SCIENCE, TECHNOLOGY - ENGINEERING

MOT SO TINH CHAT LY HOA

CUA THAN SINH HOC

SOME PHYSICAL AND CHEMICAL PROPERTIES OF BIOCHAR

ThS. Nguyén Pat Phuong

Khoa Ky thuat Ha tang - D6 thi, Trudng DHXD Mién Tay
Email: nguyendatphuong@mtu.edu.vn

Pién thoai: 0982 438 763

Tom tat:
Muc tiéu cua bai bao nay la giéi thiéu
téng quan vé tinh chat ly hoa cda than
sinh hoc (TSH). Tinh chat ly héa ctia TSH
phu thudc vao nguyén liéu va diéu kién
nhiét phan. Nhiét d6 nhiét phan thap
nang suat TSH cao va ngudgc lai. Nhiét do
nhiét phan cao TSH c6 ham lugng carbon
cao, dién tich bé mat I6n, va dac tinh hap
phu cao. Gia tri CEC clia TSH bi anh hudng
b&i mot sé yéu té nhu: Loai sinh khéi, qua
trinh nhiét phan, nhiét 6 nhiét phan, pH
cla TSH. Gia tri pH cta TSH phu thubc vao
nguyén liéu va diéu kién lam than, nhiét
do tang thi pH tang va nguac lai.
Tu khoa: CEC; nhiét dé; pH; than sinh
hoc.
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Abstract:
The aim of this article was to present
the overview about physical and chemical
properties of biochar. The physical and
chemical properties of biochar depend on
the raw material and pyrolysis conditions.
The low pyrolysis temperature was a high
biochar yield and vice versa. The high
pyrolysis temperature was high carbon
content, large surface area and high
adsorption properties. The CEC value of
biochar has been affected by a number
of factors such as biomass type, pyrolysis
process, pyrolysis temperature, pH of
biochar. The pH of biochar depends on
the raw materials and biochar making
conditions. When the temperature rises,
pH rises and inversely.
Keywords: Biochar;
temperature.
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1. Gi6i thiéu

Than sinh hoc la mét san pham giau
carbon thu dugc do nhiét phan sinh
khéi cac san pham tu thuc vat, dong
vat, ké ca cac loai phan chudng,... duoc
dot trong diéu kién it hoac khong cé
oxy [1]; theo Wu, et al. [2] TSH la san
phdm béi nhiét phan sinh khéi chat
thai dudi diéu kién gidi han oxy; con
theo Verheijen, et al. [3] TSH dugc dinh
nghia la vat liéu giau carbon, cap hat
min, x0p, dugc san xuat bang cach
nhiét phan tu sinh khoi hitu co trong
diéu kién oxy han ché va & nhiét do
tugng déi thap (< 700°C).

Than sinh hoc con dugc biét dén
nhu mot vat liéu bé sung cho dat dé
cai tao va duy tri d6 mau mé cua dat va
tang kha nang luu gilr carbon trong dat
[4]. TSH c6 cau tric xop vai dién tich bé
mat riéng cao, vGi cau tric dac biét nay
da dugc ching minh la cé kha nang gilr
nudc va giltr dinh dudng trong dat [3].
TSH ngay cang nhan dugc nhiéu su chu
y va dugc khuyén khich bé sung cho
dat badi vi né khéng chi c6 thé giam
thiéu bién d6i khi hau bang cach co lap
carbon tu khéng khi vao dat [5]. TSH cai
thién tinh chat cla dat va nang cao dé
phi dat bang cach cai thién d6 am va
duy tri chat dinh dudng [6], lam tang su
hoat déng cua céac loai vi khuan trong
dat [7]. TSH c6 dién tich bé mat I6n thé
hién kha nang hap phu cao déi véi cac
hop chat hitu co. TSHturomra, bé héng
va tro bay (carbon mau den) va ghi 2
nhan rang TSH tU rom ra c6 dién tich bé
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mat (234,9 m?/g), d6 x6p (0,4392 ml/qg)
va so lugng cta cac nhém chiic nang
(2,995 mmol/g) la 16n nhat [8].

Tu Ung dung trén thay, TSH c6 vai tro
rat I6n trong viéc hap phu dinh dudng,
cai tao dat [4] va giam phat thai khi
nha kinh [5]. Tuy nhién, dé€ c6 thé ung
dung TSH vao gidi quyét cac van dé
moi trudng trén, chung ta can hiéu roé
dac tinh ctia TSH dé 4p dung cho phu
hgp. Véi ly do trén muc tiéu téng quan
vé tinh chat ly héa clia TSH duogc thuc
hién.

2. Phuong phap nghién cttu

Trong nghién cliu nay phuong phap
dugc tac gid st dung chi yéu la téng
hop cac nghién ctu, cong trinh vé TSH
da dugc cong bé trong va ngoai nudc
dé téng quan vé nguén nguyén liéu,
cau truc, dién tich bé mat, dac tinh, co
ché hap phu va kha nang iing dung cla
TSH. Cac n6i dung va 25 bai bao nghién
ctiu khoa hoc da dugc tac gia tong hap
thé hién cu thé qua Bang 1.

Bdng 1. Téng hop cdc nghién cuu vé
than sinh hoc trong va ngoai nuéc

STT| Néi dung cia nghién ciru | Nguén

(11

1 |Khai niém vé TSH [21,3]
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Nguoén nguyén liéu hinh

2 thanh TSH [l
Phuang phap chinh dé
3 |nhiét phan sinh khéi lam [10]
TSH
(31,[4],
4 | Caitao do phinhiéu ctia dat | [6],[7],
[21]
Tang khd nang luu gilr
carbon va giam thiéu bién
5 |d6i khi hdu bang cach co [5]
lap carbon tu khéng khi vao
dat.
. e [111,012],
6 |Nang suat cta TSH. 3]
; Kha nang trao ddi cation [15],[16],
(CEQ). [17],018]
8 Cau truc ctia than sinh hoc 20]
tre.
. , [111,018],
9 |Po6 pH cuaTSH. [19]
10 |Dién tich bé mat ctia TSH. [8],[22]
11 |Co ché hap phu ctia TSH. [23[]2’[52]4]'

3. Quy trinh san xuat than sinh hoc

3.1. Nguyén liéu sdn xudt than sinh
hoc

Ngay nay, ngudi ta c6 thé si dung
bat ky cac loai vat liéu dé san xuat ra
TSH nhu: G, chat thai tu gé, trau, vo
hat, du lugng phan bén va du lugng
cay tréng,... Ngoai ra, cé nhiéu nguyén
lieu khac cing co6 tiém nang dé san
xuat TSH nhu: Bun thai, rac thai dé thi,
phan gia suc, gia cam va phan compost
[9]. V& nguyén tac, bat ky vat chat hiu
co nao cling c6 thé nhiét phan, tuy
nhién méi loai nguyén liéu khac nhau
thi cho ra loai than c6 dac tinh ly héa
khac nhau. Do @6, thanh phan héa hoc
cau tao nén sinh khéi vat chat hiru co
la thanh t6 quan trong trong san xuat
TSH.

3.2. Phuong phdp sdn xudt than
sinh hoc

Hién nay, cac 16 dét san xuat TSH
dugc thiét ké & quy moé nhd hd gia
dinh dén quy moé nha may & cac muc
do tu don gian dén trang thiét bi hién
dai. Cac 10 san xuat TSH céng nghiép sé
than thién véi moi truGng hon so véi
cac 1o ham than truyén théng trudc day
vi ching cé hé théng thu gom va x( ly
khi thai.

Co6 2 phuong phéap chinh dé nhiét
phan sinh khéi lam TSH, dé la nhiét
phan nhanh va nhiét phan cham:

- Nhiét phan nhanh: La qua trinh
nhiét phan dung nhiét dé cao va thai
gian béc hai nudc nhanh. Phuong
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phap nay doi hdi nguyén liéu dau vao
phai cé kich thuéc nho va dugc sap
x€p dé hoi nudc thoat ra nhanh. Nhiét
ddé trung binh cla phuong phap nay
khoang 500°C [10].

- Nhiét phan cham: Phuaong phap
nay bao gém qua trinh lam than truyén
théng va cac phuong phap khac hién
dai hon. Pac trung cla phuong phap
nhiét phan cham la téc d6 lam néng
cham, thoi gian thoat hoi nudc dai,
nhiét d6 cling thap hon phuong phap
nhiét phan nhanh, théng thudng
khoang 400°C, ngoaira nguyén liéu dau
vao cling tuong doi I6n hon nhiét phan
nhanh. San pham chinh cla phuong
phap nay chu yéu la than, nhung van
c6 san pham léng va khi dugc sinh ra
[10].

4. Pac tinh caa than sinh hoc

Thanh phan ctia TSH phu thudc vao
cac tinh chat nhu nguyén vat liéu, nhiét
dé nhiét phan, thai gian dun, cbng
nghé dun va cé it hay khéng c6 oxy,...
Cac nghién cltu da chi ra rang cé rat it
ham lugng dinh dudng c6 trong than.
Theo Al-Wabel, et al. [11] ndng suat
cla TSH conocarpus gidm khi nhiét d6
nhiét phan tang tu 51,33%, 31,86%,
27,22%, 23,19% & 200°C, 400°C, 600°C
va 800°C tuong ung; diéu nay phu hop
vGi nghién clu cda Jindo, et al. [12],
nhiét d6 tang nang suat giam va ngugc
lai. Ngoai phu thudc vao nhiét d6 nang
suat ctaTSH con phu thudc vao nguyén
liéu s dung, ndng suat dao déng tu 34
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- 51% [13]. Con theo Demirbas [14] khi
tang nhiét d6 nhiét phan thi nang suat
TSH giam, nang suat TSH tang khi tang
kich thudc mau. Trong khi nhiét d6 cao
va kich thudc hat nho tang toc d6 dot
két qua nang suat TSH giam.

Tinh chat ly hoa cta TSH phu thuéc
vao nguyén liéu va diéu kién nhiét
phan. Nhiét dé nhiét phan thap nang
suat TSH cao; nguagc lai, nhiét do nhiét
phan cao TSH c¢é ham lugng carbon
cao, dién tich bé mat 16n, va dac tinh
hap phu cao. Than sinh hoc & nhiét do
600°C chia chat khé phan huy cao,
trong khi & 400°C chia nhiéu hgp chat
bay hai va dé phan huay. Than sinh hoc
tU trau va rom cé nang suat cao va tinh
chat héa hoc di thuong béi vi su két
hop cla cac nguyén to silica trong cau
tric héa hoc clia TSH. Than sinh hoc
tir g6 c6 ham lugng carbon cao va dac
tinh hap phu cao [12].

4.1. Kha ndng trao déi cation (CEC)

Gia tri CEC ctla than sinh hoc cho
thdy kha nang tiém tang ctia n6 dé trao
ddi cation vai dung dich dat. Qua trinh
nhiét phan cac chat hitu co va viéc tiép
xuc véi oxy khéng khi sau d6 dan dén
su oxy hdéa bé mat TSH. Két qua cla
qua trinh oxy hoa la sy hinh thanh cac
hop chat cé chia oxy (nhu cacboxyl,
hydroxyl, phenol va nhém carbonyl)
trén bé mat bén trong ctia TSH [15]. Cac
gdc nay lam tang dang ké dién tich am
va nang cao kha néang trao déi cation.

Gia tri CEC cuta than sinh hoc bi anh
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hudng b&i mot s6 yéu té sau: Loai sinh
khoi, qua trinh nhiét phan, nhiét do
nhiét phan, pHthansinh hoc[16,17], ty
|é O/C va ham lugng khoang [17]. Theo
moét s6 nghién clu cho rang sinh khoi
anh hudng dén gia tri CEC cla than
sinh hoc. Loai qua trinh nhiét phan va
diéu kién nhiét phan cing dugc bao
cado la c6 anh hudéng dén gia tri CEC.
Theo Lee, et al. [16] gia tri CEC cla than
sinh hoc nhiét phan nhanh gap doéi gia
tri cta than sinh hoc dugc san xuat
bang khi hdéa va theo Harvey, et al. [17]
CEC phu thuéc vao sy hién dién clia cac
nhém chuc ¢é tinh axit nhu cacboxyl,
anhydrit, lactol,... Cadc nghién cudu da
chi ra rang gia tri CEC tang khi nhiét
do tang, cho dén khi dat dén gia tri I6n
nhat, sau do gia tri CEC giam khi nhiét
d6 tang. Nhung nhiét d6 dao dong ma
tai d6 CEC dat gia tri I6n nhat rat khac
nhau, nam trong khoang tur 300 dén
550°C [16, 17]. Gia tri CEC I&n nhat khi
dién tich bé mat cha TSH I6n nhat [18].

4.2. pH

Theo Al-Wabel, et al. [11] TSH cé gia
tri pH thap nhat (pH = 7,37 & 200°C)
phu thuéc vao nhiét d6 nhiét phan.
Tuy nhién, gia tri tang dan khi nhiét do
nhiét phan tang lan lugt: pH = 9,67 (&
400°C), pH = 12,21 (& 600°C) va pH =
12,38 (& 800°C). Gia tri pH ctia TSH phu
thudc vao nguyén liéu va diéu kién lam
than [19]. N6 luén 16n hon 7, vi thé TSH
co tinh kiém, do dé rat tét dé cai tao
dat phén. pH ctia TSH thi lién quan dén

ham lugng tro nén ham lugng tro cao
thi pH cao [18]. pH c6 anh hudng rat
I6n dén cac qua trinh sinh hoc xay ra
(qua trinh trao doi chat, qua trinh sinh
san va phat trién cla vi sinh vat, déng
vat va thuyc vat), anh hudng téi cac qua
trinh vat ly xdy ra trong méi trudng
(qua trinh chuyén mau, qua trinh
chuyén trang thai ran, 1dng khi cQa vat
chat, qua trinh hoa tan, két lang cda vat
chat) anh hudng rat manh dén tat ca
cac phan ting héa hoc xay ra trong moi
truong.

4.3. Dién tich bé mat

Dién tich bé mat riéng la chia khoa
dé biét su tuong tac gita dat va TSH.
N6 chiu anh hudng bd&i nguyén liéu
sinh khoi va diéu kién san xuat. Mac
du cung nguyén liéu nhung céng nghé
san xuat khac nhau sé cho ra cac loai
TSH khac nhau. Than sinh hoc san xuat
& nhiét dé6 nhé hon 450°C c6 dién tich
bé mat riéng < 10 m?%/g. Vi 16 (dudng
kinh < 2nm) c6 anh hudng dén viéc
tang dién tich bé mat.

Hinh thai cau tric bé mat cda than
sinh hoc trau dugc trinh bay & Hinh
1. Than sinh hoc trdu & nhiét dé nhiét
phan 700°C c6 dién tich bé mat (BET) la
14,409 m?/g. Theo Thoa va cdéng su [20]
than sinh hoc tre & nhiét dé nhiét phan
700°C c6 dién tich bé mat la 357,5 m?%/qg.
Diéu nay cho thay than sinh hoc than g6
c6 BET I&n han cay than thao.
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10.0um

Hinh 1. Anh SEM cta than trdu 700°C & @6 phéng dai 3.000, 10 um

D6 x6p cao cua TSH thi dugc giai
thich bai dién tich bé mat I&n. Dién tich
bé mat ctia TSH phu thudc vao téng dién
tich bé mat va thé tich 16 nhoé cda than,
kha nang hap phu ctia TSH phu thudc
vao dién tich bé mat cta than. Dién tich
bé mat cua TSH tang Ién khi tang nhiét
do nhiét phan. Khi than c6 d6 x6p cao
thi gitp than cé kha nang hap phu tét,
dong thaoi lam tang kha nang gilr nuéc
va la noi thuan Igi cho vi sinh vat phat
trién dé xu ly 6 nhiém hoac cai tao do
phi nhiéu cta dat [21]. D€ tang dién tich
bé mat cla than cac nha nghién ciu
da st dung phuong phép rira bé mat
cla than bang cac dung dich nhu KOH,
HNO,, H,S0O,, KMnO, va H.0, [22]. Than
sinh hoc rom dugc san xuat & nhiét d6
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650°C va dugc xtr ly bang KOH c6 dién
tich bé mat I6n nhat (179,7 m?/g) va thé
tich 16 nho (0,081 cc/g). Nguoc lai, TSH
dugc xtrly bang H,SO, va HNO, hap phu
dam thap hon va dan dén mat dé x6p
[22].

Nguyén liéu va nhiét d6 trong qua
trinh nhiét phan c6 thé anh hudng dén
cau trdc phan t va su phan bé kich c&
cla 16, do d6 anh hudéng dén dac tinh
hap thu hidrocacbon. Cu thé, dién tich
bé mat riéng va vi |6 clia TSH tang theo
nhiét d6. Con dién tich bé mat cta TSH
sé khac nhau d6i véi tung loai vat liéu.

5.Co ché hap phu cac chit ctia than

sinh hoc
Kha nang hap phu cta TSH d6i vai
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cac chat 6 nhiém khac nhau (kim loai
nang, chat é nhiém hitu co, va cac chat 6
nhiém khac) thi khac nhau va cé tuong
quan véi dac diém cla cac chat 6 nhiém.
Thém vao d6 co ché hap phu ciing ¢6
thé phu thuéc su thay déi tinh chat cla
TSH nhu nhém chic nang bé mat, dac
diém bé mat, cdu truc 16 réng va thanh
phan chat khoang. Hinh 2 trinh bay co

Liénkéthydro ¢
H

*
-

. il
2. Sir hut dién “u H
tich ) 0
®
pH < pHpe ®

Sir hiat anion

pH > pHpze

Sur hnit canion b

" 3.Phudiyls
rong

ché hap phu cac chat 6 nhiém hiu co
claTSH. Su hap phu cac chat hitu co clia
TSH dién ra theo 6 co ché: (1) lién két
hydro, (2) su hut dién tich, (3) phu day
16 rong, (4) vung chua dugc carbon héa,
(5) hiéu ung ky nudc, (6) cac yéu té khac
(su két tha bé mat, cac tuong tac m-m) va
Hinh 3 trinh bay co ché gidam thiéu su
bay hoi cia amoniac (NH,) do TSH.

1. Céc lién két hydro
4
A " 6. Cac yéu té khac
d
! "
R

Sur két tua bé mat

Cac tuong tac n-nt

Tuong tac ky nude

Vung chua
diroc cac-
bon hoa i

(Y
L

4. Phan ving thanh phan
chira duoc cdc-bon hoa ™.

5. Hiéu g ky nuoc

® (Cac chat 6 nhiém hitu co

® Cic kim loai gin 1én TSH

Hinh 2. Co ché hdp phu cdc chdt hitu co ctia TSH [23]
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Su hap phu NH; ¢ céc nhém chife ning
hé lTlil &

trong cdc

16 siéu nhaog
Visinh vit giy ra
sir hap phu NHa"

-
-
-

vl tri trao
doi cation

Su chuyén
doi proton
gay ra

st

Hip phu & vi
tri trao doi

Hinh 3. So d6 minh hoa cdc co ché giam thiéu su bay hoi cia ammoniumac do TSH

gdy ra [24]

Nhiéu nghién ctu khang dinh cac loai
TSH khéac nhau ¢6 dnh hudng khac nhau
lén sy hdp phu nito ammonium va cac
co ché hap phu thi khac nhau duéi cac
diéu kién phan ung khac nhau. Cac co
ché hap phu: Hap phu da I6p (hdp phu
Freundlich), khoang hoa hoac dong hoa,
mo hinh déng hoc 2 bac, hdp phu vat ly,
hap phu hoa hoc, hap phu don va da I6p,
hap phu don I16p va dong hoc biéu kién
2 bac [25].
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6. Két luan

Tinh chat ly héa cta TSH phu thuéc
vao nguyén liéu va diéu kién nhiét phan.
Nang suat, pH cta TSH tang khi nhiét
ddé nhiét phan tang va nguagc lai, nhiét
dd nhiét phan cao TSH c¢é ham lugng
carbon cao, dién tich bé mat 16n. Gia tri
CEC cuta than sinh hoc bi anh hudng béi
mot sé yéu té nhu: Loai sinh khéi, qua
trinh nhiét phan, nhiét dé nhiét phan,
pH cla TSH. Dién tich bé mat cta TSH
tang lén khi tang nhiét dé nhiét phan.
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