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TOM TAT

SGn xudt than sinh hoc tir phé phdm IGm nghiép khéng chi mang lai hiéu qud
kinh té€ ma con gép phén gidi quyét cdc vin dé méi trwong do phé phdm I6m
nghiép gdy ra. Bai bdo ndy trinh bay két qud nghién ciru thue nghiém quy trinh
sdn xudt than sinh hoc tir vé gé Keo lai bdng phuwong phdp nung yém khi. Diéu
kién ché tao than thich hop tir vd gb Keo lai la: kich thudc vé dwoc nghién nhé
¢& 0,1 — 0,2 cm, nhiét d6 nung 800°C, thoi gian nung 30 phut. Bdc trung vé
cdu truc cta than sinh hoc tir vé gb Keo lai duwoc nghién ctru bdng cdc phurong
phdp SEM, BET, IR. Than sinh hoc tir vé gé Keo lai cé nhiéu 16 x6p, dién tich bé
mdét dat 24,14 m?/qg, kich thwdc mao quan trung binh khoéng 1,7 nm. Cdc mé
hinh hdp phu déng nhiét Langmuir va Freundlich déu mé té tét qud trinh hép
phu Methyl da cam trong nudc tai nhiét @6 phong vdi cdc hé sé héi quy R? I6n
lwot 1d 0,9905 va 0,9780. Dung lwong hdp phu cuc dai cta qud trinh hdp phu
Methyl da cam tinh theo mé hinh Langmuir la gmex= 34,13 mg/g.
ABSTRACT

Producing biochar from forestry waste does not only bring the economic
efficiency but also contributes to solving environmental pollution caused by
forestry waste. This article presents the results of experimental research on
the biochar production process from Acacia hybrid wood bark using anaerobic
calcination method. Appropriate conditions for making biochar from Acacia
hybrid wood bark are: crushed bark size of 0.1 - 0.2 cm, firing temperature
800°C, firing time 30 minutes. Structural characteristics of biochar from Acacia
hybrid wood bark were tested by using SEM, BET, IR methods. Biochar from
Acacia hybrid wood bark has many pores, surface area reaches 24.14 m?/g,
averaged pore size about 1.7 nm. The Langmuir and Freundlich isotherm
adsorption models both describe well the adsorption process of Methyl!
Orange in water at room temperature with regression coefficients R-squared
of 0.9905 and 0.9780, respectively. The maximum adsorption capacity of the
Methyl Orange adsorption process calculated according to the Langmuir
model is gmax = 34.13 mg/g.

1. DAT VAN DE

Thudc nhudém téng hop dugc sir dung trong
cdéng nghiép dét, gidy, cao su, da, nhya va
nganh cong nghiép my pham d3 phat thai cac
chat mau, gay 6 nhiém ngudn nudc. Methyl da

cam la mét loai thuéc nhuém cé y nghia quan
trong trong céng nghiép dét nhung lai co
nhitng tdc ddng déc hai ddi véi con ngudi, ddng
vat va cac hé thyc vat. Nhirng ngudi tiép xdc
vai nwdce thai dét nhudm thuwdng mac cac bénh
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vé da, ngan can sy hap thu oxy va dnh sdng mat
troyi, gdy can trd ho hap va sy phat trién cha cac
sinh vat dudi nuwoc.

Dic diém nuwdc thai trong nganh dét va
nhudm la chat ran lo lirng, mau, BOD va COD
cao. Nuwdc thai loai nay thwong dwoc xtr ly bang
td hop cdc phuong phdp nhu: co hoc, héa ly
(trung hoa chat thai c6 tinh kiém hodc axit
manh; déng tu dé loai bd mau, tap chat lo
Irng), phwong phap oxy hoa hda hoc, dién hda,
sinh hoc, hdp phu... Phuong phép hap phu dé
x& ly phdm nhudm thudng duoc st dung & giai
doan cudi nham x{ ly triét dé. Biochar (than
sinh hoc) 1a than cé dd x6p cao dugc tao ra tur
qua trinh nhiét phan nguyén liéu thd c6 ngudn
goc tlr sinh khdi thyc vat hodc phu pham nong
nghiép (than cay ngd, vo dau phong, vé go,
trau, phan gia stc va phan gia cdm) trong méi
trudng yém khi. Cac yéu td chinh quyét dinh
d&c tinh cta biochar 13: thanh phan vat liéu ban
dau; cac yéu té cla qud trinh nhiét phan (nhiét
do, khi, thoi gian phan rng, chat xuc tac). Trong
qua trinh nhiét phan, & nhiét d6 thap xenlulozo
va hemi-xenlulozo bi mat do bay hoi dan t&i su
suy giam vé khdi lwvgng. Chat khodng va bd
khung cacbon van gitt duoc hinh dang cau truic
cla vat liéu ban dau, [dm cho than cé trang thai
x8p va cé dién tich bé mat |&n. Cac nhdm chirc
bé mat khong nhitng dugc hinh thanh tir phan
(rng vai oxi trong qua trinh nhiét phan ma con
la két qua tir phan &ng véi cc oxit dang khi nhu
khi nito oxit, khi cacbonic... hay véi cdc dung
dich nhu axit HNOs, H20;... V&i cac tinh chat da
néu, biochar dugc st dung réng rai trong nhiéu
[inh vic khac nhau nhw canh tac néng nghiép
(cai tao dat, gitr 4m), xr ly 6 nhiém madi trudng
(chat hap phu, xuc tac, chat mang xuc tdc).
Biochar 13 vat liéu hap phu tiém ndng vi ¢ cac
tinh chat gidng than hoat tinh, ddc biét viéc ché
tao biochar don gidn hon than hoat tinh va cé
thé tao biochar tir cac chat thai cd ngudn goc
sinh khéi. Diéu nay da thuc ddy céc nghién clru
trong nudc va quéc té vé chuyén hda chat thai
thanh biochar va &ng dung trong x& ly moi
trudng hodc canh tac néng nghiép, dé dat dong
thoi hai muc tiéu: x&r ly chat thai tir sinh khai va

Xt ly & nhiém maéi trwong, tao vat liéu cai tao
dat [1-6].

Bai bdo nay trinh bay k&t qua ché tao than
sinh hoc tir vo gb Keo lai — mdt ngudn nguyén
lieu doi dao, san c6 & Viet Nam; nghién ctru
diéu kién nung vé gb Keo lai thich hop bang
phuwong phdp nung yém khi, kiém tra danh gia
dd hap phu phdm mau Methyl da cam; xac dinh
hinh th&i va dién tich bé mat than sau nung.

2. PHUO'NG PHAP NGHIEN CU'U
2.1. Nguyén liéu, héa chat, thiét bi

V4 gb cdy Keo lai:

Cay Keo lai c6 tén khoa hoc la (Acacia
Auriculiformis Mangium) thuéc ho Dau
(Fabaceae) va ho phu la ho Trinh nit
(Mimosaceae). Sau khi tach |dy phan vo, rira
sach bang nudc, phoi khd trong didu kién tu
nhién, sdy & nhiét d6 105°C dén khi khéi lwvgng
khéng doi.

Héa chét:

Dung dich HNOs, H;0,, NaOH, HCI, Methyl
da cam. Tat ca cdc hda chat néu trén cd dd tinh
khiét PA, xuat s Trung Qudc.

Thiét bj nghién ctru:

Thiét bi nghién, thiét bi ray kich thudc 16
(0,32 mm), can phan tich 4 s8, 16 nung, may lac
KS 3000i control, IKA — Dirc, td sy UN 160,
Memmert — Dlrc, may do quang Cary 100 UV
—Vis, Algilent My.

2.2. Phwong phap nghién ctru
2.2.1. Ché€ tao vdt liéu (nhiét phén trong méi
trworng yém khi)

Nghién clru sy bién déi khdi lwvong, dé hap
phu Methyl da cam cla mau than theo nhiét
do, thoi gian va kich thudc, ti€n hanh qud trinh
cacbon hda. Cac thi nghiém dugc tién hanh véi
50 gam vé gb Keo lai theo 2 kich thuéc (0,1-0,2
cm); (1,0 — 3,0 cm) cho vao chén s cé nap day
kin, nhiét d6 16 nung khéng déi : 300, 400, 500,
600, 700, 800, 900°C trong cac khoadng thoi
gian: 30, 60, 90, 120 phat.

Xac dinh hiéu suat thu héi va dung lvong
hap phu Methyl da cam cla tirng mau than, lva
chon nhiét dé nung, thoi gian nung vd&i kich
thudc vat liéu thich hop nhat cho qua trinh
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cacbon héa vo gb Keo lai.
Hiéu suat thu hoi than duorc tinh theo cong thirc:

H% = 22 x 100% (1)
mq

Trong dé

m1: khéi lwvgng mau vé gb Keo lai ban dau;

m32: khéi lwgng than thu duorc.

2.2.2. Khéo sat kha nédng hdp phu phdm mau

Dé khao sat, danh gid kha nang hap phu
phdm mau cla than, tién hanh thi nghiém can
1,0 gam than hip phu trong 100 ml dung dich
Methyl da cam cé néng d6 (10, 15, 20, 30, 50,
70ppm), lac trong 60 phut, téc do lac 50
vong/phat. Nong dd Methyl da cam con lai sau
khi hap phu duoc xac dinh bang phuwong phap
hap thu nguyén t&r Cary 100 UV — Vis, Algilent
MY, gidi han phat hién 0,5 pg/I.

Xac dinh ham lugng hap phu dat & trang thai
can bang, thiét 1ap phuong trinh hap phu dang
nhiét Langmuir — sy hap phu don 1&p trén bé
m&t than va phuong trinh hap phu dang nhiét
Freundlich.

Phuwong trinh Langmuir c6 dang:

G 45 2)

q K1pq9max dmax
Phuwong trinh Freundlich c6 dang:

lgq = lgKg + ~1gC; 3)
Trong do
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g, gmax: dung lwong va dung luong hap phu
cuc dai (mg/g);

Cs: ndng d6 dung dich tai thdi diém can bang;

Ki: hé sé cia phwong trinh Langmuir;

Ke, n: hang s& Freundlich dic trung dung
lwong hdp phu va cudng dé6 hap phu.

2.2.3. Ddic trrng cdu tric, hinh thdi hoc bé mdt
than

Danh gia dédc trwng cau tric bé mat than sau
nung bang phuong phap hién vi dién t&r quét
SEM, dién tich bé mat riéng BET, phé hong
ngoai IR.

3. KET QUA VA THAO LUAN

3.1. Khdo sat qua trinh cacbon héa

3.1.1. Anh huéng cia qud trinh cacbon héa
dén hiéu sudt thu héi than

Qué trinh cacbon hda vo gd Keo lai bang
phuong phap yém khi chinh la qua trinh nhiét
phan khoéng cé oxy. Qua qua trinh nay, vo gb
Keo lai s& dugc loai bd nuwdc, cac hop chat hiru
co dé bay hoi, thom hoa cac soi cacbon hodc
hinh thanh I&p graphit tao cac 16 x8p.

K&t qua thwc nghiém nghién ctu sy phu
thudc gitra bién d6i khdi lwvong mau vé gb Keo
lai (m%) vao nhiét d6 va thai gian véi 2 loai kich
thuéce (0,1 — 0,2 cm); (1,0 — 3,0 cm) duwoc thé
hién tai Hinh 1.

Kich thwée 1,0-3,0 cm

—e—300 400
500 600

120 700 800
S 100
i \
=
£ 60 o —
g 40 .
g 2 T
T o0

0 30 60 90 120

Thoi gian (phut)

Hinh 1. Sy bién thién khdi lwgng mau clia vo gob Keo lai & 2 kich thwéc theo nhiét dd va thoi gian

T Hinh 1, cho thay khi & ca 2 loai kich thudc
khdc nhau, qua trinh than hda xay ra theo hai
giai doan rd rét, giai doan dau |3 giai doan bay

hoi 4m dién ra twong déi nhanh tir 15 dén 30
phut; giai doan 2 la qud trinh nhiét phan cac
chat hitu co dé tao than, t6c dd xay ra cham.
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Tuy nhién khi nung vé gd Keo lai & kich thwéc
nhd (0,1 — 0,2 cm) cho hiéu suat thu hoi than
nho hon nhiéu so vai kich thuwdce I6n (1,0 — 3,0
cm). Diéu nay duoc gidi thich bdi khi kich thudc

Kich thwée 0,1-0,2 cm
60.00

Ul
o
o
o

60 90 m120

40.00

‘ 30
300 400 500 600 700 800 900

Nhiét do

t thu hdi (%)

€u sua

A

= N w
o o o
o o o
o o o

Hi

vd gb Keo lai cang nho thi dién tich ti€p xuc
nhiét cang |&n, cdc hop chat hitu co bi loai bd
cang nhiéu, hiéu suat thu hoi thap.
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Hinh 2. Anh hwéng cla nhiét dé va th&i gian dén hiéu suat thu hdi than

T Hinh 2 cho thay, nhiét do 1a yéu t6 anh
huwédng I&dn quyét dinh hiéu sudt cacbon hoda,
cung thoi gian cacbon hoéa, nhiét do cang cao,
hiéu suat thu héi than cang thap. Do trong qua
trinh nhiét phan, & cac nhiét d6 thap xenlulozo
va hemi — xenlulozo bi mat & dang hitu co bay
hoi din dé&n suy giam vé khdi lwvong, khi nhiét
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dod cao xay ra qua trinh chay cta cacbon tao

lwong tro hda nhiéu.

3.1.2. Anh huéng ciia ché dé cacbon héa dén

dung lwong hép phu Methyl da cam cda than
K&t qua khao sat so bdé kha nang hap phu

Methyl da cam cla cdc mau than ché tao duoc

thé hién trong Hinh 3.
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Hinh 3. Anh huwéng clia ché dé cacbon héa dén dung lwgng hap phu Methyl da cam

K&t qua cho thay khi tdng nhiét d6 cacbon
héa, dung lvong hap phu Methyl da cam ting
lén. Nhwng qua giad tri nhiét d6 800°C, dung
lwgng hap phu Methyl da cam giam di d6t ngét,
do khi nhiét d6 tang lam tang t6c d6 cacbon

héa, tao nhiéu tro than, phd v& ciu tric xop,
|dm gidm dién tich bé mat riéng cda than, do d6
dung luvgng hap phu gidm.

DE cé thé lua chon ché dd cacbon hda hiéu
qua nhat, tién hanh danh gid kha ndng hap phu
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metyl da cam clia cdc miu than duogc nung &
800°C trong cac thoi gian khac nhau vdi 2 dang
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cao 200 ppm. Két qud dugc trinh bay tai Hinh 4.
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Hinh 4. Dung lvgng hap phu clia cadc mau than cacbon héa nhiét d6 800°C

Tl Hinh 4, cho thay d6i véi mau than cé kich
thudc I6n (1,0 — 3,0 cm) khi nung & 800°C sé
cho dung lvong hap phu Methyl da cam tang
dan khi thoi gian nung ting [&n. Tuy nhién mau
than co kich thuwdc nhd (0,1 —0,2 cm) dat gia tri
dung lvgng hap phu 1&n trong thoi gian ngan
va én dinh trong 1 khodng th&i gian. Chi dén khi
mau than nung trong th&i gian qué 120 phut thi
dung lugng hap phu cé dau hiéu gidm di, do mot
phan than bi tro hda anh hudng téi mang cacbon,
gidm dién tich bé mat riéng cla than, dan dén
giam dung luvong hdp phu Methyl da cam.

Nhu vay, c6 thé lya chon diéu kién cacbon
héa vé gb Keo lai thich hop: dwgc nghién nho
dén kich thuéc nhd (0,1 — 0,2 cm) tai 800°C
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Hinh 5. Phurong trinh Langmuir thé hién sw hap phu

Methyl da cam ctia than

trong thoi gian 30 phat vira ddm bao hiéu suat
thu hoi than, vira ddm bao thu duwoc than cé
kha ndng hap phu Methyl da cam t6t nhat.
3.2. Khao sat kha niang hap phu pham mau
Metyl da cam

Puong dang nhiét hap phu [d md hinh toédn
hoc mé ta sy phan bé cda ham lugng Methyl
da cam trong nudc, dua trén cac gia dinh lién
quan dén déng nhat/khéng déng nhat cla vat
liéu hdp phu. Dya vao khao sat kha nang hap
phu Methyl da cam theo néng dd trén than, xay
dwng mo hinh hap phu dang nhiét Langmuir va
Freundlich dé tinh toan cac théng s& hap phu.
K&t qua thu dwoc thé hién tai Hinh 5 va Hinh 6.
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Hinh 6. Phurong trinh Freundlich thé hién sw
hap phu Methyl da cam cha than
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Biét dugc tham sd R. s& danh gida dwoc mirc
dd phu hop gitta s6 liéu thuc nghiém véi mod
hinh hap phu Langmuir va cu thé:

RL > 1: khong phu hop;

RL = 1: tuyén tinh;

0 < RL<1: phu hop;

0.25
0.20
0.15
0.10

0.05

0.00
0 20

RL = 0 khong thuan nghich.

Xac dinh tham s6 Ry, tir d6 xay dwng do thi
sy phu thudc cha R. vao ndng dd ban dau
Methyl da cam, két qua thu duwoc thé hién tai
Hinh 7.

40 60 80
C

Hinh 7. Sy phu thudc ctia R vao néng dé ban dau methyl da cam

K&t qua trén Hinh 7, tham sé Langmuir Ry
nam trong khodng (0< R, <1), |a dang thuan loi.
K&t qua cling cho thay tham sé R, phu thudc
vao ndng dé ban dau chat bi hap phu Co, Co

cang tang thi R, cang dan dén 0, nghia la khi
néng dé ban dau chat bi hap phu tdng thi mé
hinh cang cé xu thé ti€n dan dén mo hinh khéng
thuan loi.

Bang 1. Cic thong s6 trong md hinh hap phu déng nhiét Langmuir va Freundlich than tir vé gd Keo lai

, Phuwong trinh max K
M6 hinh hap phu gn, i R? 9 '
2 in . dang tuyén tinh (mg/g) (L/mg)
dang nhiét Langmuir
y =0,0293x + 0,0849 0,9905 34,13 0,35
. Phuwong trinh K
M6 hinh hap phu gA’ , R? n F
2 in . dang tuyén tinh (mg/g)
dang nhiét Freundlich
y =0,3085x + 1,0597 0,9780 3,24 11,47

T két qua trong Bang 1, cac hé sb twong
quan R? kha cao (R?=0,9905) cho mé hinh hap
phu dang nhiét Langmuir, nguoc lai hé sd
twong quan R? cho mé hinh dang nhiét
Freundlich lai cé gia tri thap (R?= 0,9780); cac
gid tri tham s6 can bang R. (Hinh 7) va hé s6 n
déu nam trong khodng thuan lgi cho qua trinh
hap phu. Nhuw vay mé hinh hap phu ddng nhiét
Langmuir la m6 hinh thuan lgi mé ta qua trinh
hap phu Methyl da cam cda than ché tao tir vd
gd Keo lai, vdi gia dinh rang bé mat hap phu chi
c6 thé xdy ra & don |&p bé mat va sy hap phu

xay ra déng nhat.

Dung lwgng hap phu cuc dai Methyl da cam
clia than tir vo gb Keo lai (34,13 mg/g) cao hon
so vdi modt s6 than hoat tinh ché tao tw cac
ngudn tro trau (33,50 mg/g), than hoat tinh ti
géo dira (9,34 mg/g), nhung thap hon so vadi
than than tre (312,50 mg/g) va than ba dau
nanh (153,85 mg/g), than ché tao tlr lignin
(300,00 mg/g). Tuy nhién, phuong phap nay
khéng sir dung hda chat, dé tién hanh hon so
vdi quéa trinh san xuat than hoat tinh, thiét bi
don gian (nung yém khi) nén cé thé dé dang ap
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dung san xuat & cac vung siu, vung xa. Trong
khi san xuat than hoat tinh can cé cdng nghé
san xuat phirc tap hon rat nhiéu.

K&t qua nay ciling cho thay kha ndng hap phu

Methyl da cam cua cdac loai than phu thudc ban
chat cla nguyén liéu dau vao ché tao than va
quy trinh ché tao cling nhu tdc nhan hoat hoa.
Cu thé dit liéu dugc trinh bay & Bang 2.

Bang 2. Dung luvgng hap phu metyl da cam cla than tir vé gé Keo lai va mét s6 than khac

1T Nguyén liéu ddu ché tao than  Tacnhdn hoathéa  qmax(mg/g) Tai liéu tham khao
1 Than tre KOH 312,50 [5]

2 Than Tra Bic (gdo dira) HNOs/H,0, 9,34 [6]

3 Lignin ZnCl, 300,00 [7]

4 Tro trau HF 33,50 [8]

5 B3 ddu nanh ZnCl, 153,85 [9]

6 Vé gb Keo lai 34,13 Bai bdo nay

3.3. M6t sd dic trwng ciu triuc cha than tir vo
go Keo lai
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K&t qua ph6 hdng ngoai cha than sinh hoc BC
tr vo gb Keo lai dwoc trinh bay tai Hinh 8.
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Hinh 8. Phé hong ngoai clia than sinh hoc BC tir vé gb Keo lai

K&t qua phd hong ngoai ctia mau BC, than
sinh hoc thu dugc tir qua trinh nung yém khi vd
gd Keo lai tai nhiét do6 800°C d3 cho thay su
xuat hién cla giai peak rong trong vuing tir 3000
- 3700 cm’, tuong &ng vdi cac dao déng cla
nhédm chirc O-H va C-OH. Peak cé cwong d6 nho
& khoang tan s6 1711 cm™ twong ng vai su
xuat hién cta nhém chirc C = O. Cac dao do C-
H cling ton tai thé hién cla sy xuat hién cic
peak tir 1400-1500 cm. Sy xuat hién cla cac
peak trong dai tan s6 tir 1000 téi 1100 cm™
tuong &ng vdi cac dao dong C-0. Cac peak ti

800 t&di khoang 910 cm™, tuwong rng vdi cac dao
ddng = CHR. K&t qua trén cho thay, khi nung
trong yém khi vo gb Keo lai & khodng 800°C tao
thanh carbon hoat tinh v&i cac nhém chire -C-
OH hodc - COOH cé kha nang twong tac vai cac
hop chat mau, tir d6 cé thé tao nén kha nang
hap phu phdm mau tét.

Anh chup SEM clia mau than sinh hoc BC d3
thé hién hinh dang va ciu tric bé mat than kha
rd nét. Trén bé mat than xop, xuat hién cac 16
rong gitp mau ting hiéu suat hap phu pham
mau. K&t qua chup SEM duoc thé hién & Hinh 9.
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Hinh 9. Anh SEM than sinh hoc BC tir vé gb Keo lai

K&t qua do dién tich b& mat riéng bang
phuong phap BET mau than sinh hoc BC cho
thay gia tri dién tich bé mat 24,14 m?/g, két qua
nay tuong doi gan vai cac két qua xac dinh dién
tich bé mat cla mét s loai than sinh hoc duoc
ché tao tir cac loai sinh khdi thyc vat khac, tir
rom ra ( nhiét d nung 500°C) la 30,5 m?/g [10].
Véi kich thuéce 16 rong 1,7 nm tuong duong
kich thudc céc 16 nho (Micropores), lam gia
tang kha ndng hap phu phdm mau.

4. KET LUAN

K&t qua nghién clru da cho thay khoi lwong
than sinh hoc cé ngudn goc tir vo gb Keo lai —
mot phu pham 1am nghiép, cé dac tinh dép &ng
kha nang trién khai dp dung x{ li ngudn nudc bi
6 nhiém. Phuong phap san xuat théda man tiéu
chi an toan, don gian, dé van hanh, pht hop véi
diéu kién quy mé nhd, véi thoi gian nhiét phan
twong ddi ngan (30 phut). Cac thi nghiém hap
phu phdm mau Methyl da cam cho dung luvgng
hap phu cyc dai twong d6i kha quan so vdi cac
loai than sinh hoc tir cdc ngudn phu pham néng
nghiép. Sy hdp phu cda Methyl da cam trén
than tir vé gb Keo lai |a hap phu don 16p, tuan
theo mé hinh Langmuir. Dung lwong hap phu
cuc dai Methyl da cam cha vat liéu dat gia tri
34,13 mg/g. Pac trung cau truc vat liéu cho
thdy su hinh thanh cdc nhdm chire axit -COOH,
dién tich bé mat than 1&n, than x8p lam ting
tinh hdp phu phdm mau.
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