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Muc ti€u cua nghién ctru nay la khao sat anh hudng cta nhiét
d6 nhiét phan dén dic tinh hoa 1y caa than sinh hoc tir trdu nham
ung dung trong linh vuc cong nghé sinh hoc méi truong nhu lam
chat mang trong san xuit ché pham vi sinh va vat liéu loc than
thién v&i moi truong trong xtr 1y nudce thai. Sir dung cac phuong
phép phan tich thuong quy, phan tich vat licu (SEM, FTIR, XRD,
BET) dé danh gia tinh chat than sinh hoc tir trdu trong khoang
nhiét phan tir 350 - 650°C. Khbi lugng riéng, pH, EC, kha ning
gilt nudc va dd tro cua than sinh hoc ¢6 xu hudng tang khi nhi¢t
d6 nhiét phan ting trong khi d6 hiéu suit tao than c6 xu hudng
giam manh. Két qua phan tich cho thy than sinh hoc sau khi
nung & 550°C c6 dién tich bé mat riéng 14 42.22m?/g. Thanh phan
nguyén t6 chu yéu la C (10.19%), O (52.74%) va Si (36.16%).
Két qua phan tich phd ké hdng ngoai bién d6i Fourier (FTIR) cho
théy trén bé mat than sinh hoc ton tai lién két O-H (tén sb
3,443.88cm '), —CH3 (tén s6 2,360cm '), -C=0 hodc C=C (tan sb
1,600 - 1,650cm "), diém dién tich khong cta than & pHPZC 6.8.
Gian dd nhiéu xa tia X thay than sinh hoc tir trdu c6 dang carbon
v6 dinh hinh khi nung ¢ 55°C.

ABSTRACT

This study aims to investigate the effects of pyrolysis
temperature ranged from 350 to 650°C on some key
physicochemical properties of rice husk biochar. Based on these
data, biochar production could be optimized for specific
applications in environmental biotechnology, such as carriers for
microorganism immobilization or disposal filter in wastewater
treatment. By using material analysis techniques (SEM, FTIR,
XRD, and BET) as well as conventional methods, rice husk
biochars, pyrolyzed in temperature ranged of 350 - 650°C, have
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been characterized. Particle density, pH, EC, water holding
capacity, and ash content of rice husk biochar tend to increase
while biochar yield decreases sharply when increasing pyrolysis
temperature. Rice husk biochar produced at 550°C was also
determined for specific surface area, elemental composition,
surface functional groups, and material structure. The results
showed that biochar obtained at 550°C had a particular surface
area of around 42.22m?/g. Elemental analysis of rice husk biochar
revealed C (10.19%), O (52.74%), and Si (36.16%) were
dominant than other elements. Using surface functional group
(FTIR) analysis, there existed the O-H group (at frequency
3,443.880m_1), —CH; (2,3600m_1), and either —-C=0 or C=C group
(in the range of frequency 1,600 - 1,650cm™); the studied rice
husk biochar has its point of zero charges at pHpzc 6.8. The XRD
diffractogram has presented the overall structure of rice husk
biochar was amorphous in nature.

1. Giéi thi¢u

Hién nay, than sinh hoc dugc quan tdm nhu mdt loai vat li¢u ré tién, than thién véi méi
truong va hiéu qua xur 1y cao duoc ding dé c¢b dinh chat 6 nhiém trong nudc va dat. Than sinh
hoc dugc xem 13 mot loai vat liéu dung dé hap phu boi vi né c6 nhitng dic tinh hoa 1y bao gdm
kha nang trao ddi cation, c6 nhidu nhom chirc trén bé mat va dién tich bé mit riéng kha 16n
(Ahmad et al., 2014). Than sinh hoc duoc san xuat tir cac loai phé phdm trong néng nghiép nhur
rom ra, trau, xo dira, than cdy ngo, ... dugc nung theo cic phuwong phap nhu nhiét phan, khi hoa
(Lehmann, 2007; Lehmann & Joseph, 2009; Mohanty et al., 2018). Than sinh hoc chtra rat nhiéu
vi tri hap phu linh dong bao gom C—C, C=C, —OH, -COOH, carbon mach vong, va mot sé nhom
chirc chira oxygen khac bién than sinh hoc thanh vat li¢u hép phu da chuc nang (Lehmann &
Joseph, 2009; Hassan et al., 2020). Nhitng nhom chirc nay rat thuan loi cho qué trinh hap phu
cac hop chat 6 nhiém hoa tan trong nuéc nhu ammonia, nitrite va nitrate trong nudc nudi trong
thily san va nuéce thai giau 6 nhiém hitu co.

Than sinh hoc chtra calcium, potassium, phosphorus, va nhﬁng nguyén t6 khac dong vai tro
han ché tac dong clia dat phen gilip cai thién kha nang giir chat dinh dudng, d¢ giit nudc, pH cla
dat, ning suat cua cdy trong. Su tac dong cua than sinh hoc dbi sirc khoe dat va nang suét cay
trong thong qua kich thich hé vi sinh vat dat hoat dong tich cuc dd duoc ghi nhan qua nhiéu
nghién ctru thyc nghiém (Anderson et al., 2011; Lehmann et al., 2011). Trong san xuét than sinh
hoc thi nhiét d6 nhiét phan va ngudn nguyén lidu dau vao 13 mot trong nhitng yéu t6 anh huong
dén tinh chét hoa 1y cta than sinh hoc nhu pH, EC, hi¢u suét tao than, kha nang gilt nudc, carbon
nguyén td, dién thé zeta (Hassan et al., 2020; Xiao, Chen, Zhu, & Schnoor, 2018). Theo mét sb
nghién clru cua cac tac gia trén thé gidi thi nhiét d§ nhi¢t phan anh huong dén su bién ddi cac
nhom cellulose, hemicellulose, lignin va thanh phan vé co cta vat liéu (Clemente, Beauchemin,
Thibault, MacKinnon, & Smith, 2018; Hassan et al., 2020). Hién tai cac cong trinh nghién ctru
vé than sinh hoc ¢ Viét Nam van con kha méi cha yéu 1a cac nghién ciru vé (mg dung than sinh
hoc xu 1y kim loai nang, cdi tao dat nong nghiép (Dang et al., 2017; Nguyen, Nguyen, Mai,
Lehmann, & Joseph, 2014); huéng nghién ctru cua tac gia (Tran, 2016) vé cac dic tinh hoa 1y
cta than sinh hoc tir trau. Tuy nhién, cac nghién ctru vé anh huong cua nhiét do nhiét phan khac
nhau dén tinh chat hoa 1y cua than sinh hoc thi chua nhiéu. Chinh vi vy qua viéc khao sat anh
hudng ctia nhiét d6 nhiét phan dén su thay doi tinh chét hoa 1y caa than sinh hoc tir trdu s& giup
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dua ra nhirng dir liéu thuc nghiém can thiét nham Gng dung vat li¢u ndy cho cac qua trinh xt 1y
nudc va cai tao dat nong nghi¢p moét cach hi€u qua va bén virng.

2. Vat liéu, phwong phap nghién ciru
2.1. Vit liéu nghién ciru

Trau c6 duong kinh hat 02 - 03mm, chiéu dai trung binh 05 - 08mm duoc nung yém khi
trong 10 nhiét phan (Nabertherm model 329634) véi tbc do nang nhiét 1a 10°C/phit, sau khi dat
nhiét d6 can nung thi thoi gian nung giit nhiét trong vong ba gid twong tmg véi cac khoang nhiét
do tir 350°C - 650°C. Mdi loai than sau khi nung s& dugc 1am ngudi trong 16 nung & nhiét do
phong va dugc trir trong tui zipper.

2.2. Phwong phap nghién ciru
Xéc dinh dac tinh hoa ly cta than sinh hoc
2.2.1. Hiéu sudt tao than sinh hoc

Hiéu suit tao than sinh hoc duoc tham khao theo TCVN 5335:2009, cach tinh: H (%) =
(mym,) x 100. Khéi luong triu va than sinh hoc duoc xac dinh bang phuong phap can trong
luong (model B825028899). Trong d6: m 1a khdi luong than sinh hoc sau khi nung (g); m, la
khdi lugng tréu trude khi nung (g). Thi nghiém lip lai ba lan.

2.2.2. Khoi lwong riéng

Str dyung binh ty trong (V}, = 30.68mL, hing Isolab) dé xac dinh khi lugng riéng cia than
sinh hoc theo ASTM D854 - 14: Can va ghi nhan chinh xac khdi lugng binh ty trong khong chira
mau, kho va sach (mp). Can mot lwong than sinh hoc vao binh (khoang ¥ thé tich blnh) can dé
xac dinh khdi lugng binh luc sau (my), vay luong than trong binh 1a m; = my; - my, Tlep tuc dua
nudc cit vao binh sao cho khéng c6 bot khi, ddy nap cho phan nuéc du tran ra, lau kho binh va
can dé xac dinh khoi lugng binh lac nay (my,). Vay lugng nudce trong binh 1a my,, = my, - my. Do
d6 thé tich nudc chiém chd trong binh (c6 than) 1 V,, = my/dgo (khdi luong riéng ctia nudc cat &
nhiét d phong dipo = 0. 99753g/cm ). Xac dinh thé tich than V, = V, - V, (mL); do do khoi
lwong riéng cuia than d, = my/V, (g/cm’). Thi nghiém l3p lai ba lan.

2.2.3. pHva EC

pH va EC (mS/cm) duoc xac dinh bang cach can chinh xac 10g than sinh hoc vao 200mL
nudc cat trong erlen (ti 1& 1:20 v/v), lic trong 20 phut sau do loc chan khong (Inyang et al.,
2012). Mau nudc vira loc dufoc dung vao cdc thuy tinh dé do pH (model B901034544) va do EC
(model 94503055), mdi mau lap lai ba 1an (TCVN 5335:2009).

2.2.4. Do giit nuoc

b9 gitt nudc tham khao theo ASTM D2216. Can chinh xac 10g than sinh hoc vao phin ca
phé va 4n 1én bé mat béng mot vat nang co trong luong 1kPa, 1ap lai ba lan. Cho nuéce tir tir dén
khi thdy nhiing giot nuéc dau tién roi xuéng ddy, nghia 1a lac nay than di bdo hoa nudc. Bao
quan mau 24 gio tai nhiét do phong. Chuan bi dia Petri, can khéi lugng dia va ghi nhén sé liéu.
Can 3g than uét cho vao dia, mdi mau than udt lap lai ba 14an. Ghi nhan chinh xéac lugng than udt
da can, sau d6 dem di sdy 24 gid cho than kho hoan toan. Can dia petri da dugc siy kho va ghi
nhan két qua. Do giit nudc cia than duoc tinh theo cong thirc: WHC (%) = (m, — m;)/m; x 100.
Trong d6: m, = Khéi lwong than u6t (g); m; = Khéi lugng than kho (g).

2.2.5. Bo tro
Do tro duogc xac dinh theo ASTM D 2866-89. it cdc nung trong 10 nung & nhiét d§ 650 +
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25°C trong 01 gid. Pat ce vao binh hit 4m, 1am ngudi bang nhiét do trong phong va can mot
luong d6 chinh x4c 0.1mg. Lam kho mau than d6 ¢ nhiét d6 150 £ 5°C cho dén khi thu duogc mot
trong lwong khong ddi. Can mot luong than kh6 (d6 chinh xac 0. lg) cho vao coe nung va dat coc
nung vao 10 ¢ nhlet d6 650 + 25°C. Dit coe nung vao binh hiit am va dé ngudi bang nhiét do
phong. Sau khi miu vira ngudi trong binh hit 4m, tir tir cho khéng khi vao tranh dé tro bay. Can
lwong do chinh xac gan bang 0.1g.

Cong thirc tinh: Tong ham lu:ong tro (%) = [(D B)/(C-B)] % 100. Trong do B: trong
luong coc nung; C: trong lwong cta ce va miu ban dau; D: trong luong ciia cde va mau hoa tro.
Thi nghiém lap lai ba lan.

2.2.6. Dién tich bé mdt riéng, hinh anh vdt liéu (SEM), phdn tich nhém chive (FTIR)

Than sinh hoc dugc giri phan tich di¢n tich bé mat riéng tai Vién Khoa hoc Vit liéu
TP.HCM, Vién Han 1am Khoa hoc va Cong nghé Viét Nam; hinh anh vat liéu (SEM) va két qua
phan tich nhém chirc bang phuong phép phd hong ngoai (FTIR) dugc giri & Vién Ky thuat nhiét
déi, Vién Han 1am Khoa hoc va Cong nghé Vit Nam.

2.2.7. Thanh phan cdac nguyén té SEM-EDS

Pic diém hinh thai va hoa hoc cta nguyén tir dugc thuc hién béng kinh hién vi dién tu
quét két hop pho tia X phan tan ning luong (SEM-EDS) véi dién 4p gia téc 4,500keV cua Vién
Khoa hoc Vat liéu TP.HCM.

2.2.8. Diém dién tich khong (PZC)

Diém cua dién tich bang khong (PZC) thudng duoc mo ta 1a d6 pH ma tai d6 dién tich
cua téng bé mat hat (tic 1a bé mat cua chat hép thu) béng khong (Railsback, 2006). Gia tri pH
dugc dung dé mé ta diém dién tich khong chi ap dung cho hé H/OH', goi 1a thé ion xac dinh.
Khi pH nh¢ hon gié tri pHpzc, hé duoc goi 1a & dudi pHpzc, khi dy trong dung dich nudc s& cho
ion H" nhidu hon ion hydroxyl OH’, vi vdy bé mit chat hap phu mang dién tich duong, két qua s&
héap phu anion tét hon. Twong tyr, khi pH 16n hon gia tri pHpzc, hé dugc goi 1a & trén pHpyc, khi
ay trong dung dich nudc sé& cho ion hydroxyl OH™ nhiéu hon ion H, vi vay bé mit chat hap phu
mang dién tich am, két qua sé& hap phu cation tot hon. Tham khao theo Kragovié va cong su
(2019), dé xac dinh diém dién tich khong cta than sinh hoc, viéc dau tién 1a chuan bi cic dung
dich co gia tri pH; thay doi tir 02, 04, 06, 07, 08, 10, 12. Cach chuén bi dung dich pH; nhu sau:
Pha 25mL KCI1 0.1M trong 6ng falcon va diéu chinh pH bang HCI 0.1M hoic NaOH 0.1M dé dat
cac gia tri pH; thay doi tir 02, 04, 06, 07, 08, 10, 12. Sau d6 cho 0.5g than sinh hoc* (chat hip
phu cin tim PZC) vao 25mL KC1 0.1M (ti 18 1:50 w/v), lic 250rpm trong 48 gio sau d6 ling va
loc sach huyén phu bang gidy loc, do lai cac gid tri pH twong tng goi 1a pHy. Xéc dinh diém dién
tich khong (PZC) theo cong thitc: ApHkcy 0.1 v = pHy - pH;. Dé kiém tra anh hudng ctia nong do
mudi KC1 dén diém dién tich khong cua than sinh hoc, thuc hién tuong tu véi cach bd tri thi
nghi¢m nhu trén véi dung dich KC1 0.01M, tir d6 tinh ApHkci0.01 M = pHt - pH;.

*Than sinh hoc truéc khi dugc st dung trong thi nghiém xéac dinh diém dién tich khong
(PZC) dugc rira theo quy trinh cua Fidel, Laird, va Spokas (2018). Than sinh hoc sau khi nung &
550°C duoc rira voi dung dich HC1 0.05M véi ti 16 (1:50 w/v) sau d6 lic ¢ toc dd 200rpm trong
24 gid dé trung hoa pH ciia than vi than sau khi nung xong c6 pH cao céc cation bazo va ion
carbonate ting khi nhiét do ting gop phan lam ting pH (Yuan, Xu, & Zhang, 2011). Tiép theo,
dung dich than duoc loc qua gidy loc Whatman. Than sau khi loc s& duoc rira véi dung dich
CaCl, 0.5M véi ti 18 (1:50 w/v) & toc do 200rpm trong 30 phut va sau dé loc qua glay loc, quy
trinh rira véi CaCl, duoc lap lai hai 1an. Tiép theo, than s& duoc rira lai v6i nude cat voi ti 18
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(1:50 w/v), trong 1 gior véi tbe do 200rpm va duge loc qua gidy loc, bude rira nay duoc lip lai
bon lan. Than sau khi xtr 1y dugc dem di say ¢ 65°C trong 72 gio.

2.2.9. Pdc tinh cdu tric cia vt lidu (XRD)

Dic tinh cAu tric cua vat liéu duge xac dinh béng phuong phép nhiéu xa tia X (XRD) voi
birc xa CuKa (A = 1.5405A) trong pham vi goc 15° < 20 < 80°, hoat dong & 30kV va
10mA tai Vién Khoa hoc Vat liéu TP.HCM.

2.3. Phwong phdp xir Iy so ligu

S liéu thi nghiém duoc xir Iy bang Microsoft Excel va phin mém théng ké SAS 9.1 dé
phan tich ANOVA 1 yé€u to, v6i do tin cdy alpha = 0.95.

3. Két qua va théo ludn
3.1. Anh hwong cua nhiét do dén higu sudt tao than sinh hoc

Hiéu sut tao than giam dan khi nhiét d6 nhiét phan ting tir 350°C dén 650°C dugc trinh
bay trong Bang 1. Trong d6, hi¢u suét tao than sinh hoc giam tir 51.75a + 2.52% xuéng con
35.93¢ + 1.02%. Tuy nhién, hiéu suét tao than sinh hoc ¢6 khuynh hudng khong thay d6i nhiéu &
cac khoang nhiét do tir 550 - 650°C khi phan tich phuong sai ANOVA 1 yéu té do c6 cling g1a tri
phan hang. Céc yéu t6 chinh quyét dinh ning suit va tinh chét ciia than sinh hoc 1a tinh chét vat
1y, hoa hoc ctia nguyén liéu va nhiét do xu 1y. Khi ¢ nhiét do thap, sy phan hiy sinh khdi
lignocellulose xay ra va khi nhiét d6 ting thém s& pha v& cau tric cac vat liéu d& bay hoi thanh
cac hop chét hitu co va khi thay vi than sinh hoc; ting cudng cic phan ing mat nudc va lam
giam nang suét tao than (Demirbas & Arin, 2002; Mohan, Pittman, & Steele, 2006). Hi¢u suét
tao than giam khi nhiét d6 nhiét phan ting cia nhém ciing twong ty voi mot sé nghién ctru ctia
cac tac gia (Angin, 2013; Chowdhury, Karim, Ashraf, & Khalid, 2016). Khi nhiét do tang Ién,
ham luong carbon noi chung ting, trong khi ham lugng H va O giam, cho thiy mirc do carbon
hda cuia than sinh hoc tang lén (Chun, Sheng, Chiou, & Xing, 2004). Ham lugng carbon ting
(ting tlr 62.2% dén 92.4%) voi su gia ting nhiét do nhiét phan din dén cau tric carbon c6 dic
hon trong than sinh hoc (Lehmann & Joseph, 2009).

Bang 1

Anh huong cua nhiét o dén hiéu suét tao than sinh hoc

Cac nghiém thirc thi nghiém Hiéu suit tao than (%)

Nghiém thirc 1: Nhiét d6 nung 350°C 51.75a+2.52
Nghiém thirc 2: Nhiét d6 nung 400°C 47.95b+1.73
Nghiém thirc 3: Nhiét do nung 450°C 4441c+1.17
Nghiém thirc 4: Nhiét d6 nung 500°C 39.94d +1.00
Nghiém thirc 5: Nhiét d6 nung 550°C 37.30e +1.23
Nghiém thirc 6: Nhiét do nung 600°C 36.96¢ £+ 0.66
Nghiém thirc 7: Nhiét d6 nung 650°C 35.93e + 1.02
p-value <0.001

CV (%) 3.4446

Ngudn: Tir két qua nghién ctru ciia nhom thyc hién
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3.2. Anh hwéng ciia nhiét @p dén khéi lwong riéng ciia than sinh hoc

Khéi luong riéng cta than sinh hoc tir trdu c6 xu hudng ting theo nhiét do dén 500°C (tir
0.46d + 0.03g/cm’® dén 0.93a + 0.03g/cm’) rdi lai giam xudng 0.77b + 0.01g/cm® & 650°C (p <
0.0001). O nhiét dd 500°C khéi lwong riéng cia than dat cao nhét 1a 0.93a + 0.03g/cm’. Khéi
luong riéng cua than phu thude vao vat li€u ban dau va diéu kién san xuét than sinh hoc. O nhiét
d6 tir 550°C - 650°C khdi lwong riéng giam do trong than lac nay cé chira nhidu cu truc 15 rong
hon (Khanmohammadi, Afyuni, & Mosaddeghi, 2015). Khéi lwong riéng cta than sinh hoc tir
trdu & 550°C 1a 0.81g/cm’, twong tw v6i két qua cia Suryaningsih, Nurhilal, Yuliah, va Salsabila
(2017) 14 0.86g/cm’.

Béang 2

Anh hudéng cia nhiét do dén khéi lugng riéng cua than sinh hoc

Cac nghiém thirc thi nghiém Khéi lwong riéng (g/cm®)
Nghiém thirc 1: Nhiét d6 nung 350°C 0.46d £ 0.03
Nghiém thitc 2: Nhiét do nung 400°C 0.65¢ = 0.08
Nghiém thirc 3: Nhiét do nung 450°C 0.80b + 0.01
Nghiém thirc 4: Nhiét do nung 500°C 0.93a+0.03
Nghiém thirc 5: Nhiét d6 nung 550°C 0.81b+0.03
Nghiém thirc 6: Nhiét 36 nung 600°C 0.72bc £0.12
Nghiém thirc 7: Nhiét d6 nung 650°C 0.776 +0.01
p-value <.0001
CV (%) 8.0130

Ngudn: Tir két qua nghién ctru ctia nhom thyc hién

3.3. Anh hwéng ciia nhiét d¢ dén pH va EC ciia than sinh hoc

Két qua cho thay gia tri pH, EC ciing ting theo nhiét d6 nhiét phan twong tGng tir 7.80f +
0.00 dén 10.10a + 0.10 ddi véi pH va 0.15g + 0.00mS/cm dén 0.52a + 0.0lmS/cm déi véi EC.
Tuy nhién & nhiét d6 600°C va 650°C khong c6 khac biét co ¥ nghia thong ké dbi voi gia tri pH
(p < .0001) va EC tai nhiét d6 650°C c6 gia tri cao nhit 0.52a + 0.01mS/cm. Gia tri pH va EC
ctia than sinh hoc tir trAu khéa cao khi & nhiét do cao 1a do trong thanh phﬁn than xut hién nhiéu
nguyén td nhu Ca, K, Mg c6 tinh kiém (Gaskin, Steiner, Harris, Da, & Bibens, 2008). Bén canh
d6, cac nhom chirc mang tinh acid bi mét di cung véi cac hop chét dé bay hoi khi ¢ nhiét d6 cao
va ham luogng céc cation mang tinh base ciing nhu ion carbonate ting khi nhiét d¢ ting gop phan
lam gid tri pH cua than sinh hoc tang cao sau qua trinh nhi¢t phan (Novak et al., 2009; Yuan et
al., 2011). Ngoai ra, du6i anh hudng ctua nhiét 4o, ham lugng Ca c6 trong triu duoc chuyén hoa,
dé phong thich dang ion Ca®" va céac ion khac lam gia tri EC cao (Huang, Yucheng, & Whu,
2010).
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Bang 3

Anh huong cua nhiét do dén pH va EC cua than sinh hoc

Nghiém thirc pH EC (mS/cm)
Nghiém thirc 1: Nhiét do6 nung 350°C 7.80f £ 0.00 0.15g +0.00
Nghiém thirc 2: Nhiét do6 nung 400°C 8.13e £0.10 0.20f+0.01
Nghiém thirc 3: Nhiét do6 nung 450°C 8.40d + 0.00 0.25¢ +0.02
Nghiém thirc 4: Nhiét do6 nung 500°C 8.83¢£0.10 0.28d + 0.01
Nghiém thirc 5: Nhiét do nung 550°C 9.60b £ 0.00 0.34c +0.01
Nghiém thirc 6: Nhiét d6 nung 600°C 10.03a £ 0.00 0.42b +0.01
Nghiém thirc 7: Nhiét d6 nung 650°C 10.10a £ 0.10 0.52a +0.01
p-value <.0001 <.0001
CV (%) 0.5949 3.0921

Ngudn: Tir két qua nghién ctru ciia nhom thuc hién

3.4. Anh hwéng ciia nhiét dp dén kha néing gii nwéc ciia than sinh hoc

Khi nhiét d6 nhiét phan ting thi kha ning giit nudc c6 khuynh hudng ting dang ké tir
72.85¢ + 21.41% dén 393.06a + 36.69% & nhiét d6 350°C - 550°C, boi vi khi nhiét d nhiét phan
cao din dén tong dién tich trén bé mat than sinh hoc cang thap cing lac v6i dién tich bé mat
riéng ngay cang ting va pH, do tro ciing ting cao dan dén kha ning giit nuéc cang cao (Lima,
Boateng, & Klasson, 2010); tuy nhién tir 500 - 650°C thi két qua xur 1y théng ké cho thay kha
ning giit nudc cua than khong thay doi nhicu. Diéu nay c6 thé giai thich vi & ngudng nhiét do
nay thi cdc hop chét hitu co da bay hoi, con nhitng nguyén t6 kho bay hoi (nhur cdc nhom kim
loai kiém tho) thi vAn chua dat ngudng bay hoi, cho nén khong tao ra nhi¢u khong gian 15 rong
dé giup ting cudng kha nang gitr nudc. Két qua do giir nude cua than sinh hoc duoc thé hién
trong Bang 4, ta co thé théy réng dd gilt nude cua than sinh hoc dugc nung ¢ 550°C 1a cao nhat,
dat 393.06%. So sanh két qua thuc nghiém vé do giir nuge cua nhom nghién ctru cao hon nhiéu
so v&i nghién cuu cua (Duong et al., 2017) khi nung trdu ¢ 550°C khoang 302.89%, trong bai
béo nay ciing giai thich do mat do ctia triu cao nén co thé giit dugc sy bdc hoi nudc.

Bang 4

Anh huéng ciia nhiét d6 dén kha nang giit nuéc cua than sinh hoc

Cac nghiém thirc thi nghiém
Nghiém thirc 1: Nhiét do6 nung 350°C
Nghiém thirc 2: Nhiét do nung 400°C
Nghiém thirc 3: Nhiét do nung 450°C
Nghiém thirc 4: Nhiét do6 nung 500°C
Nghiém thirc 5: Nhiét do nung 550°C
Nghiém thirc 6: Nhiét do nung 600°C

Kha nang giir nwéc (%)
72.85e +21.41
243.56d £ 41. 40
312.16¢c +27.70
369.33ab + 10.47
393.06a £ 36.69
351.72b £ 25.67

Nghiém thuc 7: Nhiét d6 nung 650°C 357.43b + 30.93
p-value <.0001
CV (%) 9.7115

Ngudn: Tir két qua nghién ctru cia nhom thyc hién
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3.5. Anh hwéng ciia nhiét d¢ dén dé tro ciia than sinh hoc

Khi nhiét d nung tang thi d¢ tro ctia than sinh hoc cling tang tuong tmg tir 29.88g + 0.29%
(6 nhiét d6 350°C) dén 42.49a = 0.12% (& nhiét ¢ 600°C). Vi trau chira ham luong silica rat 1on
nén khi nung ¢ nhiét d§ cang cao thi sinh ra ham lugng tro trong than sinh hoc cang cao (Mukome,
Zhang, Silva, & Six, 2013). Mat khac, theo tac gia Angin (2013) thi do tro phan anh muc dd cé
mit ctia cac hop chét khong bay hoi va khong chay trong than sinh hoc. Khi nhiét d nung tang thi
ham luong carbon va chit vé co cao hon trong khi ham lwong thanh phan chat dé bay hoi giam
dang ké dan dén nhiét do nhiét phan cang ting thi do tro cang 16n. So sanh két qua nghién ctru ctia
tac gia Prakongkep, Gilkes, Wiriyakitnateekul, Duangchan, va Darunsontaya (2013) vé do tro
trung binh ciia trau dat 44% ciing kha tuong déng véi két qua nghién ciru ctia nhom.

Bang 5

Anh hudng ctia nhiét d6 dén d6 tro cta than sinh hoc

Cac nghiém thire thi nghiém Do tro (%)

Nghiém thire 1: Nhiét d6 nung 350°C 29.88g +0.29
Nghiém thire 2: Nhiét d6 nung 400°C 31,18+ 0.44
Nghiém thirc 3: Nhiét do6 nung 450°C 34.75¢ £ 0.03
Nghiém thirc 4: Nhiét d6 nung 500°C 35.21d £ 0.14
Nghiém thirc 5: Nhiét do6 nung 550°C 37.64¢c £ 0.07
Nghiém thirc 6: Nhiét d6 nung 600°C 42.49a+0.12
Nghiém thirc 7: Nhiét d6 nung 650°C 41.66b + 0.04
p-value <.0001

CV (%) 0.5922

Ngudn: Tir két qua nghién ctru ctia nhom thyc hién

3.6. Ddc tinh vt Iy va héa hoc ciia than sinh hoc tiv triu ¢ 550°C

Qua cic thi nghiém vé hiéu suit tao than, khéi luong rleng, do gitr nudc, pH, EC cua than
sinh hoc dugc nung o bay ché do nhiét khic nhau, nhan thiy rang than sinh hoc tai nhiét do
550°C ¢6 hiéu suit tao than va do giit nudc tt, dong thoi day cling 1a ngudng nhiét do phd bién
khi san xuét than sinh hoc trong thuc té nhu theo nghién ctru ciia Lehmann va Joseph (2009) thi
cac loai phé phu phdm nong nghiép khi nung ¢ 550°C thuong cé tinh chat héa 1y kha t6t trong
qué trinh giit chat 6 nhiém nén nhom nghién ctru s& danh gia cac chi tiéu cua than sinh hoc &
ngudng nhiét d6 nay dé cung cp thong tin vat liéu duoc day du.

Ngoai ra, than sinh hoc dung lam vét li¢u loc can c6 khbi luong riéng 16n dé dam bao
khéi lwong vat liéu trén mot don vi thé tich s& 1on, dam bao kha ning hip phu chit 6 nhidm duoc
cao hon. Vi vdy, nhém nghién ctru da tién hanh phan tich mot s chi tiéu hoa 1y trong trong than
sinh hoc tir trdu & 550°C duoc trinh bay trong Bang 6, trong d6 ham lwong carbon nguyén tb dat
56.4%, ham luong téng nitrogen dat 0.87%, ham luong K,O va P,Os dé tiéu dat 1.15% va
0.054% diéu nay chimg té than sinh hoc tir triu sau qué trinh carbon héa van con ham luong
dinh dudng tir d6 tao diéu kién cho viéc ¢b dinh vi sinh vat trén mach than va cai tao dat néng
nghiép. Ngoai ra, nhém ciing di tién hanh x4c dinh cac thong sé vat 1y va hoa hoc phirc tap nhu
dién tich bé mat riéng, nhém chure va cAu trac 18 cua vat liéu than sinh hoc, chyup XRD dé co giai
thich ki vé co ché hap phu chat 6 nhidm cta than sinh hoc.
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Bing 6
Két qua phan tich mot s6 chi tiéu hoa 1y cua than sinh hoc tir triu
STT Chi tiéu Pon vi Két qua Phwong phap thir
1 Do am % 0 TCVN 9297:2012
| (Say 6 105°C)
L 56'4A x 2 TOC-V Analyzer
2 C %o (K&t qua tinh trén mau say User’s Manual
kho 105°C)
3 Tong N % 0.87 TCVN 8557:2010
4 K,0 hiru hi¢u % 1.15 TCVN 8560:2010
5 P,0s hitu hi¢u % 0.054 TCVN 8559:2010
6 Calci (Ca) mg/kg 2491 TCVN 9284:2012
7 Magnesium (Mg) mg/kg 557 TCVN 9285:2012
8 Pong (Cu) mg/kg 10.7 TCVN 9286: 2012
9 Sit (Fe) mg/kg 817 TCVN 9283:2012
10 K&m (Zn) mg/kg 61.0 TCVN 9289:2012
11 Manganese (Mn) mg/kg 173 TCVN 9288:2012
12 Si0O, % 25.8 TCVN 5815:2001

Ngudn: Tir két qua nghién ctru ciia nhom thuc hién

3.6.1. Dién tich bé mat than sinh hoc tir trdu

Két qua xac dinh dién tich bé mat riéng cua cua than sinh hoc tur triu 1a 42.22m?/ g trong
khoang ap suat twong d6i p/po tir 0.008 dén 0.358; twong tng vdi thé tich hap phu tir 5.99cm’/g
dén 14. 72cm3/g Dién tich bé mit hép phu va giai hip phu N, tdi da dat 61.13m?/g va 29.1 lm*/g.
Kich thudc 16 rong hap phu va giai hap phu trung binh dat 0.23nm va 0.12nm c6 duorng kinh nho
hon 02nm nén dugc xép vao kich thuéng 16 micropore hay con goi va kich thuée 16 vi mao quin
rat thich hop cho qué trinh hap phu. Theo Claoston, Samsuri, Husni, vd Amran (2014) than sinh
hoc tir trau khi dugc nhiét phan & 500°C va bién tinh thi dat &én 230.91m?/g. Trong mot nghién
ctru khéc, than sinh hoc dugc tao ra bang phuong phap nhiét phan cham ¢ 500°C trong 04 gio dat
12.2m?/g (Wang et al., 2013). Didu nay cho thiy dién tich bé mit riéng cua than sinh hoc phu
thudc rat nhiéu vao phuong phép san xuét va hau xir 1.

3.6.2. Thanh phan nguyén t6 cua than sinh hoc tir tru

Két qua vé thanh phan nguyén té va ti 1¢ phan tram vé khéi luong cia than sinh hoc tir
trau dugc xac dinh théng qua phuong phap tan xa niang lugng tia X (SEM—EDS) nhu sau: ham
luong C (10.19%), O (52.74%), Al (0.38%), Si (36.16%) va K (0.53%) tmg véi nhiét 46 nung 1a
550°C. Nghién ctru ciia Armynah, Atika, Djafar, Piarah, va Tahir (2018) cho thiy cac thanh phan
nguyén td chinh cta than sinh hoc tir trAu & cac nhiét do nung khac nhau thi khac nhau cu thé 1a
& nhiét do 250°C thi C (22.33%), O (41.22%), Na (0.04%), Mg (0.04%), Al (0.41%), Si (35.8%),
K (0.15%), Ca (0.01%); & nhiét d6 350°C c6 C (7.72%), O (48.79%), Na (0.05%), Mg (0.14%),
Al (0.25%), Si (42.4%), K (0.54%), Ca (0.11%) va 450°C 1a C (6.15%), O (49.04%), Mg
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(0.23%), Al (0.47%), Si (42.14%), K (1.65%), Ca (0.33%). Dua vao nghién ctru cua tac gid nhan
thay khi nhiét d¢ nhiét phan tang thi ham lugng C giam trong khi do thanh phan O va nhom vi
luong tang. Nhu vay, ¢ cac nhiét d0 nung khac nhau thi thanh phan nguyén t6 cling khéc nhau.

ull Scale 4563 cis Cursor; 0.000

20um Elactran lmage 1

Hinh 1. L5 Xép cua vat liéu Hinh 2. Gian do tan xa nang lugng tia X
(SEM-EDS) ctia than sinh hoc tir trau ¢ 550°C

3.6.3. Cdu triic bé mdt ciia than sinh hoc tir trau

Than sinh hoc tir trdu duoc chup bang kinh hién vi dién tir quét phat xa trudng (SEM) co
d6 phong dai 1an luot 13 500, 1,000 va 3,000 lan, véi 6ng phat dién tir truong phat xa 1am viée &
05kV, khoang cach lam viéc WD 08mm.

Anh bé mit bén trong va bén ngoai vat li¢u cho théy than sinh hoc c6 dang 16 rong, xép,
chira nhiéu vi 18 kich thude tir 0.12 - 0.23nm, diéu nay rat c6 loi cho qua trinh hip phu gitp than
sinh hoc ¢ thé giir duwgc nhiéu chit 6 nhiém hon trong cac 16 rong.
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3.6.4. Xac dinh nhém chirc trén bé mat than sinh hoc tir tru bcfngphé FTIR

Két qua phan tich cho thdy trén bé mit than sinh hoc ton tai lién két O-H (tan sb
3,443.88cm '), —CH; (tin sb 2,360cm '), —C=0 hodc C=C (tin s 1,600 - 1,650cm™"). Peak tai
tan s6 1,456cm ' 1a didc trung cho nhém —COOH thudng thdy do qua trinh phan tng ctia nhom
OH’ va nhém C=0. Trong db thi xuét hién Vl‘mg peak a (bao gdm cac peak tai tin sb 1,098cm ™
va 795cm ') 1a cac peak dic trung cho ion CO5* (Regnier, Lasaga, Berner, Han, & Zilm, 1994).
Theo nghién curu cua tac gia Armynah va cong su (2018) cho thay & cac nhiét d6 nung khac nhau
thi sy phan bd cac nhém chire cia than sinh hoc tir triu ciing khac nhau cu thé: ¢ peak 3,452cm’™
la nhom O-H kéo dai dac trung cho nudc ¢ trong bé mat vat liéu hoac khoang chit khéac ¢o
ngudn gdc tir nhom hydroxyl. Cudng d6 peak hydroxyl giam dan khi nhiét d6 ting tir 350°C dén
450°C diéu nay c6 thé 1a do nguyén tir hydrogen va oxygen trong lién két hydroxyl bi dit gay.
Nhom vong thom tir lignin tao ra C=C kéo dai khong ddi xing ¢ 1,612cm™ twong Gmg véi lién
két cuia cac nguyén tir carbon. Lién két ubn C—H ¢ 872cm™ giam va tao ra CH, duéi dang khi c6
nhiét do ting tir 250°C dén 450°C. Viéc phan tich FTIR s& xac dinh duoc cac nhom chiic khac
nhau trén bé mit than sinh hoc khac nhau tir 46 lya chon loai than sinh hoc c¢6 kha nang hap phu
duoc cac chat doc hai nhu ammonia, nitrite, nitrate, thude trir sau, khéang sinh, kim loai ndng. Tt
d6 s& hd trg qua trinh phan giai sinh hoc nhd hé vi sinh vat khi dugc ¢ dinh trén than trong céac
ung dung xtr 1y nudce thai.
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Hinh 4. Két qua phén tich nhom chirc trén bé mit than sinh hoc tir trdu bang
phuong phép pho hong ngoai FTIR

3.6.5. Diém dién tich khong cua than sinh hoc tw trdu

Piém dién tich khong (PZC) di vi mot bé mat khoang vat 1a gia tri pH tai d6 vat lidu co
dién tich trung hoa toan phan. Vi thé, muc dich xac dinh diém pHpzc trong nghién ciru niy nham
phuc vu cho viéc giai thich cach thirc hip phu céac ion trong méi truong nudc khi twong tac véi
than sinh hoc nhu 1a vat liéu hép phu. Thi nghiém xac dinh diém dién tich khong cua than sinh
hoc tur triu nung ¢ 550°C cho théy gia tri pHpzc cua than sinh hoc 12 6.8.

Dbi voi nén 1a KC1 0.1M thi & pH 6.8 ta c6 ApHpzcker o.im = 0.07 trong khi d6 nén KCI
0.01M thi ApHpzckci0.0im = 0.04. Do d6 pHpzc cta than sinh hoc véi cung mot loai mudi it phu
thudc vao néng do cia mudi d6. Nhu vay, pH thuc té cuia than sinh hoc tir trdu sau khi duoc xir
1y theo Fidel va cong sy (2018) dat gia tri 6.11 = 0.09 < pHpzc 6.8 nén bé mit cua than sinh hoc
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(chat hap phu) mang dién tich dwong, kha ning hp phu tot cac anion trong méi truong,

Hinh 5. D) thi xac
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Hinh 6. D) thi x4c dinh diém dién tich khéng (PZC) ciia than sinh hoc tir tru & pH tir 06 - 07

3.6.6. Pdc tinh cdu triic ciia vt liéu (XRD)

Gian d6 nhiéu xa tia X (XRD) ciia than sinh hoc tir trdu & Hinh 7 cho thay than sinh hoc
c6 dang carbon vd dinh hinh do c6 dinh rong & goc 20 = 22° va khong xac dinh dugc dinh peak
khoang do chua hinh thanh pha két tinh. Két qua nay ciing twong tuy véi nghién ctru cia tac gia
Tran (2016) cho thay than sinh hoc tir trau ciing 1a dang carbon vé dinh hinh do ¢é dinh rong &
goc 20 = 10° va tac gia Armynah va cong sy (2018) c6 than sinh hoc tir trdu nung & nhiét do

250°C va 350°C ciing 1a dang carbon v6 dinh hinh & 20 = 22°.
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Hinh 7. Gian do nhiéu xa tia X (XRD) cua than sinh hoc tu trdu & nhiét d6 550°C
4. Két ludn

Tinh chat vat 1y va hoa hoc cta than sinh hoc tir trdu & cac nhiét do nung khac nhau thi
khong gidng nhau cy thé 13 higu suét tao than giam déng ké tir 51.75% xubng con 35.93% & nhiét
d6 tir 350°C dén 650°C; khdi luong riéng c6 xu hudng ting theo nhiét do dén 500°C (dat cao
nhét 1a 0.93g/cm’); gia tri pH va EC tang dan theo nhiét do nhiét phan tuong tng tir 7.8 dén
10.10 (dbi v&i pH) va 0.15 dén; 0.52mS/cm (d6i voi EC); kha ning gitr nude cia than sinh hoc &
550°C 1a cao nhat dat 393.06% (w/w) va ¢ nhiét d cang cao thi d§ tro cang l6n trung binh tur
29.88% (& 350°C) dén 42.49% (¢ 600°C). Riéng ddi voi than sinh hoc nung & 550°C, két qua cho
thdy dién tich bé mat riéng dat 42.22m%/g; vat liéu c6 cu tric rdng, xop voi kich thude nho tir
0.12 - 0.23nm; nhém chue dac trung C=C va O-H; diém dién tich khong tai pH 6.8 va tur phé
XRD cho thiy than c¢6 dang carbon v6 dinh hinh. Tir két qua thyc nghiém vé nhiing dic tinh ciia
than sinh hoc tir trdu s& huéng dén Gmg dung than sinh hoc trong xir Iy méi trudng nhu lam vat
liéu loc hap phu chit 6 nhiém, cai tao dat nong nghiép thong qua kha ning giit nudc tot va cb
dinh vi sinh vat.
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