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HAP PHU KHi €O, TU THAN SINH HOC VO HAT MAC-CA

C0, CAPTURE BY BIOCHAR FROM MACADAMIA NUT SHELL

TOM TAT

San lugng va dién tich trong cdy mac-ca ngay cang tang nhanh kéo theo lugng phu
phdm ndng nghiép vé hat mdc-ca ting theo, gay nén nhiing lo ngai vé méi trudng. Mot
trong nhiing phuong phap d€ gidm thiéu nhiing téc dng xdu dén méi trudng la chuyén doi
thanh than sinh hoc bang phuong phap nhiét phdn nham hap phu khi C0,. Gidi phap nay
vira gitip gidm thiéu lugng phu pham ndng nghiép thita vira gidp gidm 6 nhiém méi truong
khdng khi. Nhiét phan vo hat mac-ca dugc thuc hién trong |0 nung Nabartherm 6 diéu kién
600°C trong moi trudng khi N,. Két qua phan tich SEM-EDS va hap nha N, cho thay hinh thai
hoc bé mat than sinh hoc ¢6 d6 go ghé khong dong nhat, dién tich bé mat cda than sinh hoc
la 127,44m%/g. Két qua phan tich FTIR cho thdy ¢6 rdt it nhom chic xudt hién trén bé mat
than, chiing t6 su h&p phu khi C0, chi yéu I3 hap phu bang co ché thu gitt vat Iy. Ung dung
clia than sinh hoc trong hap phu khi €0, dugc thuc hién 6 quy md phong thi nghiém diéu
kién nhiét do phong va ap sudt khi quyén, téc do dong €0, 5 lit/phit, dat gid tri cao nhat va
on dinh 1,7mmol/g. Két qua nay ching minh than v6 hat mc-ca 6 thé dugc st dung lam
chat hap phu khi C0, ré va than thién vdi méi truong.

Tir khéa: Than sinh hoc, vé mdc-ca, nhiét phdn, hdp phu khi C0,, néng nghiép bén viing.

ABSTRACT

The rapid development in the plantation area of macadamia trees has led to an
increase in the number of agricultural by-products, most importantly macadamia nut
shells, and may cause environmental concerns if not treated properly. One of the
methods to reduce the negative impact on the environment is to convert it into biochar
by pyrolysis for CO, adsorption. Pyrolysis of macadamia nut shells was carried out by
Nabertherm at 600°C in an atmosphere containing pure N,. The results of SEM-EDS
analysis and N, adsorption/desorption isotherms showed that the biochar structure was
highly porous, and the surface area of biochar was 127.44m%/qg. The FTIR analysis results
showed that very few functional groups existed on the surface, suggesting that the C0,
adsorption onto this biochar would rather follow a physical capturing mechanism. The
application of biochar for C0, adsorption was carried out in laboratory conditions of room
temperature and atmospheric pressure, €0, flow rate of 5 liters /min, and achieved a
high and stable CO, adsorption value at 1.Tmmol/g. This result showed that macadamia
nut shells could be used for the production of cheap and environmentally friendly
absorbent.

Keywords: Biochar, macadamia nut shell, pyrolysis, 0, adsorption, sustainable
agriculture.
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1. GIOI THIEU

Mac-ca la mét loai cdy cd ngudn géc tu cac
khu ritng can nhiét déi phia déng Australia, tao
ra nhan mau trdng, kem, va co6 gia tri cao [1].
Téng san luong méc-ca toan cau nam 2020 la
63000 tan, tang 2,3 1an trong vong 10 nam. Uc va
Nam Phi la nhitng nudc san xuat mac-ca hang
dau, chiém 50% t6ng san lugng toan cau. Trong
khi d6 Viét Nam chiém 3% san luong qua mac-ca
toan cau [2] véi khoang 1800 tan. Cady mac-ca &
Viét Nam dugc du nhap vao Viét Nam tU nam
1994 va trong nhiéu nhat & cac tinh Tay Nguyén,
Tay Bac, chu yéu phuc vu néng nghiép, va muc
dich nghién cdu Iam nghiép [3]. Vai tro hién tai
cda Viét Nam trén thi trudng mac-ca toan cau la
mot trong nhiing quéc gia ché bién hat mac-ca,
chiém hon 8% téng nhap khiu hat méc-ca cla
thé gidi trong nam 2017 [2].

Vd hat mic-ca dugc coi 1a mét phu pham
trong ché bién qua mac-ca, viéc tang dién tich
tréng dugc cho la lam tang luong phu phdm vé
hat mic-ca. Lugng phu phdm 1én c6 kha nang
lam tdng nguy ca 6 nhiém moi trudng néu khéng
c6 bién phap xtr ly. Mét s6 phucng phap dé tan
dung nguén phu phdm ti vé hat méc-ca nhu lam
phan bén [4], san xuat dién bang cach chuyén
déi chung thanh khi téng hop (syngas) [5]. Mot
phuong phap tiém nang dé st dung ngudn vé
hat mac-ca cé hiéu qua gidm nguy co 6 nhiém
mai trudng la chuyén déi vé hat mac-ca thanh
than sinh hoc bang qua trinh nhiét phan. Nhiét
phan la mét qua trinh phan hay cac chat hiu co
trong méi trudng ky khi, sdn phdm clia qua trinh
Ia than sinh hoc, dau nhiét phan va khi téng hap.

Viéc phat thadi cac khi nha kinh nhu carbon
dioxide (CO,), methane (CH,) va nito oxit (NO,)
vao bau khi quyén [a mot van dé nghiém trong vi
ching c6 thé gay ra bién ddi khi hau. CO, Ia khi
dugc quan tdm nhat trong sé cac khi nha kinh vi
la khi gy nén hién tugng néng Ién toan cau [6].
Diéu nay sé dan dén nhing tac déng to Ion dén
moi trudng trén can, gay ra han han nang né,
thay d6i mé hinh mua, séng nhiét khic nghiét,
bang ha tan chay va muc nudc bién dang cao [7].
Cac nha may nhiét dién la ngudn phat thai CO,
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chinh trong cong nghiép vi chiing dét mét lugng I6n nhién
liéu hoa thach dé tao ra nang lugng cho cac hoat dong va
muc dich st dung clia con ngudi.

DE gidm su phat thai CO, vao bau khi quyén, nhiéu
nghién clu huéng téi muc dich tim ra cac phuong phap
mdi va hién dai dé thu héi CO, mot cach hiéu qua. Trong
céng nghiép khi CO, dugc hap phu trong dung dich cé goc
amin nhu monoetanolamin (MEA), dietanolamin (DEA)
hodac metyl dietanolamin (MDEA) [8]. Tuy nhién phuong
phdp nay con tén tai nhilng nhugc diém nhu nguy co dn
mon thiét bi cao, cdn thém nang lugng dé tai tao chat hap
phu, va phat sinh thém bun thai t’ qua trinh nay. Phuong
phap hap phu bdng vat liéu ran dé dang x& ly hon va
khong bi an mon. Mot sé nghién ciru gan day vé than sinh
hoc hap phu khi CO, [9, 10] cho thdy rang than sinh hoc ti
cac phu phdm néng nghiép c6 kha ning hap phu khi CO,
va c6 th€ ma& rong & quy méd 16n. Vi vay muc tiéu cla
nghién clu nay la san xudt than sinh hoc ti phu pham
ndéng nghiép bang phuang phap nhiét phan vé hat mac-ca
dé ing dung hap phu khi CO,.

2. VAT LIEU VA PHUGNG PHAP
2.1. Nguyén liéu sinh khéi

V6 mém qua mac-ca dugc ldy mau ti tinh Dak-Lak cua
Viét Nam. D& xac dinh cac dic diém cda sinh khéi, mot loat
cac phan tich ky thuat (Proximate analysis) da dugc thuc
hién. Vi phan tich ky thuat, chat béc V (tiéu chudn ASTM
D-3175), ham lugng tro A (tiéu chudn ASTM D-3174) va
ham lugng cac-bon ¢6 dinh FC (FC = 100 - V - A) da dugc
xac dinh.

2.2. Qua trinh nhiét phan

Than sinh hoc dugc ché tao bang 16 nung Nabertherm
trong phong thi nghiém. Sau khi dugc thu gom, vé hat
méac-ca dugc rlia sach va phoi nang trong 48 gid. V&i méi
mé khodng 200g v6 hat mac-ca dugc cho vao mét hdp kin
va nung & nhiét d6 600°C trong 1 gid trong N, (3 lit/phut).
Phuong phap nay cho phép tao ra mot lugng I6n than sinh
hoc véi gia thanh phai chang va than thién moi trudng. Sau
khi qua trinh nhiét phan két thuc, than sinh hoc dugc dé
ngudi va lay ra dem di phan tich dac tinh hinh thai bé mat,
d6 rong x6p va kha nang hap phu CO,.

2.3. Qua trinh hap phu CO,

Thi nghiém hap phu khi CO, dugc thuc hién & quy mé
phong thi nghiém thuc bgi hé théng Macro thermo-
gravimetric analyzer (Macro-TGA) dat tai Trudng Dai hoc
Khoa hoc va Cong nghé Ha Noi (USTH), dugc thiét ké bai
USTH va hdng CIRAD. Hé théng nay bao gém mét 16 phan
ung dugc lam bang 6ng gém c6 kich thudc 110 x 7,5cm
(chiéu dai x dudng kinh) (1) dugc dat bén trong thiét bi gia
nhiét (2). Lo phan tng dugc gitt nhiét dé6 déng nhat bai ba
vlung gia nhiét doc lap T1, T2, T3. Méi loai khi dugc chi dinh
b&i mét dong hé do luu lugng riéng biét. Mau than sinh
hoc dugc dat trong khay chiia gan lién thang nang ha, khéi
luong mau dugc do lién tuc bang can (5) va dugc ghi lai
bang may tinh méi 5 giay mot lan. Téc d6 dong chay cua
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dong khi CO, la 5 (lit/phat), lugng than sinh hoc dugc su
dung dé lam thi nghiém la 0,3 gam. Khi N, dugc st dung
vao qua trinh giai hap, va cé téc dé dong bang véi dong khi
CO,. Qua trinh hap phu khi CO, dugc thit nghiém & &p suat
khi quyén va nhiét d6 phong 25°C.
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Hinh 1. Hé thong khi hda Macro thermo-gravimetric analyzer
2.4. Quét kinh hién vi dién tu

Sau khi két thuc qua trinh nhiét phan, than sinh hoc
dugc dua vao Kinh hién vi dién ti (SEM) TM4000plus
Hitachi. SEM cung cdp hinh anh truc quan vé hinh thai cta
bé mat than va do réng x8p cla né. Phé tan xa nang lugng
tia X (EDS): Phé EDS dugc do trén thiét bi micsF + cla
Oxford Instrument cung cap thong tin vé cac thanh phan
héa hoc trén bé mat than.

2.5. Phan tich hap/nhaN,

Thiét bi do BET cia hang Micromeritic dugc st dung dé
do su hap/nha N, ctia than sinh hoc sau nhiét phan & nhiét
d6 - 196°C. Mau ban dau dugc sdy trong dong khi N, &
300°C trong 6 gio. D liéu dugc ghi lai trong khoang ap
suat 0 < p/p, < 0,99. VGi dit liéu thu dugc, phuong phéap
Brunauer - Emmett - Teller (BET) da duoc st dung dé xac
dinh téng dién tich bé mat riéng cla mau va téng thé tich
16 réng. Ngoai ra, phuang phép t-plot da dugc st dung dé
udc tinh dién tich va thé tich clia cac vi mao quan. Vé kich
thudc, cac mao quan dugc chia thanh: vi mao quan cé
duong kinh nhé han 2nm; mao quan trung binh c6 dudng
kinh t&r 2nm dén 50nm; va mao quan I6n cé dudng kinh I6n
hon 50nm.

2.6. Phan tich phé héng ngoai

Su hién dién clia cdc nhom chuc trén bé mat than sinh
hoc tir hat mdc-ca dugc phét hién théng qua phuong phap
phan tich quang phé héng ngoai bién d8i Fourier (FTIR), st
dung phd ké UATR-FTIR (PerkinElmer) vé&i dai MIR 450 -
4000cm™ va d6 phan giai 4cm™.

3. KET QUA VA THAO LUAN
3.1. Tinh chat héa ly cia sinh khéi va than

Dac tinh cla vo hat méc-ca dugc thé hién trong bang 1.
C6 thé thay dé am clia vé mém la 15,72% khéi luong, nhu
vay dé dm cla vd mém la cao. D6 dm cao khién qua trinh
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chuyén héa nhiét tr& nén bat Igi han, dd 4m cla sinh khéi
dugc khuyén nghi cho qua trinh chuyén héa nhiét-hoa la
dudi 10% khéi lugng [11]. Ham lugng tro trong vé hat mac-
ca la 3,42% tuong d6i thap so vai 2 loai sinh khdi, 1a vo hat
diéu 5% va vo hat ca phé 11,2% [12]. Ham lugng tro thap sé
gidm lo ngai vé su tdc nghén va an mon thiét bj trong hé
thong phu hgp san xuat than sinh hoc & quy mé Ién. Ham
luong chat boc cla vé mém la 70,48%, tuong déi cao
ngang bang véi sinh khoi voé hat ca phé 72,8% va vo hat
diéu 76,8% [12] ham lugng chat boc cao gitp cho qua trinh
chuyén héa nhiét hoéa tiét kiem nang luong hon. Nhiét tri
cao cla vé hat méc-ca dugc ghi lai la 17,47MJ kg™ bang véi
vé hat ca phé 17,6% [12]. Cac dac tinh ly héa cla vo hat
mac-ca cho thdy su phu hgp dé san xuat than sinh hoc &
quy mo lén.

Bang 1. Dac tinh Iy héa ctia vo hat mdc-ca

M* (%) A**(%) V#* (%) FC** (%) | HHV*(MJkg")
15,72 3,42 70,48 26,10 17,47

M: dd dm, A: Ham lugng tro, V Ham lugng chdt béc, FC Ham luong cdc-bon 6
dinh, HHV: nhigt tri cao.* Két qud tinh trén mdu udt, ** Két qud tinh trén mdu kho
3.2. Déac tinh va hinh thai cta than sinh hoc

Hinh thai bé mat cia than méc-ca nhiét phan tai nhiét
d6 600°C trong dong N, dugc thé hién trong hinh 2 bang
anh SEM. Hinh anh SEM cho phép hinh dung truc ti€p hinh
thai bé mat va do xép vi mé ctia than. Anh SEM than méc ca
thé hién hinh thai khéng déng nhat véi bé mit gé ghé dan
xen gidia cac hat to nho. Mot sé hat dugc phan xa sang hon
dugc thé hién trén bé mat, c6 thé 1a cac hat vé ca cé trong
than. Mot s6 cdu tric rdng x6p dugc quan sat tuy khéng
nhiéu. Két qua EDS cho thdy nguyén t6 chiém uu thé trén
bé mat than sinh hoc mac-ca la cac-bon, chiém tGi 70%,
tiép dén la Kali, 17%. Mot s6 nguyén t6 khéac cling dugc tim
thay trén bé mat than nhu Si, CI, P va S.

FU8 0003-45kV 5.6mm X460

Hinh 2. Hinh dnh SEM- phd EDS cia than sinh hoc v hat mac-ca
3.3. Pac tinh hap phu cta than sinh hoc
3.3.1. Phén tich phé héng ngoai

Hinh 3 thé hién két qua phan tich FTIR dugc st dung dé
khéo sat cac nhom chiic héa hoc bé mat ctia than sinh hoc.
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Nhin chung, rat it nhém chiic dugc phat hién trén bé mat
cUa than sinh hoc vé mac-ca. Cac dinh & khoang 3584 -
3700cm™ ¢6 thé dugc gan cho cac nhém chiic O-H, va cac
dinh & 2000 - 2400cm™ c6 thé dugc gan cho cadc nhéom
0=C=0. C4c dinh & khodng 1670 - 1600cm™ c6 thé dugc
dac trung bai cac nhom (C=C). Cac dinh & khoang 1400 -
1000cm™ ¢6 thé dugc dic trung béi cdc nhém O-H. Nhing
nhom chidc nay khéng truc ti€ép lién quan dén kha nang
hap phu CO, clia vat liéu, tuy nhién két qua nay c6 thé du
doan dugc do dudi tac dung ctia nhiét, phan I6n nhom
chiic bé mat sé bi pha huy.
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Hinh 3. Két qua FTIR cla than sinh hoc tif hat mdc-ca
3.3.2.D6 réng xép
Dudng hap/nha N, ctia than sinh hoc sau khi nhiét phan
v hat méc-ca dugc thé hién trong hinh 4. Dién tich bé mat
BET ctia than sinh hoc mac-ca dugc tém tat trong bang 2.
45
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Hinh 4. Butng hap phu/gidi hap N, clia than sinh hoc tir vd hat mdc-ca
DPudng dang nhiét clia than méc-ca c6 thé dugc x€p vao
nhom IV trong khung xép loai cac vat liéu réng x6p IUPAC,
chiing t6 than mac-ca ¢6 nhiéu vi mao quan va d6 rébng xop
I6n. Ngoai ra, hién tugng tré & ap suat thap ciing duoc
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quan sat thdy trén dudng dang nhiét, véi dudng nha tach
kha xa dudng hap. Hién tugng nay thudng gan véi cac vi
mao quan c6 hinh thai ¢ chai, rat phu hop cho cac vat liéu
trad thanh chat hap phu t6t khi cac phan ti dugc thu git
vao trong mao quan kho thoat ra ngoai hon.

Bang 2. Dién tich bé mat va thé tich mao quan ctia than sinh hoc

Stotal (mZ/ g) Vtotal (<m3/ g) v micro (cm’/ g) Vmeso (cmS/ g)
127,44 0,06 0,05 0

Téng dién tich bé mat riéng cla vé than sinh hoc méc-
ca la 127,44m?%g va téng thé tich 16 rébng bang 0,06cm*/g,
kha cao khi so sanh véi cac loai than sinh hoc khac duoc
lam Vi cac phuong phap tuong tu. Thém vao dé, thé tich
céac vi mao quan chiém phan I6n thé tich cac 16 réng, khang
dinh su phu hgp khi st dung than vé mac-ca lam chat hap
phu khi CO,.

3.4. Hap phu khi CO,

Hinh 5 thé hién két qua hap phu khi CO, khi st dung than
sinh hoc lam tir vo hat mac-ca. K&t qua cho thady vat liéu tang
khéi lugng thém 4,5% so véi khéi lugng ban dau sau mot
thoi gian rat ngan (dudi 1 phat). Su tang khéi lugng nay
tuong duong vaéi kha nang hap phu 1,1mmol khi CO, cho
méi gram vat liéu. Gia tri nay dat 6n dinh trong dong khi CO,
véi téc d6 dong chay 5 lit/phut. Thém vao do, khi chuyén
qua dong khi N, dé tai sinh mau, thsi gian vat liéu nha CO,
cling rat nhanh (dudi 6 phut dé nha hoan toan 100% CO,).
Day la moét Igi thé I6n trong cong nghé hap phu CO, khi c6
thé tach rai khi CO, khdi dong khi thai va luu trit ching vao
mot noi khac mét cach rat nhanh chéng. Két qua do hap phu
khi CO, cling phu hgp va théng nhat véi két qua do dién tich
bé mat BET & bang 2. Cac phan t khi CO, dé dang hap phu
vao bé mat cla than sinh hoc nhd vao d6 rong x6p clia bé
mat than sinh hoc bang co ché vat ly.

Hép phu (%)

Thei gian (phuat)

Hinh 5. Két qua hap phu khi C0, cda than sinh hoc tir v hat mac-ca
4, KET LUAN VA BE XUAT

Than sinh hoc tir vd hat mac-ca nhiét phan & nhiét d6
600°C c6 do robng xop tuong doi 1én véi chil yéu cac vi mao
quan. Thi nghiém hap phu khi CO, cho thay vat liéu cé kha
nang hap phu khi CO, lén dén 1,1mmol/g. Su hap phu khi
CO, chli yéu tlr co ché thu gilr vat ly cac phan ti khi. Ngoai
ra, than c6 kha nang hap phu va giai hap rat nhanh khi CO,,
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mang lai Igi thé I6n khi ¢ing dung & quy mo céng nghiép.
Nghién ctu cho thdy than sinh hoc tir vd hat mac-ca c6
tiém nang I6n dé trd thanh mot vat liéu hap phu khi CO, ré
va than thién vé&i méi truong.
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