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The aim of this study was to determine some physico-chemical
properties of biochar from sugarcane bagasse at pyrolysis temperature
of 500°C and 700°C. Biochar was produced by pyrolysis method
(500°C and 700°C) by a kiln - VMF 165, the nitrogen gas was pumped
into the furnace at a rate of 3 L min™* to remove the air from inside of
the furnace. The kiln temperature was increased from room temperature
to 500°C and 700°C at a heating rate of 10°C min . The treatments
were randomly arranged with 2 treatments and 3 replicates for each
treatment. Results of SEM show that biochar from sugarcane bagasse at
a pyrolysis temperature of 500°C and 700°C has a pore structure which
is much higher than raw bagasse. Biochar yield at 500°C is higher than
700°C by 28.19% and 21.18%, respectively. The pH, EC, and CEC
values of biochar from sugarcane bagasse are increased with increasing
temperature. The high carbon content at 700°C has reached 38.97%.
The pH, value at 500°C is 8.26 and at 700°C, it is 9.29.
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Than sinh hoc

Muc tiéu cua nghién clru nay la xac dinh mot s6 tinh chat 1y hoéa caa
than sinh hoc tir bd mia & nhiét do nhiét phan 500°C va 700°C. Than
sinh hoc duoc ché tao bang phuong phap nhiét phan (500°C va 700°C)
bé‘mg 16 nung VMF 165, tdc do khi nito duge bom vao 1014 3 L phl’l‘[il
dé loai bo khong khi trong 16. Sau d6, nhiét d 16 dwoc nang 1én tir nhiét
do phong dén 500°C va 700°C véi tbe do gia nhiét 10°C phit . Thi
nghiém dwoc bd tri hoan toan ngiu nhién véi 2 nghiém thirc va 3 1an lap
lai cho m&i nghiém thic. Két qua SEM cho thdy than sinh hoc tir ba
mia & nhiét d6 500°C va 700°C ¢6 céu truc 15 rdng cao hon rat nhiéu so
VGi bi mia tho. Nang suit than sinh hoc tir bi mia & 500°C cao hon
700°C lan luot 1a 28,19% va 21,18%. Gia tri pH, EC, CEC cua than
sinh hoc tir bi mia déu tang khi nhiét d6 taing. Ham lugng cacbon cao
nhit & 700°C dat 38,97%. Gia tri PHpzc & 500°C 1a 8,26 va & nhiét do
700°C 14 9,29.

DOI: https://doi.org/10.34238/tnu-jst.6416

Email: nguyendatphuong@mtu.edu.vn

http://jst.tnu.edu.vn

12 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.6416

TNU Journal of Science and Technology 228(02): 12-19

1. Mé dau

Than sinh hoc (TSH) 1a mot san pham giau cacbon thu dugc do nhiét phan sinh khdi cac san
pham tir thyc vat, dong vat, ké ca cac loai phan chudng,... dugc dét trong diéu kién it hodc khong
c6 oxy; hay TSH la san phém boi su phan huy cac chat hitu co dudi diéu kién gidi han oxy va
nhiét d6 thap (< 700°C) [1]. CAu trtic cua TSH rét phirc tap, khong dong nhat va bao gdbm cac hop
chat vo co (chi yéu la khoéang chat, chang han nhur oxit, cation, anion, gic ty do,...) va hiru co
(phan tir hitu co khong bén va d& an mon) [2]. Cac dic tinh vat 1y va hoa hoc ciia TSH 1a chia
khoa dé hiéu cac hoat dong va co ché ciia TSH trong viéc cai thién do phi nhiéu cua dat [3]. Co
ché chinh cho viéc cai tao ning suit cia cay la do TSH 1am ting kha ning giit nude cho dit sau
khi b6 sung TSH vao [4], [5]. Than sinh hoc c¢6 tong 6 xdp cao, vira c¢é thé giir nudc trong cac 18
rdng nho, vira tang kha nang giir nudc va gitp nude tham tir bé mat dat 1én 16p dat mat qua cac 16
réng Ion hon sau mua 16n [6]. Viéc tng dung TSH c6 thé lam ting gi4 trj pH cua dat. Theo Y.
Wang, Yin, va Liu [7], TSH trau lam ting d6 pH cua dat vuon ché (dat chua) tir 3,33 1én 3,63.
Con theo Laird, va Dtg [8] pH cua dat nong nghiép tiang gan 1 don vi pH dbi véi dat duoc bo
sung TSH duoc san xuat tir & cing hdn hop (Quercus spp. and Carya spp.). Su gia tang do pH
cua dat €0 thé 1a diéu kién thich hop cho ré& hip phu mot s6 nguyén to trong dat ddn dén canh tac
phat trién tét. Kha ning trao d6i cation 1a nhimg thudc do gian tiép vé kha ning giit nudc va chat
dinh dudng cua dat. Theo Laird, va Prg [8] viéc bd sung TSH lam ting kha ning trao ddi cation tir
4 dén 30% so voi cac nghiém thirc khong bd sung TSH. Twong tu, kha ning trao ddi cation cua dét
phong héa cao d ting tir 7,41 1én 10,8 cmolc kg * sau khi xir Iy bang TSH dugc tao ra tir cay keo
dau [9]. Hon nira, sy gia ting lwong cation c6 thé trao ddi trong cac loai dat da dugc bd sung TSH
cho thay su cai thién vé do phi nhiéu cta dat va duy tri chat dinh dudng, c6 thé 1a do dién tich bé
mit riéng cao va mot s6 nhom cacboxylic cia TSH [10]. Lugng cac nguyén t6 dinh dudng chiét
xuit duogc (Na, K, Ca va Mg) tang 1én sau khi str dung TSH [7].

Viét Nam 1a dit nuéc ndng nghiép chiém ty trong Ion, sé luong phé pham, phu phim néng
nghiép thai bo rat 16n, trong d6 c6 ba mia. Theo sb liéu théng ké caa N. T. K. Trinh, va Drg [11],
luong ba mia thai bo khoang 4,5 tri¢u tan/nam. Tuy nhién, hau hét chung déu duoc xir Iy bang
phuong phéap dbt hodc do truc tiép xudng song, ho, kénh, rach,... de doa dén cac hé sinh thai thuy
sinh va cac hoat dong cua con ngudi. Hién c6 mot s6 nghién cttu s dung ba mia lam vt lidu hap
phu methylene blue, xir Iy ammonium [11]. Do d6, san xuét than sinh hoc tir cac chét thai sinh khoi
nay co thé 1am giam cac tac dong tidu cuc dén méi truong.

Khi TSH dugc sir dung cho cac van d& dat hodc dé giai quyét cac mdi quan tm vé méi
truong, diéu quan trong 1a phai lya chon nguyén liu t6i wu va quy trinh nhiét phan trude khi san
xuat TSH. Ngoai ra, dé tdi wu héa TSH cho cac muc dich sir dung cu the cac déc tinh cua TSH
phai duoc nghién ciru va hiéu r3. Do dé, bai bao nay da phan tich mét sb dic tinh 1y hoa thiét yéu
cua TSH tir bd mia dugc tao ra ¢ hai nhiét d6 nhiét phan khac nhau la 500°C va 700°C.

2. Thue nghiém
2.1. Nguyén vit li¢u

B4 mia dugc thu gom tai cac xe ban nudc mia tai quan Binh Thuy, thanh phé Can Tho.
2.2. Sén xudt than sinh hoc

Ba mia sau khi thu gom duoc rira sach, phoi kho va xay thanh bt (0,5 — 1 mm) sau do duoc
nén vién. Than sinh hoc bd mia dugc ché tao bang phuong phap nhiét phan cham & nhiét do
500°C va 700°C. Sau khi cho mu vao budng nung, khéi dong hé théng dién 16 nung, tiép theo
tién hanh khoi dong bom chén khong dé hut hét khong khi (khi oxy) bén trong buong nung cua
16, sau khi hut hét khong khi tién hanh bom khi nito vao tro Ial budng nung cua 1o dén trang thai
can bang, tdc khi nito duoc bom vao 10 véi tde @6 3 L phut . Sau @6, nhiét d6 10 duoc nang Ién
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tr nhiét do phong dén 500°C va 700°C véi toc do gia nhiét 10°C phat *. Nhiét do duoc gitr &
nhiét d6 mong muon trong 2 gi¢ va sau d6 né dugc lam mat dén nhiét d6 phong.

2.3. Bo tri thi nghiém

Thi nghiém dugc bd tri hoan toan ngau nhién véi 2 nghiém thirc va 3 1an lap lai cho mdi
nghiém thuc.

2.4. Phwong phdp phén tich va xir Iy sé liéu
2.4.1. Phuong phadp phan tich

- Po pH, EC: MAu than sau khi nung dwgc nghién nho qua riy 45 pm sau d6 ly trich voi nuéc
cat ty 16 1 : 100 (0,5 g mau va 50 ml nudc cét), lic trong 1 gio va ly tim 5 phat, sau d6 loc liy
phan nudc trong dé do.

- Kha ning trao doi cation (CEC) (cmolc kg'): Xac dinh kha ning trao d6i cation bang
phuong phép ly trich bang BaCl, 0,1 M va chuan do bang EDTA 0,01 M. Méu than duoc nghién
nho qua rdy 45 um ly trich bang BaCl, 0,1 M ty 1€ 1:30 (1 g than: 30 mL BaCl, 0,1 M). Can W,
1a khoi luong 6ng lytimva 1 g mau. Lan dau lic 1 gio ly tam 10 phut sau do d6 bo phan nuéc
trong va 1ap lai 2 1an nira, lic 30 phit va ly tam 10 phut mdi lan. Tiép tuc 6 bo phan nuéc trong
thi cho vao 30 mL nuéc cit lic tay va ly tim 10 phat. D6 b phan nudc trong thi cin W,. Cho
vao 30 mL MgSO, 0,02 M, lic 2 gio va ly tim 10 phut. Sau d6 hiit 5 mL méau nudc trong + 20
mL nuéc cat + 1 mL dung dich dém pH 10, 4 giot chat chi thi mau va chuin d6 véi dung dich
chuan EDTA 0,01 M.

- Ham lugng cacbon: Xac dinh bang phuong phap dbt. Trang coc sanh bang nudc Cat cho vao
ta say 105°C trong vong 1 gio, lay coc ra de nguoi trong binh hat am 30 phut. Can coc ta dugc
trong luong P, sau d6 cho mau da sdy vao coc di can trong lugng P xac dinh Py tiép tuc cho vao
10 nung & 550°C trong vong 5 gid sau d6 dit vao binh hat 4m 30 phut can trong luong P,. Va tinh
% tro va % C.

- Xac dinh pHp,: Gia tri pH tai diém dién tich bang khong (pHy,c) cua TSH duge xac dinh
bang phuong phép cua Balistrier va Muray [12]. Chuan bj dung dich NaCl 0,1 M, do gi4 trj pH
ban dau (pH;) ciia NaCl 0,1 M dugc diéu chinh tir pH 2 dén pH 11 bang cach cho thém vao dung
dich NaOH 0,1 M hoac HC1 0,1 M. Can 0,5 g TSH b mia cho vao 6ng ly tam, cho thém vao 50
mL dung dich NaCl 0,1 M sau khi da diéu chinh pH. Chuyén cac éng ly tim vao may lic, lic
trong 24 gio lién tuc véi toe do 190 vong phit ™. Sau do, loc dung dich bang gidy loc Whatman
¢6 kich thuée 15 0,45 pm va do pH sau cuing (pHy). Su khéc biét giita pH ban dau (pH;) va pH sau
cung (pHy) 1a ApH (ApH = pH; — pHy) V& d6 thi ApH = f(pH;), va diém giao nhau cua duong cong
(ApH) va pHj la pHpZC cta TSH tr ba mia.

- Hinh théi cau trac bé mat (SEM): Chup anh bé mat vat liéu bang kinh hién vi dién tir quét
(Scanning electron microscope — SEM), trén thiét bi TM — 1000 HITACHI, Nhat Ban.

2.4.2. Tinh todn s6 liéu
Ning suat coa TSH:
P
H (%) = = x 100 €y
P

% tro duogc tinh theo cong thuc:

P
% tro = — x 100 )

Trong do: W: Trong lugng mau (g) W = P, - P; Py: Trong luong mau va cbc trudc khi nung
(9); P: Trong lugng coc nung (g); P2: Trong lugng mau va coc sau khi nung (g).
V6i khoang sai s6 chip nhan tir 2 dén 10% tinh dugc cacbon ciia nguyén liéu theo cong thic:
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100 — 9% tro
Ne=—T70 ()

Trong dé: 1,724: Hé s6 Van Bemmelen.
2.4.3. Xar Iy 56 liéu

Dung phan mém Microsoft Excel dé xir I s6 liéu va vé& db thi.
3. Két qua va thao luin
3.1. Hinh thdi cdu tric bé mdt cia than sinh hoc tir ba mia

Két qua chup SEM cho thay c6 su khac biét dang ké vé hinh thai cAu trac bé mat cia TSH tir
bd mia S0 V&i nguyén liéu ba mia tho ban dau. Theo d6, vét liéu trude khi nhiét phan co hinh thai
dang tam véi bé mat tuong dbi nhin cua ba mia, khong phat hién 16 rong cua vat ligu (Hinh 1)
con b mia dugc nhiét phan & 500°C (Hinh 2a) va 700°C (Hinh 2b) thi c6 rat nhiéu 15 rdng.

CTu1328 20201221 1552 L x500 200 um

Hinh 1. Anh SEM ciia bd mia trieéc khi nhiét phdn - 500X
Két qua Hinh 2 cho thy hinh thai dang cac soi hinh tru dan xen nhau, cing véi sy xut hién
cua cac 15 réng cua TSH. O nhiét do 500°C (Hinh 2a) céac 16 rdng nho va it hon so véi & nhiét do
700°C (Hinh 2b). Diéu nay c6 thé giai thich 1a do khi ting nhiét do thi cdc chat kém bén cua ba
mia s& bi d6t chay nén tao ra 15 rong cang nhiéu. Két qua phu hop véi M. Ahmadvand va Prg
[13] khi nhiét d6 nhiét phan tir 300°C dén 500°C thi dién tich bé mat cua TSH ting.

CTU1337 202012721 16:50 L 500 cTU1325 20201271 15471 L 500 200 um

Hinh 2. 4Anh SEM ciia ba mia nhiét phin ¢ 500°C (a) va 700°C (b) — 500X

3.2. Niing sudt ciia than sinh hec tir bi mia

Két qua Hinh 3 cho thdy nhiét do nhiét phén cang tang thi ndng qsuét cang giam do cac chat
hitu co dé bay hoi mat di & nhiét do cao nhic¢u hon & nhiét do thap. O nhiét do nhiét phan 700°C
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ning suét dat 21,18% thap hon so v6i ¢ nhiét do 500°C (28,19%). Nguyén nhan cta sut giam nay
chu yéu 1a do sy giai phong hoi 4m va chit bay hoi nhu hemixenluloza va xenluloza c6 trong sinh
khéi bi phan hay khi nhiét 6 nhiét phan tang 1én, két qua nay phu hop véi nghién ciu cia
Nguyen va Dtg [14], Al-Wabel va Dtg [15] va Jindo va Dtg [16].

40 -

t (%)
w
S
_|

A

N
o
1

0

0 - : - : - T 1
500 700
Nhiét ¢ nhiét phan (°C)
Hinh 3. Nding sudt cia TSH bd mia
3.3. Gid tri pH va EC cua than sinh hoc ter ba mia

Gia tri pH cta TSH chiu anh huong caa nhiét d6 nhiét phan. Khi nhiét d6 nhiét phan tang thi
pH cua than cling ting.

%CZ) . ~ 130 - T
=
23 F N i®
;1 \ S 110 - % §
0 N Y0 bt N
500 700 b 500 700
(@ Nhiét do nhiét phan (°C) () Nhiét do nhiét phan (°C)

Hinh 4. Gid tri pH (a) va EC (b) cua TSH tir ba mia

Két gua Hinh 4 m6 ta pH va EC phu thudc vao nhiét dd nhiét phan, khi nhiét d6 nhiét phan
tang thi pH cta TSH tir bd mia cling ting twong (tng voi pH = 7,77 & nhiét d6 500°C va pH =
9,98 & nhiét do 700°C. Nguyén nhan c6 thé do khi gia tang nhiét d6 nhiét phan thi cac nhom chirc
¢6 tinh axit (nhém quinon, chromene va diketone) c6 thé dugc loai bo; do d6, TSH c6 xu huéng
kiém hon [17], [18]. Lopez-Capel va Prg [19] va Tsai [18] ciing cho biét rang pH cua TSH phu
thuoc vao cac dang mudi khoang véi oxit, cacbonat, hydroxit va clorua (nhu KOH, NaOH,
CaCOs; va MgCOj3) c6 thé hoa tan mot phan trong nuéc. Két qua nay phit hop véi nghién ciru ciia
Al-Wabel va Drg [15].

Khi nhiét do nhiét phan tang thi EC cua TSH tur ba mia cling tang twong ung véi EC = 118,93
uS cm ' & nhiét do 500°C va EC = 126,17 usS cm * ¢ nhiét d6 700°C. Theo nghién ctu cta
Nguyen va Btg [14] cho thy gla tri EC cao nhét dugc tim thiy trong TSH luc binh dao dong tur
6489 uS cm ™ dén 7456 uS cm ', trong khi cac TSH tre, tram va triu cho gié tri thap hon dang
ké. Mat khac, & TSH luc binh tao ra ham lugng tro cao va thanh phan v co cht yéu 1a mubi K*,
ca*, Mg2+ va Na* (cao téi 360 g kgg 1); do do, gia tri EC cua n6 cao hon. Ham lugng tro cao
trong TSH trdu cha yéu 1a do su hién dién cua silica (> 300 g kgg, *) va chung chtira mot luong
nhé mudi hoa tan (< 15 g kgy, ). Gia tri EC cta ching do d6 thap nhat, chi tir 65 pS cm ™ dén 92
uS cm . Su khac biét vé EC cia cac TSH dugc san xuat bang cach sir dung cac nguyén liéu khac
nhau c6 thé 1a do sy khac biét vé ham luong tro va nong dd mudi hoa tan (cha yéu 1a K, Ca?*,
Mg?", va Na") trong TSH [20].
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3.4. CEC caa than sinh hoc tir ba mia

Kha ning trao di cation (CEC) cao biéu hién vat liéu c6 kha nang kiém giir nhiéu cation nhu
Ca, Mg, K va céc ion khac. CEC phu thudc I6n vao cac nhom chic bé mat vi chiing c¢6 kha ning
trao do6i cation véi cac cation khac trong dung dich. Vi vay, viéc xac dinh CEC caa TSH ¢6 y
nghia cho thy su thay ddi cua tinh chat vat liéu sau quy trinh thu hoi cacbon, cho biét ham lwong
cation ma vat liéu c6 thé gitr duoc, 1am co sé danh gia tinh chat vat lidu.

22

20
18 .:J.:.

16 T - : - : . T 1
500 700
Nhiét d6 nhiét phan (°C)

CEC (cmolc kg™)
_

Hinh 5. Gid tri CEC cua TSH twr ba mia

Két qua phan tich Hinh 5 cho thay khi nhiét d6 nhiét phan ting thi CEC ctia TSH tir ba mia
cling tang. Gia trj CEC ciia TSH tir bi mia & nhiét d6 nhiét phan 700°C 14 20,12 (cmolc kg ™), cao
hon so Véi gia tri 18,63 (cmolc kg™) khi nhiét phan & nhiét do 500°C. Piéu nay co6 thé giai thich
¢6 1& 1a do sy hién dién cua mirc d6 cao hon cta cac nhém chirc bé mat oxy (chang han nhu
nhom cacboxyl, hydroxyl, phenolic va cacbonyl) dwgc hinh thanh trong qué trinh oxy hoa bé mit
cua than sinh hoc. Cac nhom chirc bé mit bi oxy hoa nay co thé 1am ting lwong dién tich 4m do
do6 co6 kha nang gay ra gia tri CEC cao trong TSH [21], [22].

3.5. Ham luwong cacbon ciia than sinh hoc tir ba mia

40

= T

@ \

3 36

5]

O 34 T - - T 1
500 700

Nhiét d6 nhiét phan (°C)
Hinh 6. Ham luwong cacbon cua TSH tir ba mia
Két qua Hinh 6 cho thay ham luong cachon cia than sinh hoc tir ba mia ting khi tang nhiét do
nhi¢t phan lan lugt 1a 37,53% ¢ 500°C va 38,97% ¢ 700°C. Ham lugng cacbon tang dan theo
nhiét do nhiét phan la do su mat di cia cac chat bay hoi tang 1én theo nhiét o, di€u nay phu hop
Vi cac nghién caru cua Nguyen va Drg [14], Al-Wabel va Drg [15] va Capareda [23].

3.6. Gia tri pH,,. cia than sinh hoc tir bd mia

Diém dién tich bang khong (pHpZC) ¢6 thé dugc dinh nghia 1a pH ma tai d6 bé mat caa chat
hip phu 1a trung tinh, tirc 14, chita ciing mot lugng cac ham bé mat tich dién dwong so véi cac
dién tich am. Theo Tan, X., va Dig [24] khi pH < pHy,c bé mat than mang dién tich duong, qua
trinh hap phu Xay ra theo co ché trao ddi ion chiém wu thé hon so voi co ché hat tinh dién, cu thé
ion H" trong nhom chuc axit (R-COOH), hoac ion Na* trong mudi axit (R- COONa) trén than da
trao ddi ion vai ion NH," theo phan ung sau: RCOOH + NH," — RCOONH," + H" hoic
RCOONa + NH4 — RCOONH," + Na'. Tuy nhién, khi pH > pHp,c. bé mit than mang dién tich
am, qua trinh hip phu xay ra theo co ché hit tinh dién chiém wu thé hon so véi co ché trao ddi
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ion. Hinh 7 cho thay & nong d6 NaCl 0,1M, gia tri pH,, cta than sinh hoc 500°C 1a 8,26 va
700°C 12 9,29.

le'pr
o = N
le'pr
o = N

=

o

[ _\\
[EEN

~

N

o4 I
T 9
i"‘“ -2 5 2
-3 A
_3 u
4 4
pH; 500°C pH; 700°C

Hinh 7. D6 thi xdc dinh PHpyc Ciia TSH ba mia
4. Két luan

Than sinh hoc tir bd mia dwgc nhiét phan ¢ nhiét dd 500°C va 700°C c6 hinh thai ciu tric 15
rdng theo SEM cao hon rat nhiéu so voi nguyén liéu thé ban dau. Nang suit TSH tir bd mia khi
nhiét phan & nhiét d6 500°C 1a 28,19%, cao hon so véi khi nhiét phan ¢ 700°C 1a 21,18%. Gia tri
pH, EC, CEC cua TSH tir bd mia khi nhiét phan & nhiét do nhiét phan 700°C cao hon so véi
500°C. Ham lugng cachon TSH tir ba mia khi nhiét phan & nhiét do 700°C 1a 38,97%, cao hon so
véi khi nhiét phan ¢ 500°C 1a 37,53%. Gia tri pHp,c ¢ nhiét do nhiét phan 500°C 1a 8,26 va 700°C
1a 9,29.
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