co lai, cho dén
khi ching sup d6 manh mé, tao ra cdc diém néng cuc
b v6i nhiét do va ap sudt cao trong thoi gian ngan.
Nhiing diém ndéng nay c6 tic dong co hoc manh mé
dén cic hat biochar va dung dich NaOH, gitp phan
tan cdc hat biochar, ddm bao rang NaOH tiép xtic déu
vG6i bé mit clia cac hat cacbon, ting cudng qua trinh
hoat héa, dong thoi tac dong co hoc nay ciing gitip md
rong va phat trién céc16 x6p trong ciu tric than, tao ra
dién tich bé mit 16n hon. Bén canh dé, NaOH la mot
chat kiém manh, NaOH t4n cong vao cdu tric cacbon
ctia biochar, phé v& céc lién két cacbon va loai bo cac
tap chét nhe hon nhu oxit, cacbonat, va cac hgp chat
khéc. Diéu nay dan dén sy hinh thanh cta céc 16 x6p
trong cau truc than, lam tang dién tich bé mit va kha
néng hdp phu ctia than hoat tinh. Nghién ctiu da th
nghiém anh hudng ctia ham lugng NaOH dén dién
tich bé mit, cdu truc 16 x8p, hinh thai bé mit va do
6n dinh nhiét cia mau AC. Két qua cho théy cdc mau
AC tao dugc c6 tiém nédng ting dung lam vat liéu giai
quyét cac van dé vé xti ly 6 nhiém moi trudng nude va
khong khi.

VAT LIEU VA PHUONG PHAP

Héa chat

Tro trdu (dang tho, dugc dot tii 16 hoi cong nghiép
dugc cung cdp boi cong ty Nang Lugng Nhiét
Star Tech (TP. H6 Chi Minh, Viét Nam)), ethanol
CoH5O0H (3 99,7%, Viét Nam), NaOH (3 96%, Trung
Quéc), KOH (3 85%, Trung Qudc).

Quy trinh tao than sinh hoc (BC) da trich ly
silica

Nguyén liéu tro trdu (T'T) tit 16 hoi cong nghiép dugc
cung cap bdi cong ty Nang Lugng Nhiét Star Tech (TP.
H6 Chi Minh). Tro trdu nguyén liéu dugc nghién min
va xt Iy trich ly trong dung dich KOH néng (nhiét do
~ 90°C) dé trich ly tach dung dich kali silicat ra khoi
than den. Than den thu dugc tii qua trinh loc dugc
rtta bang nudc dén pH 8 va sdy kho 80°C trong 7 gid

dé tao thanh san phdm than sinh hoc (BC). Quy trinh
dugc mo ta nhu Hinh 1.

Quy trinh hoat héa than sinh hoc (BC) thanh
than hoat tinh (AC)

Than sinh hoc (BC) dugc tdm u6t vdi NaOH theo cic
ti1¢ khdilugng my,op : mpe khdc nhaula 1:1; 3:1; 5:1
va 7:1 1an lugt dugc ky hiéu 1a AC1-1, AC3-1, AC5-1
va AC7-1. Siéu 4m lan lugt cac dung dich v6i may
siéu 4m dang thanh trong 30 phut. Sdy chin khdng
hén hgp & 100°C trong 24 gid. Cac mau sau khi sdy
dugc rlia v6i nude cdt dén pH 7 va sy 100°C dén khi
kho hoan toan thi thu dugc than hoat tinh (AC). Quy
trinh hoat héa than sinh hoc dugec mo6 ta nhu Hinh 2.

Cac phuong phap danh gia vat liéu

Thanh phin nguyén t c6 trong cic mau than hoat
tinh va hinh thai bé mit dugc phan tich bsi may
thiét bi hién vi dién ti quét SEM-EDX (Hitachi
$4800). Gidn d6 nhiéu xa tia X (XRD) clia céc
mau san phdm dugc ghi trén nhiéu xa ké tia X (D2-
PHASER) vé6i tia Cu-Ka (dung tdm loc Ni) c6 bude
séng A=1,5406 A, dién 4p gia tdc 40 kV, cudong do
dong dién 40 mA, géc quét 20 = 5 - 80°, toc do
quét 0,030°/s. Kich thudc hat trung binh dugc tinh
toan dya vao dinh dic trung trén gian d6 XRD theo
phuong trinh Scherrer. Phé hidp thu hong ngoai
(FTIR) dugc do tit 4000 - 400 cm™! trén may Nico-
let iS 50 (FT-IR, Thermo, USA). Dién tich bé mit va
kich thu6c 16 x8p cta thanh hoat tinh dugc phén tich
bang phuong phap Brunauer-Emmett-Teller (BET) va
Barrett-Joyner-Halenda (BJH). D¢ bén nhiét ctia than
hoat tinh dugc danh gid bang phuong phap phan tich
nhiét mat trong lugng (TGA).

KET QUA VA THAO LUAN

Két qua SEM va EDX

Hinh thdi bé mit cta tro trdu sau khi nghién va ray
min (TT), than sinh hoc (BC), va cic than hoat tinh
theo céc ti 1¢ khoi lugng mNaOH:mBC khéac nhau
(AC1-1, AC3-1, AC5-1 va AC7-1) dugc thé hién &
Hinh 3. Cac hat tro trdu c6 dang tdm véi kich thude
khong d6ng déu va c6 tinh x3p nhét dinh 7 (Hinh 3a).
Do tro trdu chtia mot lugng 16n silica, viéc tach sil-
ica 1a budc quan trong trong qua trinh san xudt than
sinh hoc, gitp cai thién chit lugng ctia san phdm cudi
cung. Bén canh d9, silica tach ra c6 thé dugc téi ché
hodc sti dung cho cic ting dung khac. Két qua SEM
trong Hinh 3b cho thdy bé mit ctia BC c6 do x6p cao
hon so véi tro triu.

bang chu y ring bé mat cta céc than hoat tinh phu
thudc vao ti 16 hoat hoa my,op:mpec (Hinh 3c¢-f).
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Khudy tr 30
phut vai 900 mL
nude 100 °C

Tro triu xay
va riay min

Quy trinh tao than
sinh hoc (BC) téch Hén hop
chiét silica tir tro trau
Loc rira vai
KOH nuge  sdi
nhiéu lan
Dung dich
Can than den potassium
silicate
Loc dén pH 7. Sau do siy
80 °C trong 7 gid
Than sinh hoc
(BO)
Hinh 1: Quy trinh tao than sinh hoc (BC) tach chiét silica tur tro trau
NaOH
Khuay tir
< 15 phut
Quy tnr}h tao than - Hin hop
hoeat tinh (AC) Thém than
sinh hoc
: BC Siéu am 30 phat
Nuwde cat (S P
Say chan khong

100 °C trong 24 gio

Ly tam, rira dén pH 7

Séy 100°C
trong 24 gio

Than hoat tinh

(AC)

Hinh 2: Quy trinh tao than hoat tinh (AC)
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Trong khi Hinh BC c6 bé mit go ghé va x6p ro rét
(Hinh 1b), thi Hinh 3c-f lai cho thdy sau khi dugc
hoat héa theo ti 1é my,om:mpc ting dan thi bé mit
clia cac mau than hoat tinh dudng nhu xép chit
hon!8. Sy khac biét vé bé mit ctia cdc mau than hoat
tinh (AC) c6 thé dugc giai thich boi co ché hoat héa
siéu am trong moi trudng NaOH, va anh huéng ctia
qua trinh nay 1én cdu trac bé mit cua vat liéu. Trong
qua trinh hoat héa bang siéu am, cic s6ng siéu 4m tao
ra hiéu ting cavitation, ttic 13 sy hinh thanh va sup dé
nhanh chéng ctia cac bot khi trong dung dich. Qua
trinh nay sinh ra nhiing vi séng c6 niang lugng rat cao
va gy ra cc ap luc co hoc manh mé trén bé mat cua
vat liéu, trong trudng hgp nay la than sinh hoc (BC),
gay ra qua trinh pha v& cdu tric, loai bo cac tap chat
va mé rong mang ludi x6p ctia vét liéu.

Tuy nhién, khi ti 1¢ NaOH ting lén, hiéu ting hoat hoa
cing manh hon, dan dén viéc ciu tric bé mat bi pha
hity mot cach qua mtc. O ti 16 NaOH thép (ACI-1),
qua trinh siéu 4m gitp tao ra cic 16 x6p va duy tri dac
diém bé mit g6 ghé. Nhung khi ti 1é NaOH ting cao
hon (nhu AC5-1 va AC7-1), ap luc ti cic bot khi va
su tdn cong ctia NaOH qud manh, dan dén viéc cac 16
x0p ban d4u bi sup d6 hoic bi bao mon, lam cho bé
mdt din tré nén phéng va min hon.

Ngoai ra, NaOH d6ng vai trd nhu mét chit xtc tachoa
hoc, &n mon carbon tai cac vi tri kém bén viing, va sy
phd hity co hoc tii qua trinh siéu am lam gia tang hiéu
tng nay. Khi ty 1¢ NaOH cang cao, mtic d6 4n mon
cang 16n, dan dén sy sup d6 clia cic ciu triac x6p nho
va giam d¢ go ghé ctia bé mat.

Thanh phén céc nguyén td trong cic mau dugc xdac
dinh thong qua phuong phédp EDX, nhu minh hoa
trong Hinh 4. Tro trdu (TT) chiia cic nguyén t6 C,
O, Si, K, Ca, v6i ham lugng cao nhét 1a nguyén t6 Si.
Sau khi trich ly silica d€ san xut than sinh hoc (BC),
nodng do Si gidm dang ké, d6ng thoi nong do nguyén
t6 C ting lén. Khi ty 1¢ hoat hdéa my,op:mpc ting,
cuong do ctia nguyén t6 C trong mau than hoat tinh
ciing tang cao. Silic thudng ton tai dudi dang silicat
trong than, va phan ting v6i NaOH c6 thé lam giam
nodng do cua silicat. Hon niia, silicat ciing c6 thé bi
hoa tan trong dung dich NaOH, lam giam lugng silicat
trén bé mit than. Do dd, viéc ting ham lugng NaOH
trong than hoat tinh c6 thé anh hudng dén phan bé
clia cac nguyén td trén bé mat cta than.

K&t qua nhiéu xa XRD

Hinh 5 trinh bay gidn d6 nhiéu xa tia X cta tro trdu,
than sinh hoc va cac than hoat tinh AC1-1, AC3-1,
AC5-1 va AC7-1. Két qua cho théy ring tit ca cic
mau déu ¢ cdu tric vo dinh hinh. Ngoai ra, trong cac

vung v6 dinh hinh, tro trdu (T'T) cing thé hién dinh
3 goc 20 = 22°, cho thdy su hién dién cua cristobalite.
Cristobalite 1a mét dang ctia silica (SiO;) thuong gap
trong tro trdu'®. Cudng do ctia dinh nay giam din
trong mau BC va gin nhu khong quan sét dugc trong
cac mau than hoat tinh bao gom AC1-1, AC3-1, AC5-
1 va AC7-1. K&t qua nay hoan toan phtt hgp véi phan
tich EDX trudc do, chiing to kha ning loai bo silica
trong than hoat tinh ting dan khi ty 1¢ NaOH ting
trong qua trinh hoat héa than sinh hoc.

MW

AC3-1
M‘

Intensity (a.u)

[t W
Wﬂ
o T
10 20 30 40 50 60 70 80

26 (°)

Hinh 5: Gian d6 XRD cua tro trdu (TT), than sinh hoc
(BC) va céac than hoat tinh AC1-1, AC3-1, AC5-1 va
AC7-1.

Két qua FTIR

Céc dao dong lién két c6 trong cdc mau tro tréu (TT),
than sinh hoc (BC) va cac than hoat tinh AC1-1, AC3-
1, AC5-1va AC7-1 dugc phén tich bang phd dao dong
hong ngoai va dugc moé td nhu Hinh 6. Dinh phd ndm
trong khoang tif s6 song 1056 dén 1078 cm~! dugc
cho la do dao dong kéo dai khong déi xting O-Si-O.
Dinh nim trong khoang tit 790 dén 800 cm~! dugc
cho la do dao dong kéo dan d6i xiing O-Si-O. Pinh
nim & khoang 440 - 450 cm~! 13 do dao dong uén Si-
02021 Ba dinh nay déu thé hién sy c6 mit cua silica
trong tro triu, va déu c6 cudng do giam dan déi véi
than sinh hoc, va gdn nhu khong quan sat dugc doi
v6i cac mau than hoat tinh. Diéu nay hoan toan phu
hgp véi cdc phan tich da dé cap & trén. Dai rong ndm
trong khoang tii 3000 dén 3700 cm~! dugc cho 1 do
dao dong kéo gidn cta cac phan tl nudc. Pinh quan
sat dugc 6 1635 cm~! 14 do dao dong udn cong ctia
céc phan tit nugc 22!,

Phan tich TGA

Cac phép do nhiét trong lugng (TGA) va phan tich
nhiét vi sai (DTA) cta tro trdu (TT), than sinh hoc
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(6) AC1-1

3 OFf v

(f) AC7-1

Hinh 3: Anh SEM ctia cac mau tro trau (TT), than sinh hoc (BC) va cac than hoat tinh AC1-1, AC3-1, AC5-1 va AC7-1.

(BC) va céc than hoat tinh AC1-1, AC3-1, AC5-1 va
AC7-1 da dugc biéu dién trong Hinh 7. Két qua cho
thdy tro trdu cd it sut gidm khdi lugng nhat (10%),
trong khi AC5-1 c6 sut giam khéi luong 16n nhét
(60%). Su sut gidam khéi lugng trong cdc mau & cc
nhiét do khac nhau c6 thé dugc phan tich thanh b6n
vung nhiét, bao gdbm vung tit 0 - 100°C, 100°C -
35°C, 350°C - 650°C va 650°C - 800°C. Sy mat khai
lugng ban ddu 6 100°C lién quan dén sy mat nudc
vat ly dugc hép phu trén mau va cic chat dé bay hoi
khac?b?2. Nhiét d6 ma hién tugng nay xiy ra c6 thé
dugc nhan biét trén d6 thi DTA ¢ 63°C - 100°C khi
ti 1é hoat héa BC tang. Sau nhiét do nay, tro trdu
(TT) gin nhu khong c6 su sut gidm khéi lugng. Trong
khoéng tii 100 dén 350°C, khéi lugng ctia cic mau BC,

ACI1-1, AC3-1, AC5-1 va AC5-1 gidm nhe (< 5%).
Giai doan nay lién quan dén sy phan hay nhiét cta
hemicellulose va cellulose, thanh phén hiiu co cta tro
trdu. Hemicellulose, thanh phin kém 6n dinh nh4t, bi
phan hay chti yéu & nhiét d6 tit 200 dén 260°C va cel-
lulose & nhiét do tit 240 dén 360°C2L. Trong khodng
tl 350 dén 650°C, khoi lugng ctia BC, AC1-1, AC3-
1, AC5-1 va AC7-1 giam manh (lan lugt 1a 35%, 26%,
17%, 40% va 15%) do su phan huy nhiét ctia thanh
phan lignin xay ra ¢ nhiét do tii 370 dén 600°C2!.
Trén 600°C, cic mau than hoat tinh cé thé trai qua
cdc phan tng oxi héa manh mé véi cc chit oxy héa
c6 mat trong mai trudng, nhu khong khi. Cac lién
két hoa hoc trong cu tric cta than c6 thé bi phd vo,
dan dén sy giam khdi lugng. Diéu nay cho théy ti 1é
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Hinh 4: Phé EDX clia cac mau tro trdu (TT), than sinh hoc (BC) va cac than hoat tinh AC1-1, AC3-1, AC5-1 va AC7-1.
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Hinh 6: Phé FTIR clia tro trdu (TT), than sinh hoc (BC)
va cac than hoat tinh AC1-1, AC3-1, AC5-1 va AC7-1.

NaOH c6 thé anh huéng dén qua trinh hoat hoa, lam
tang kha ning hép thu chit hitu co trén bé mit than.
Khi hoat héa hiéu qua, sy hip thu nay c6 thé dan dén
su giam khdi lugng & cac nhiét do thap hon trong gian
d6 TGA do cac chat hitu co da dugce loai bo.

Phan tich BET & BJH

Dién tich bé mit riéng BET ctia cdc miu tro trdu (TT),
than sinh hoc (BC) va céc than hoat tinh AC1-1, AC3-
1, AC5-1 va AC7-1 da dugc xac dinh bing phuong

phap hip phu/giai hdp phu N, va dugc biéu dién trong
Hinh 8. T4t ca cic mau déu cho thiy dudng cong hép
phu loai IV theo phan loai IUPAC va cdc vong tré loai
H4, dic trung cho cac vét liéu chia vi 16 x8p va 16 x6p
trung binh?>>*, Dang clia dudng cong ding nhiét
phén dnh méi lién hé chat ché véi cdu truc va hinh
dang ctia cac 16 x6p. Theo biéu do, tro trédu c6 lugng
hép phu thap, cho thiy mat d6 16 x8p cta tién chét trdu
la rat it. Ngugc lai, lugng hdp phu cta tro trdu da ting
dang ké sau khi dugc xtt ly bing KOH dé trich ly silica.
Dic biét, lugng hdp phu tiép tuc tang khi ti 1é my,op

:mpc ting trong mau c6 tim NaOH. Céc thong s6 dac
trung vé dd x6p bao gébm dién tich bé mit (Spg7), tong
thé tich 16 (V;4y47) va dudng kinh 16 x8p ctia cac mau
tro trdu (TT), than sinh hoc (BC) va cdc than hoat tinh
AC1-1, AC3-1, AC5-1 va AC7-1 da dugc biéu dién
trong Bang 1. Péc biét, dién tich bé mat ctia AC7-1
dat dugc 1a 823,913 m?/g, ting 1én gin 5 lan so véi
tro triu, nh¢ vao qua trinh hoat héa bing NaOH va
két hgp v6i siéu 4m, tao diéu kién thuén 1¢i cho su
phat trién ctia 16 mao quan réng/x6p. NaOH c6 kha
nédng tac dong va lam phéan hay cac thanh phan hiu co
trong than, tao ra cac16 rong méi va mé rong cdu truc,
loai bd chit hitu co khong mong muén, va ting tinh
phén tan ctia hat >12. Cac16 réng va ciu triuc mé rong
nay cung cdp nhiéu khong gian hon cho céc phan ti
khi hodc chit long h4p phuy, 1am tang dién tich bé mit
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Hinh 7: Gidn d6 TGA va DTA clia cAc mau tro trau (TT), than sinh hoc (BC) va cac than hoat tinh AC1-1, AC3-1, AC5-1

va AC7-1.

hiéu qua ctia than hoat tinh. So sanh véi ddc tinh cta
than hoat tinh ti tro triu trong cic nghién ctiu khac
trén thé giGi (Bang 2) cho thdy ring than hoat tinh
dugc hoat hoa tii quy trinh khong nung nhiét trong
nghién ctu nay cé déc tinh rat t6t. Nhiing két qua
nay cho thy quy trinh méi trong nghién ctu nay da
tao ra san phdm than hoat tinh tiém ning thuan lgi
cho viéc ning cao kha néng xuc tac, hip phu cac phan
ttt nho va cong kénh nhu phdm nhudm, chat khi va
ngay ca kim loai nang.

KET LUAN

Nhu vay, nghién ctu nay da thanh cong trong viéc
thuc hién quy trinh téng hgp va xdc dinh déc tinh
hinh théi cdu tric ctia than hoat tinh (AC) tii tro trdu

(RHA) thong qua phuong phap hoat héa héa hoc ma
khoéng cdn nung & nhiét dd cao. Bang cich trich ly
silica ttt RHA dé€ tao thanh than sinh hoc (BC), sau
d6 hoat héa bing NaOH v6i mdy siéu 4m va sdy chan
khong, da tao ra than hoat tinh véi ciu truc va tinh
chét dic trung nhu cfu tric vo dinh hinh, x8p va rong
v6i dién tich bé mit i da déng ké, dat 823,913 m?/g
& ty 1 hoat héa NaOH va BC la 7:1. Nhiing két qua
nay da lam néi bat tiém nang ctia than hoat tinh trong
ung dung lam vt liéu hdp phu trong méi trudng nude
hodc khi, gép phan vao viéc gidi quyét cac vin dé méi
truong ngay cang tré nén cap bach. Pong thoi, nghién
cliu ndy cung cip mot co s§ viing chic cho sy phét
trién va ing dung ctia than hoat tinh tui tro trdu trong
cac ting dung bdo vé mdi trudng véi quy trinh don
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Béang 1: Dién tich bé méat va kich thudc 16 x8p cia cdc mau tro trau (TT), than sinh hoc (BC) va cac than hoat tinh
AC1-1,AC3-1,AC5-1va AC7-1.

TT

Tén mau Dién tich bé mat (Sger)  Thé tich 16 x6p DPuong kinh 16 x6p
(m*/g) (Viotar) (Pore Diameter)
(cclg) (A)

Tro triu 169,367 0,078 9,915

BC 289,220 0,190 10,198

AC1-1 404,292 0,202 10,218

AC3-1 791,914 0,346 10,832

AC5-1 817,396 0,383 9,844

AC7-1 823,913 0,418 9,792

Bang 2: So sanh gia tri dién tich bé mat cia than hoat tinh véi cac cdng bé trén thé gisi

TT

Phuong phap hoat hoa

Siéu am v6i NaOH va sdy chan khong 100°C

Nung 900°C vé6i ZnCl,

than sau qud trinh nhiét phan tit trdu dugc hoat héa bing hoi 407
nudc & nhiét do 8000C dé tao ra than hoat tinh

Hoat héa véi H3PO4 va nung 400°C

Hoat héa véi Na, CO3 va nung ¢ nhiét do cao

Hoat héa véi KOH va nung 600°C

Triu duoc cacbon hda ¢ nhiét d6 c6 dinh va dugc hoat héa 6 céc

Dién tich bé mit TLTK
(SBET)
(mz/g)
823,913 Nghién ctiu nay
645 23
26
615,2 27
570 22
755 22
589.67 &

nhiét d6 khac nhau (700 - 900°C) va thai gian Iuu (60 - 90 phut)

300

250 4

200

150

100

N, adsorbed volume (cm®g)

o
S
1

0.

T T T
.0 0.2 0.4 0.6 0.8 1.0

Relative pressure (p/p,)

Hinh 8: Budng cong hap phu/gidi hap phu khi N,

clia cac

mau tro trau (TT), than sinh hoc (BC) va cac

than hoat tinh AC1-1, AC3-1, AC5-1 va AC7-1.

gian va ti€t kiém nang lugng.

LO1 CAM ON

Nhom téc gia chin thanh cdm on su hé trg vé co s6 vat
chét va diéu kién tién hanh thi nghiém ctia Phong thi
nghiém co s6 Khoa hoc Vat liéu thudc Khoa Khoa hoc
va Cong nghé Vat liéu, Truong Dai hoc Khoa hoc Tu
nhién, Pai hoc Quéc gia Thanh phé H6 Chi Minh, va
dong thoi xin chan thanh cdm on sy hd trg tai chinh
va thiét bi dung cu tit Céng ty TNHH Thiét Bi Khoa
Hoc LABone, Viét Nam da tao diéu kién cho qud trinh
hoan thanh céc két qua nghién ctu nay.

DANH MUC CAC TU VIET TAT

AC (Activated Carbon): Than hoat tinh

BC (biochar): Than sinh hoc

EDX (Energy-dispersive X-ray spectroscopy): Phd tac
sdc nang lugng tia X

FT-IR (Fourier-transform infrared spectroscopy):
Phé dao dong hong ngoai

RHA (rice husk ash): Tro trau

SEM (A scanning electron microscope): Kinh hién vi
dién tl quét
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TGA (Thermogravimetric analysis): Phan tich nhiét
trong lugng

VOCs (Voltile Organic Compounds): cic hgp chit
hiiu co ¢6 goc Carbon rat dé bay hoi.

XRD (X-Ray diffraction analysis): Nhiéu xa tia X

XUNG POT LO1iCH

Chung t6i cam két khong co bét ky xung dot lgi ich
nao gitia cac thanh vién trong nhém nghién ctiu

PONG GOP CUA CAC TAC GIA

o Huynh Thanh Luu: Thyc hién cac quy trinh

thuc nghiém, théng ké, tdng hop s6 liéu cac
phép do va bién soan ban thao.

o DPao Thi Bang Tam: Thuc hién cic quy trinh

thuc nghiém, théng ké, tdng hop s6 liéu cac
phép do va bién soan béan thao.

o Lé My Thoa: Thuc hién cac quy trinh thuc

nghiém va thuc hién céc phuong phép do.

« Vo Thuy Vi: Dinh huéng nghién ctiu
« Dbing Tan Hiép: Dinh huéng nghién ciiu
o Ha Thtc Chi Nhan: Pinh huéng nghién ciu,

bién soan va chinh stia ban thao.
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ABSTRACT

This study presents the synthesis and characterization of activated carbon (AC) derived from rice
husk ash (RHA) using a chemical activation method that does not require high-temperature heat-
ing. RHA, obtained from burning rice husks as a fuel for industrial boilers, was subjected to sil-
ica extraction to form biochar (BC). BC is then activated with NaOH using an ultrasound machine
and vacuum-dried to form activated carbon (AC). The influence of the mass ratio of NaOH to BC
(Myaom:Mpe) on the specific properties of the activated carbon was systematically analyzed such
as structure, porous morphology, and thermal behavior. The results show that the activated car-
bon exhibits an amorphous structure with a surface consisting of randomly distributed particles
of several micrometers in size. Furthermore, the activated carbon possessed a porous and hollow
structure with varying pore sizes. Notably, the maximum surface area of the activated carbon was
achieved at a NaOH to BC activation ratio of 7:1, reaching 823,913 m?/g. These findings underscore
the suitability of the synthesized activated carbon for applications as adsorbent materials in water
or gas, suggesting its potential for environmental remediation purposes.
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