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T6m tat. Trong nghién ctiu, phé pham vo ca phé duoc nhiét hda yém khi tai nhiét do 450°C, thoi gian 40
phdt dé tong hop than sinh hoc, ky higu 1a BCC. Mau BCC sau d6 dugc dinh tinh hinh thai va cau tric bé
mit bang cac phuong phap phén tich nhur 12 kinh hién vi dién tir quét (SEM), nhiu xa tia X (XRD), quang
phd hdng ngoai bién doi Fourier (FTIR), Brunauer-Emmett-Teller (BET). Két qua dinh tinh cho thay cu
trdc bé mit cua BCC & dang phang xép chong 1én nhau, chira nhiéu hong héc, kich thude hat phiang la
10um duoc do dac boi SEM. Dién tich bé mat riéng cua BCC dugc tinh toan 1a 2.77 m¥g do boi phan tich
BET. Cau tric trén BCC ton tai cac lién két ciia nhom dao dong nhu 1a O-H, C=C, C-O, va carbon graphite
tinh thé duoc phan tich bang phuong phap lan luot FTIR va XRD. Trong tng dung lam chét cai tao dét,
BCC duoc sir dung 1a chat nén dé hap phu dinh dudng hitu co sir dung l1am phan bon va khao nghiém truc
tiép trén cay cai xanh. Két qua khao nghiém cho thiy, cai xanh duoc bon phan hiru co phét trién tét hon so
v6i mau khong bon. Ngoai ra, BCC ciing dugc tng dung lam chat hip phu ion chi (Pb%*) trong dat, cho két
qua kha nang hap phu téi vu 1a 23.86 mg PbZ*/gBCC. Dya trén nhitng két qua tng dung, than sinh hoc duoc
tong hop tir vo ca phé dap wng tiéu chuan 1am chét cai tao dat ndng nghiép & Viét Nam.

Tir khoa: Than sinh hoc, phan bon hiru co, phé pham vo ca phé, chit cai tao dat

1. GIOI THIEU

Ddi méi phuong thire canh tac theo huéng ndng nghiép hiru co 1 hudng di can thiét cua cac nude dang
phat trién nhu Viét Nam. Hién tai, 1a mot trong nhitng nén kinh té ning dong ciia cac nudc trong khu vuc
Pong A, kinh té cua cua Viét Nam phan anh manh mé san xuét trong nuéc va dinh hudng xuit khau cac
san pham trong nong nghiép nhu luong thyc, thuc pham, cdy an qua theo phuong thiic canh tac hitu co.
Tuy nhién, mot thuc trang noi bat véi Viét Nam la su suy thodi dat lan rong & cac khu vuc canh tac nong
nghiép, doi hoi phai sir dung dat bén virg hon [1]. Vi vay, nén néng nghiép hiru co & Viét Nam can thiét
phai thay d6i phuong thirc canh tac, cu thé nhu str dung phan bén hitu co thay thé dan cho phan bén hoa
hoc, han ché sir dung thudc bao vé thuc vat, ting ham lugng carbon tu do trong dat dé can bang ti 1 hiru

o0... bay chinh la 1y do ma chiing t6i dang thyc hién trong nghién ctu.

Ca phé 1a mot trong nhitng do ubng phd bién trén thé gisi, mac tiéu thu cia n6 dang ting 1én hang nam.
Viéc ndy da tao ra mot luong 16n vo ca phé thai bo (phé pham) trong qua trinh thu hoach va ché bién. Luong
phé pham dang tang theo ty 1& véi mic tiéu thu ca phé. Theo woc tinh ¢ Viét Nam, hang nam c6 khoang
300.000 tin vo ca phé, luong phé phim nay thudng duoc xir Iy bang céch thai bo truc tiép & cac nha méay
ché bién hodc thai bo tai cac bai chon Iap, gay ra & nhidm tryuc tiép téi méi truong [2, 3]. Ngoai ra, trong
thanh phén c4u tric cua vo ca phé co ty 1 C/N cao, bao gom lignocellulose co chira hemicellulose va cac
hop chat hda hoc khac, nhiing thanh phan nay truc tiép gay 6 nhiém dat khi thai bo, gay anh huéng téi moi
truong xa thai [4]. Vi vay, doi hoi ching can phai duoc xu Iy truge khi thai ra moi truong, muc tiéu cua
nghién ctru nay nham tim ra mot giai phéap trong xtr ly 6 nhidm chat thai ran ma cu thé 1 vo ca phé.

Than sinh hoc (biochar) dugc biét 1a mot san pham giau carbon duoc tao ra tir qué trinh nhiét Jphan cac
sinh khéi (blomass) trong diéu kién thiéu hut oxy [5]. Trong tng dung, biochar duoc st dung nhiéu dé lam
chat hap phu vi ¢6 nhiéu dic tinh héa ly cho kha ning hap phu hiéu qua. Trén cu trdc bé mat biochar cé
t6n tai ciia nhiéu nhém chirc mang ai luc khac nhau, méi nhém chirc dong vai tro 1a cac tdm hap phy lam
cho biochar ¢4 kha nang hap phu hiéu qua dé loai bé céc chat 6 nhidm nhu kim loai nang [6], chat mau hitu
co [7] trong dat, nugc va khi thai.

San pham phan bon hitu co dang ran hoac long, duoc san Xuét dya trén qua trinh ché bién céc loai phé
pham co ngu0n gdc tir thyc vat hay dong vat, dé tao ra dinh dudng Nito (N), Phét pho (P), Kali (K) cung
cip cho cay trong [8-11]. Phan bon hitu co dang 1a xu huéng phat trién bén vitng ¢ Viét Nam hién nay,
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viéc sir dung phén hiru co dugc khuyén khich khong chi dé cai tao dat trong ma con lam tang cuong dinh
dudng hitu co do su dung qua nhiéu phan bén hoa hoc [12-16]. Ngoai ra, do diéu kién khi hau, tan suat
mua 16n hoic ndng ndng cao sé lam raa troi hodc boc hoi dinh dudng theo dong nudce tudi, két qua la hi¢u
qua sir dung phan bon cho cay trong s& giam [17], trong khi sir dung phan bén hitu co s& han ché dugc diéu
nay. Mat khac, theo két qua phan tich thanh phan ham luong c6 trong vo ca phé gom: hiru co 42,1%, 2,5%
N20, 0,23% P05, 15% K;03, CaO 0,35%, MgO 1,49%, Iuu huynh (S) 0,67% [18-21], diy la nhitng thanh
phan dinh dudng can thiét cho cy trong. Do d6, viéc ung dung vo ca phé dé ché bién thanh phan bon hitu
co s& thuan loi va can thiét trong hién tai.

Nhiéu bao céo trudc day [22-24] cho thiy, biochar duoc sir dung dé cai tao dat, bai vi khi bon biochar
vao dat, ching cai thién dugc cac dac tinh hoa ly chang han nhu lam tiang kha nang giir va cung cip chat
dinh dudng, giit 4m, ting d6 phi nhiéu cua dit, két qua 1a 1am ting ning suit cy trong [25]. Hon nita, do
dic tinh cAu trac vong thom va cac nhom chire mang i luc 6 trong cau triic, biochar duoc xem la chat hap
phu hiéu qua ddi véi ca chat 6 nhiém hitu co va vo co [26] nhu 1a nhitng kim loai ning c6 san trong dat.
Trong do, néng d6 kim loai nhu chi (Pb) c6 thé gay ra rui ro lau dai cho hé sinh thai lién quan dén viéc
chuyen hoa tir dat ra moi truong, két qua 12 gay 6 nhiém mit nudc ngam hogc gay bénh tat khi cac sinh vt
song xung quanh hé sinh thai nhiém chi [27, 28]. O Viét Nam, Vén dé 6 nhiém chi trong dat 1a nghiém
trong khi phét trién cong nong nghiép, dac biét tai cac thanh pho I6n va cac lang nghé tai ché kim loai [29],
lam ting d4ng ké luong chi trong dat. Sy & nhiém cua chi dn dén sy tich ty ham luong ngay cang nhiéu, Ii
do kim vi chi khdng thé tu phan hiy trong dat, ching khuéch tan sinh hoc theo chudi dinh dudng trong
moéi trudng 6 nhiém, gy bénh tat sirc khoé con ngudi va dong vat khi tiéu thy loai dinh dudng nay [30].

Tir dit lidu da trinh by, muc tiéu trong nghién ctu, chiing t6i tan dung nguon vo ca phé dé ché tao thanh
biochar, ky hi¢u BCC. Ung dung BCC sau d6 1am chét cai tao dat thdng qua 2 cach tlep can: (1) nén BCC
duoc phéi tron voi dinh dudng hiru co s dung lam phan bon, khao nghiém truc tiép trén cay rau cai; (2)
BCC tng dung lam chét hip phu ion chi cé trong dat quy mo phong thi nghiém. Thong qua nghién cuu,
ching t6i nham huéng toi vira dua ra duoc gidi phap xu ly phé pham vo ca phé dé tao ra phan bon hiru co
gop phan vao thay doi phuong thirc canh tac trong ndng nghiép, vira khir bé duoc su 6 nhiém chi trong dat
nham bao vé ngudn dét trdng néng nghiép & Viét Nam.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Mau phé pham vo ca phé dugc Iy tir co so ché bién ca phé ¢ céc viing cao Tay Nguyén. Mau sau khi
thu gom dugc so ché bang cach lam sach va say khé.

2.2. Phwong phap nghién ciru

Mau vo ca phé sau khi dugc so ché. Mau duoc ché tao thanh biochar va san pham cai tao dét, quy
trinh thyc hién duoc trinh bay & hinh 1,
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Hinh 1. Quy trinh téng hop BCC tir vo ca phé wng dung 1am chat cai tao dat

Quan sat quy trinh & hinh 1, mau vo ca phé sau khi 1am sach duoc can khéi lugng, nung yém khi & nhiét
d6 450 °C trong 1 gid, dé ngudi va nghién dén kich thudc hat trung binh 1mm s& thu dugc BCC. O day sau
d6, mau BCC thu dugc, mot phan dugc tng dung 1am chat hap phu ion chi trong dit. M6t phan tiép tuc
dugc phéi tron véi ham lugng dinh dudng hiru co dang long theo ti 18 1:1, mau duogc say tai nhiét do 60 °C
trong thoi gian 15 phdt, thu dugc mau phan bon hitu co va duoc phan tich dé xac dinh céc chi tiéu dinh
dudng hitu co trong phan bon. Tiép theo, mau phan bon dugc trong khao nghiém bing cach sir dung chau
d4t bén phan hitu co va mot chau khdng bén phan dé so sanh.

Trong nghién ctru ndy, cac dic tinh bé mat cua mau BCC va mau phan bon hiru co duge xac dinh bang
cac phuong phap phan tich hién dai nhu: XRD, FTIR, SEM, BET. Ngoai ra, trong nghién ctu tng dung
BCC xtt ly ion chi trong dat. Chuing toi str dung phuong phap chiét tric quang (UV-VIS) caa Pb*2 véi phirc
chét dithizone trong moi truong kiém, phirc nay c6 mau do hong, mat d6 quang duoc do & budc song 550
nm dé tinh toan ndng do sau khi hap phu ion chi. Kha nang hip phu [31, 32] ion chi dugc &p dung theo
phuong trinh (1),

_ (Co — Ce)'v
Q. = M 1)
mau

Trong d6, ge 12 kha niang hip phu, don vi (mg/g); Co 1a ndng d6 ban dau cua ion chi, don vi (mg/L); Ce
1a ndng do ion chi sau khi bi hap phuy, don vi (Mg/L); Mmay 12 khdi lugng ctia BCC, don vi (g); V 14 thé tich
dung dich ion chi, don vi (mL).

3. KET QUA VA THAO LUAN
3.1. Két qua do FTIR ciia miu BCC va miu phén bén hiru co

Cac dac tinh lién két trong cAu trac ctia BCC va phéan bon sau khi téng hop, duoc do dac bang phuong
phép FTIR, cho két qua pho tai hinh 2,
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Hinh 2. Phé FTIR cia BCC (a) v mau phan bén (b)

Quan sat két qua FTIR ¢ hinh 2(a) tim thiy dic tinh cau trdc cua BCC bao gom: nhém OH lién két &
tan sb dao dong 3633 cm'?, lién két C=N dao dong tai 2314 cm'?, lién két C=0 cua este tai dao dong 1563
cmt, vong thom CO lién két tai dao dong 1394 cm™. Twong tu, quan sat két qua FTIR ciia mau phan bon
& hinh 2(b) cho két qua cac nhom lién két nhu & hinh 2(a), tuy nhién, cac peak xuat hién trén mau phan bon
c6 sy thay ddi vé& d6 rong va ¢6 manh hon, ching to mau phan bén c6 day dic hon cac nhom lién két sau
khi phdi tron thém dinh dudng hitu co. Dac biét, trén mau phan bon xuat hién lién két caa nhém N-H tai
tan s6 dao dong ¢ 3342 cm't, nhém lién két quartz-SiO, tai tan sé dao dong 1038-1077 cm'?, diéu nay cho
thy rang su cac dinh dudng hiru co da duoc phéi tron vao BCC. Céc dit liéu phan tich FTIR thé hién nhém
dao dong lién két trén mau BCC va mau phan bén cho két qua tring khép véi mau FTIR chuan [33], chiing
t6 két qua phan tich trong nghién ctru nay 1a phu hop.

3.2. Két phan tich XRD ciia BCC va miu phan bén

Thanh phﬁr} va ciu trac tinh thé c6 trong mau BCC va phan bon dugc do dac bang phuong phap phan
tich XRD cho két qua phd ¢ hinh 3,
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Hinh 3. Ph6 XRD caia mau phan bén (a) va mau BCC (b)

Quan sat két qua phé XRD cua BCC ¢ hinh 3(b) thay ring BCC c6 ciu triic dang carbon v6 dinh hinh,
khong xac dinh duoc dinh do chura hinh thanh pha tinh thé, ly do 1a vi nhiét d nhiét hda caa BCC con thap
(nhiét @o nhiét hoa < 760 °C). Trong khi, két qua phd XRD ciia mau phan bon & hinh 3(a) xuét hién dinh
nhidu xa tai 20 = 28° la cua tinh thé carbon graphite, 20 = 41°la cua tinh thé Ca0, 20 = 50° cua tinh thé
Ca(OH)a, diéu nay c6 thé néi rang mau phan bén da dugc téng hop thanh cong trén nén BCC. Két qua phan
tich XRD trong nghién cuu thi tuong dong véi nghién ctru trude day [34, 35], ching té phwong phap thuc
nghiém dang nghién la phu hop.

3.3. Két qua SEM cita miu BCC

bac tinh bé mit hinh hoc cia miu BCC dugc xac dinh bang phuong phap SEM. Két qua hinh anh
SEM dugc thé hién trén hinh 4.

Hinh 4. Két qua hinh 4nh SEM ctia mau BCC

Két qua hinh anh SEM & hinh 4 cho thdy BCC ¢ dang hat phing xép chdng 1én nhau, xen giita cac
mang phéng ton tai c4c 15 héc, kich thudc trung binh ctia mang phang 1a 10um. Chinh vi Ii do ¢6 cac goc
canh va 16 hég tuong d6i nhiéu va sdu bén trong lam téng kha nang hat bam (hdp phu) ciia BCC khi tam
cac chat dinh dudng hitu co trén bé mat.

3.4. Két qua do BET ciia miu BCC

Tuong tu, dic tinh bé mat cia miu BCC dugc xac dinh bang phwong phap phén tich hap phu da 16p
BET, sir dung diéu kién thi nghiém chit bi hap phu I khi nito (N2) tai nhiét 6 77.35 °K (do Kelvin) dé xac
dinh dién tich bé mat riéng. Két qua phan tich BET cua miu BCC, dién tich bé mit riéng dugc do dac la
2,77 m?/g. Dya trén két qua nay c6 thé thay rang kha nang hap phu vat 1y ciia BCC la khéng cao. Tuy nhién,
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trong cAu trac BCC c6 nhiéu nhom dao dong mang i lyc (thdy ¢ phan tich FTIR), nén kha ning hap phy
cta BCC dy doan chu yéu xay ra la sy hap phu hoa hoc.
3.5. Két qua xac dinh ham lweng hiru co trén mau phan bén

’Mﬁu phén bon hiru co sau khi duge téng hop trén nén BCC. Mau dugc phan tich dé xac dinh ham lugng
chat hiru co (OM), cho ket qua 54,40 %, ket qua nay cho sw phu hop cong bo tiéu chuan chat hiru co (OM >
20‘ %) cho phép duqc san xuat luu hanh ‘gheo nghi dinh nha nude Viét Nam (nghi dinh 84/201’9/NB-CP),
diéu nay chirg to rang co thé sir dung két qua loai phan bon trong nghién ctru nay dé san xuat phan bon
hitu co quy mod cbng nghiép tai Viét Nam.
3.6. Két qua khao nghiém mau phan bon hiru co trén cay trong

Tién hanh khao nghiém phan bon hira co vira téng‘hqp trén cay cai xanh. Quy trinh tién hanh khao
nghiém thuc hién nhu sau: sir dung 2 thung xop c6 chieu cao 15 cm, chicu dai 25 cm, chiéu rong 20 cm,
thung x4p thi nhét st dung tron dat trong va phan hitu co theo ti 1& 1:1. Trong khi, thiing x6p thir 2 chi sir
dung tron dat. Tlen hanh gieo hat cai ca hai thung trong cung thoi gian va nhiét do trong, cham soc tudi

nudc va theo ddi mdi ngay trong sudt thoi gian 30 ngay. Két qua trong khao nghiém thu duoc hinh anh cay
cai ¢ hinh 5,

X - ‘ ‘\.\ “lo raad -
Hinh 5. Hinh anh trong khao nghiém cay rau cai khi sir dung phan bén hiru co (a) va khdng sir dung phan bén
(b) & thoi gian 30 ngay.

Quan sat két qua khao nghiém trong rau cai tai 30 ngay ¢ hinh 5(a) cho thy, cay cai phat trién xanh
tuoi, 14 to c6 kich thuéc (dai x rong) la (7. cm x 6 cm), than cay cao 15 cm. Trong khi, quan sat két qua khao
nghiém trén cay rau ¢ hinh 5(b) thi thap hon trong cac thdng s so sanh tuong tu, diéu nay chiing to rang
mau phan bén hitu co duoc tong hop thanh cong va mang lai hiéu qua bon tét cho trong cy rau cai xanh
khi st dung phéan bon.

3.7. Két qua khao sat kha ning hap phu Pb?* trong dat trén mau BCCC

Tién hanh thi nghiém 3 miu dung dich chira Pb?* c6 ndng do6 ban dau (Co) lan luot 1a 100 ppm, 300 ppm,
500 ppm. Tién hanh tron mdi mau voi 100 g dat va 0.3 g BCC, u trong 21 ngdy. Sau thoi gian 1, hoa tan
100g dat 1 trong 1lit nudc cét, lic déu trong thoi gian 60 phiit, dem loc thu duge 3 miu dung dich. Tién
hanh phan tich dung dich bang phuong phap UV-VIS dé xac dinh ndng d6 sau khi hip phu (Cy). Két qua
kha ning hap phu (qe) thay d6i theo ndng d¢ ion chi ban dau trong mau thu duoc & hinh 6,
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Hinh 6. Anh huong cia ndng do ion chi dén kha nang hap phu cia BCC trong dit

Quan st két qua thi nghiém & hinh 6 cho thay rang khi tang nong d6 Pb?* trong mau dét tir 100 ppm -
300 ppm, kha nang héap phu ion ion chi ting déu. Tai ndng do dau caa ion chi tir 300 ppm-500ppm, kha
ning hap phu ting cham, chiing té kha ning hap phu dat téi trang théi can bang. O day sau do, chang toi
da tinh toan duoc kha ning hap phu cuc dai tai ndng d6 300 ppm (mg/l) la 23,86 mg Pb?* /g BCC.

4. KET LUAN

Dua trén két qua thuc nghiém trong nghién ctru, chiing t6i dwa ra mot sé két luan nhu sau:

(1) Béng phuong phap nhiét hda yém khi tai nhiét do 450°C trong 1h tir phé thai vo ca phé, ching toi
da thanh cdng trong tong hop thanh biochar, ky hiéu mau 1a BCC.

(2) Cac dic tinh hinh hoc va cau tric cia mau BCC va mau phan bén di duge xac dinh béng cac
phuong phap phan tich hoa Iy hi¢n dai nhu: XRD, FTIR, SEM, BET. Két qua cho thdy cau tric
hinh hoc cua than xdp, ¢6 bé mat riéng la 2,77 m2/g bé mat dang phang c6 nhiéu 16 hong héc voi
kich thuéc hat trung binh 10um. CAu trdc bé mat BCC va mau phan bon c6 chira cac nhom lién
két mang i luc.

(3) Tong hop thanh cong dwoc mau phan bon hitu co trén nén BCC c6 ham lugng chét hiru co 1a
54,40%, dap tmg duoc tiéu chuan 1a phan bon hitu co duoc phép san xuét tai Viét Nam. Ngoai ra,
mau phan bon hitu co duoc trong khao nghiém trén cy cai xanh cho két qua cay cai phat trién tot
hon khi trong khdng bén phan.

(4) Trong nghién ctru (ing dung biochar 1am chét hap phy, BCC ¢6 tinh hap phu tot voi ion Pb?* trong
dat, két qua cho kha nang hap phu ion chi ti wu 1a 23,86 mg Pb**/g BCC.

Nghién ctru nay 1a budce dau trong tdng hop va tng dung biochar 1am chit cai tao dat. Nhitng nghién
ctu tiép theo nhu ung dung biochar trong xir Iy nudc thai, khi thai hogc 1am phan bén cao cip hon nhur
phan hiru co vi sinh hay phan bon sinh hoc sé tiép tuc duoc nghién ciru cho nhing bai béo tiép tuc trong
tuong lai.
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BIOCHAR SYNTHESIS FROM WASTE COFFEE PEEL FOR APPLICATIONS AS A
SOIL IMPROVER IN VIET NAM

PO QUY DIEM, NGUYEN VAN SON, VAN THANH KHUE, VO THANH CONG*
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
vothanhcong@jiuh.edu.vn

Abstract. In this work, the waste coffee peel was calcined at 450°C, 40 minutes to synthesize biochar,
denoted as BCC. The BCC sample was then analyzed to evaluate the morphological and surface structural
properties such as Scanning Electron Microscopy (SEM), X-ray diffraction (XRD), Fourier Transform
Infrared Spectroscopy (FTIR), and Brunauer-Emmett-Teller (BET). The resulted measurement of
properties shown that the geometrical structure on the BCC was flat particles stacked on top of each other,
containing many cavities, with an average particle size was 10 pum analyzed by SEM. The specific surface
area of BCC was 2.77 m?/g as measured by BET analysis. The structure on BCC with bonds of vibration
groups such as O-H, C=C, C-0, and carbon graphite crystals was analyzed by FTIR and XRD methods,
respectively. In the applied research as a soil improver, the BCC sample was impregnated with organic
nutrients to make organic fertilizer and tested directly on broccoli and then showed that BCC-fertilized
broccoli grew better than the unfertilized sample. In addition, BCC applied as lead ion adsorbent (Pb?*) in
soil which it given the optimal adsorption capacity of 23.86 mg Pb?*/g BCC. Based on these results
indicated that biochar synthesized from waste coffee peel was enough the standards as a soil improver in
Viet Nam.

Key word. Biochar, organic fertilizer, waste coffee peel, soil improver
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