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CHAT THAI RAN TU QUA TRINH KHi HOA VO MAC-CA:
TIEM NANG SU DUNG LAM VAT LIEU HAP PHU

SOLID WASTE FROM MACADAMIA NUTSHELL GASIFICATION: POTENTIAL USED AS ADSORBENT

DOI: https://doi.org/10.57001/huih5804.46

TOM TAT

Viéc mé rgng sdn xuat mdc-ca trén toan cau dan dén nguy ¢ ngay cang
tang cla cdc san pham phu nhu vo hat mac ca gay 6 nhiém moi trudng. Su két
hgp gilta ndng lugng va san xuat than sinh hoc tir hat mac ca la mét giai phap
kha thi d€ tan dung phu pham ndng nghiép va tao ra cac chat hdp phu géc
sinh hoc ¢6 gid tri cao, mang lai nhiéu (ing dung trong viéc x ly moi trugng.
Trong nghién ctiu nay, cac két qua thuc nghiém thu dugc vé cac dac tinh cla vo
hat mdc ca da lam ngi bat tinh thich hop cda n6 lam nguyén liéu cho qua trinh
khi héa sinh khéi véi d6 dm va ham lugng tro tuang déi thap lan lugt la 5,62%
va 0,99%. Ham lugng chat bdc bay dugc tim thdy trong vo hat mdc-ca la déng
k€ 82,59% va nhiét tri cao cla v6 mdc-ca dugc xac dinh la 18,71MJ/kg. Phéan
tich SEM, BET vé chat thai rdn cho thay bé mat than ¢ do xop tuong ddi Ion,
dién tich bé mat la 783,04m%/q. Hon nita, phan tich FT-IR cho thdy it nhom
chic luu lai trén bé mat than.

Tir khéa: Than sinh hoc, v hat mdc-ca, khi hda, néng nghiép bén viing,
hdp phu.

ABSTRACT

The global expansion of macadamia production leads to an increasing risk of
the by-products such as nutshell causing environmental pollution. The
combination of energyand biochar production from macadamia nutshell is a
propable solution to utilize agricultural residues and generate high-value bio-
based adsorbents that offer numerous applications in environmental
remediation. In this study, the obtained experimental results on the properties of
macadamia nutshell highlighted its suitability as feedstock for biomass
gasification with the relatively low moisture content and ash content of 5.62%
and 0.99%, respectively.The volatile matter content of macadamia nutshell was
found to be significant at 82.59%, and its higher calorific value was identified to
be 18.71MJ/kg. The SEM, BET analysis of the solid waste suggested that the char
surface has a relatively large porosity, the surface area is 783.04m”/g. Moreover,
the FT-IR analysis showed little functional groups retaining on the char surface.

Keywords: Biochar, macadamia nutshell, qgasification, sustainable
agriculture, adsorbent.
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1.GIGI THIEU

M3c-ca la mét loai cay than gb cé ngudn géc & ven bién
phia bac New South Wales va phia nam Queensland cuta
nudc Uc [1]. Hat méc-ca gobm hai loai v, 16p vé cling bén
trong va vé mém boc bén ngoai I6p vé cliing va nhan, Mac-
ca dugc cdng nhan la loai hat cao cap trén thé giéi do ham
lugng va chat lugng dau cao va huong vi dac biét [2]. Téng
san lugng mac-ca toan cau nam 2020 dat gan 63000 tan.
Uc, Nam Phi va Trung Quéc la ba quéc gia san xuat mac-ca
hang dau chiém dén 2/3 san lugng mac-ca toan cau [3]. Cay
mac-ca dugc du nhap vao Viét Nam tur cudi thé ky XX va
phan bé chd yéu & cac tinh Tay Nguyén va Tay Bac [4]. San
Lugng mac-ca cla Viét Nam nam 2020 dat khoang 1600 tan
chiém 3% san lugng mac-ca toan cau [3].

Trong ndng nghiép vdé mac-ca dugc coi la moét phu
pham, ti trong cla vé chiém khodng 70% - 77% cla hat
mac-ca [5]. Do lugng phu phan trong san xuat hat mic-ca la
rat I16n néu khong dugc xt ly dung cach sé gay 6 nhiém moi
trudng, vi vay yéu cau can cé mot phuang phap thich hop
dé xtt ly vé hat méc-ca. Mot vai nghién ciu da chira mot s
phucong phap dé xr dung vé méc-ca nhu lam phan bon [6],
san xuat nhién liéu ran [7], sdn xuat than hoat tinh [8]. M6t
gidi phép tiém nang chuyén déi vé hat mic-ca thanh than
sinh hoc bang phuong phéap khi hda. Khi hoa sinh khéi la
maot qua trinh chuyén déi nhiét hda nham chuyén hoa sinh
khéi thanh khi téng hgp (thanh phan chi yéu 1a CO, H,). Khi
téng hop c6 thé dugc st dung truc tiép dé san xuat nhiét
hodc dién. Vi vay muc tiéu cla nghién ctiu la san xuat than
sinh hoc bang phuong phap khi hda vé hat mac-ca va ung
dung than sinh hoc lam chat hap phu chi phi thap va than
thién v&i maoi trudng.

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

V6 hat mac-ca dugc ldy tir huyén Kréng Nang, tinh Dak
L3k, Viét Nam. Sau khi dugc thu gom, sinh khoi dugc rta
sach va dung trong tu sdy & 60°C trong 48 gi& trudc khi
dugc bdo quan trong hop kin & nhiét d6 phong dé phan
tich. D& xac dinh cac déc diém cla sinh khéi, mét loat cac
phan tich ky thuat va phan tich nguyén t6 (Proximate
analysis) da dugc thuc hién. VGi phan tich ky thuat, chat
béc V (tiéu chudn ASTM D-3175), ham lugng tro A (tiéu
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chudn ASTM D-3174) va ham lugng carbon c¢6 dinh FC
(FCdb = 100 - V - A). Nhiét tri cao dugc xac dinh bang thiét
bi Parr 6200 Calorimeter.

2.2. Than sinh khéi

Than sinh khéi dugc ché tao bang [6 nung Nabertherm
G nhiét d6 600°C trong 1 gid. 300g vo ciing hat méc-ca
dugc cho vao moét hop kin nung trong N, (3 lit/phut).
2.3. Qua trinh khi héa

Qua trinh khi hoa dugc thuc hién & nhiét doé 950°C véi
xuc téc 20%CO, 20%H,0 bsi 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 hang CIRAD. Hé thong nay bao gbm mot 16 phan
Uing 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 moét dong hé do luu lugng riéng biét. Mau sinh khéi
dugc dat trong khay cha gan lién thang nang ha, khoi
luong mau dugc do lién tuc bang can (5) va dugc ghi lai
bang may tinh mdi 5 gidy mot lan.
2.4.Phan tich hanh vi nhiét

&

[T [T
n
€O; N; HO NH,
Poiny 25°C 1
7l L__
| [T Carbolite
Macro-TGA
Sofware ]
i :'—EData acquisition U
~—— P Fluegas
6

Hinh 1. Hé thong khi hoa Macro thermo-gravimetric analysis

Trong nghién ctiu nay hanh vi nhiét cta vo hat mac-ca
dugc thé hién bang phuong phép phan tich nhiét trong
trudng vi mé (TGA-DTG) bdi hé théng khi héa Macro
thermo-gravimetric analyzer trong hinh 1. M6 ta chi tiét hé
thong tai phan 2.3. Dau tién 8,5g vé macadamia dugc dat
trén gia d& mau (4) va dua vao 10 phan (ng. Sau d6 khi N,
bén trong |6 phan tng dugc thiét 1ap (3 lit/phut). Véi toc do
gia nhiét 5°C/phut, I6 phan Ung dugc lam néng tu nhiét do
phong dén 900°C. Su gidm khéi lugng lién tuc dugc theo
déi va ghi lai trén may tinh, sau d6 dir liéu thu dugc sé dugc
phan tich théng qua phan mém Origin 2018. S&r dung phan
tich nhiét trong lugng (TGA) véi phan tich do nhiét trong
lugng vi sai (DTG), cac dac diém nhiét quan trong cla vo
hat mic-ca da dugc khéo sat, chdng han nhu téc dé phan
hay va nhiét dé phan hay ban dau va t6i da.
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2.5. Phan tich hdp/nhaN,

M4y phan tich BET cta hang Micromeritics dugc s
dung dé do su hap/nha N, cta chat thai ran sau khi héa &
nhiét d6 - 196°C. Mau ban dau dugc sdy & 300°C trong
dong khi N, trong 4 gi@. D liéu dugc ghi lai trong khodng
ap suat 0 < p/p, < 0,99. Véi dt liéu thu dugc, phuong phap
Brunauer - Emmett - Teller (BET) da dugc sit dung dé xac
dinh t6ng dién tich bé mat riéng clla mau va téng thé tich
16 rbng. Ngoai ra, phuang phap t-plot da dugc sir dung dé
udc tinh dién tich va thé tich cla céc vi mao quan. Vé kich
thudc, cac mao quan dugc chia thanh: vi mao quan cé
dudng kinh nhé hon 2nm; mao quan trung binh c6 dudng
kinh tir 2nm dén 50nm; va mao quan Ién ¢6 dudng kinh 16n
hon 50nm.

2.6. Quét kinh hién vi dién tu

Kinh hién vi dién ta (SEM) TM4000plus Hitachi. SEM
cung cap hinh anh truc quan vé hinh thai ctia bé mat than
va do6 rébng xop clia no.

2.7. Phan tich Phé hdng ngoai

Su hién dién clla cdc nhom chuc trén bé mat than sinh
hoc tur hat mac-ca dugc phat hién théng qua phuong phap
phan tich quang phé héng ngoai bién d&i Fourier (FTIR), st
dung phd k& UATR-FTIR (PerkinElmer-) vai dai MIR 450 -
4000cm™ va do phan giai 4cm™.

3. KET QUA VA THAO LUAN
3.1. Tinh chat héa ly ciia sinh khéi

Déc tinh cda vé cing hat mic-ca dugc thé hién trong
bang 1, c6 thé thdy dé 4m chi chiém 5,62% khéi lugng, d6
am thap sé gilp qua trinh khi héa nhanh hon va tiét kién
mot nang lugng khi bo qua giai doan sdy. Ham lugng tro la
0,99%, ham lugng tro thap sé lam gidam kha nang bi tac
nghén hé théng khi héa. Ham lugng chat béc la 82,59%,
ham lugng chat béc cao sé thu dugc nhiéu nang lugng
trong qua trinh khi hoa. Nhiét tri cao bang 18,71(MJ/kg) cao
hon nhiét ctia mot s6 loai gé nhu gé séi va gé philao [9].
Béng 1. Dac tinh Iy héa clia v hat mdc-ca
M* (%) A**(%) (%) | FC*(%) | HHV*(M)/kg)

5,62 0,99 82,59 16,42 18,71

M: D6 dm, A: Ham lugng tro, V Ham lugng chdt bc, FC Ham lugng cdc-bon c6
dinh, HHV: Nhigt tri cao. * Két qud tinh trén mdu udt, ** Két qua tinh trén mau kho.

3.2. Hanh vi nhiét ctia sinh khdi vé ciing hat mac-ca

Hanh vi nhiét cla vd cliing hat mac-ca dugc thuc hién
trong diéu kién khi N,, t6c d6 gia nhiét la 5°C/phut cho dén
khi dat dén 900°C. Cac dudng cong TGA-DTG dugc thé hién
trén hinh 2. Qua trinh phan huy nhiét ctia vo ciing hat mac-
ca dugc chia lam 3 giai doan lién ti€p nhau d6 la qua trinh
mat nudc, phan hdy va hinh thanh than.

Xem xét cac dudng cong TGA-DTG trong hinh 2, dinh
chinh clia qua trinh mat nudc & 167°C thé hién su giam
khéi lugng do bay hai ctia cac phan ti H,0. G dai nhiét do
tur (220 - 450°C) khéi lugng clia mau giam di 40% va ti lé
hao hut khéi lugng 16n nhat R,,.,,.= -0,41 (%/°C) dinh clia qua
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trinh & nhiét d6 340°C diéu nay c thé dugc giai thich do su
phan hay ctia hemicellulose, cellulose va mot phan lignin.
& giai doan trén 450°C khéi lugng clia mau giam di khong
dang ké do phan I6n chat bay hoi va phan hay & hai qua
trinh trudc, vat liéu con lai chi la than.
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Hinh 2. TGA-DTG ctia v0 cling hat mdc-ca
3.3. Hinh thai hoc bé mat cia chat thai ran

Hinh thai hoc cla chat thai rdn dugc thé hién bang hinh
anh SEM, anh SEM cho phép hinh dung vé hinh théi bé mat
va do x6p vi moé cla vat liéu. Hinh 3 cho thay bé mat clia
chat thai ran g6 ghé khong dong nhat, xuat hién mot sé
cdu truc réng x6p.

Hinh 3. Hinh dnh SEM bé mat cla chat thai ran

3.4. Dic tinh hap phu cta chat thai ran

3.4.1. Nhém chirc héa hoc bé mt

Hinh 4 thé hién két qua phan tich FTIR dugc st dung
dé khdo sat cdc nhom chiic hda hoc bé méat ctia chat thai
ran. Mot s nhom chuc quan sat dugc cta than sinh hoc
tir vo cliing hat méc-ca, cac dinh & khoang 3700 - 3584cm’™
va 3200 - 2700cm™ dugc gan cho nhém chic O-H va cac
dinh & khodng 2140 - 1990cm™ dugc gan cho nhém
N=C=S. Cac dinh & khoang 1600-1300cm™ dugc dac trung
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b&i nhém (N-O). Cac dinh & khoang 1124 - 1087cm’™ dugc
gan cho nhém (C-0). Két qua nay cho thdy cé it nhom
chic xuat hién trén bé mat chat thai ran, do d6 ca ché hap
phu vat ly déng vai trd quan trong trong viéc st dung vat
liéu lam chat hap phu.
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|N-O stretching

C
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Hinh 4. Hinh anh nhém chiic bé mat cla chat thai ran

3.4.2. Dién tich vé mdt va phén bé 16

budng hap/nha N, va phan bé 16 cla than sinh hoc sau
qua trinh khi héa vé hat mic-ca dugc thé hién trong hinh 5.
Pudng hap/nha N, clia chat thai ran tuong déng véi dudng
loai IV trong phan loai ctia IUPAC chiing to vat liéu cé nhiéu
vi mao quan va do réng x8p I6n. Bang 2 tom tét téng dién
tich bé mat (Sg), téng thé tich mao quan (Vq,,), dudng
kinh 16 X6p (Dpean pore) dUGC UGC tinh bang phuong phép
BET, cing nhu dién tich vi mao quan (Sy;.,) va thé tich vi
mao quan (V.. dugc xac dinh bang phuong phép t-plot
cho chat thai ran.
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Hinh 5. Butng hadp/nha N, va phan b 16 x0p cla chat thai ran

Sger Clia chat thai ran dat gid tri cao 783,04m?/g. Ngoai
ra, Swicror Vivicro V@ Dinean pore CUNG dat cac gid tri cao, 1an luot la
567,13m?%/g va 0,29cm?/g, 2,42nm.
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Bang 2 Dién tich bé mt va thé tich mao quan cla chat thai ran

SBET vTotaI SMit:m vMicro Dmean pore
(mYg) | (am¥/g) (m¥g) (cm*/g) (nn)
783,04 0,47 567,13 0,29 242

C6 thé khang dinh rang chat thai ran c6 d6 x8p cao, cho
thay c6 thé sit dung chat thai rdn sau qua trinh khi hoa lam
than sinh hoc va st dung nhu mét chat hap phu.

4, KET LUAN VA DE XUAT

Nghién ctu nay da khdo sat cac dac tinh clia vé clng
hat mac-ca, cling nhu kha nang tng dung vat liéu nay
trong qua trinh san xuat déng thai nang lugng va than sinh
hoc bang cong nghé khi héa. Cac két qua trén cho thay vo
cling hat méc-ca phu hop dé trd thanh nguyén liéu cho qua
trinh khi héa do c6 ham lugng tro va dé am thap. Cac két
qua phan tich SEM, BET, FT-IR clia chat thai rdn tir qua trinh
khi héa vo ciing hat mac-ca cho thay vat liéu c6 dé rong
xOp va dién tich bé mat 16n, bé mat c6 it nhdm chiic nén co
ché hap phu vat ly la cht dao. Cac két qua va dir liéu dugc
cung cap trong nghién ctiu nay c6 thé hiiu ich cho cac nha
nghién ctiu va ky su trong viéc mé hinh hoa hoac thiét ké
hé théng khi héa bén viing tir cac phu phdm néng nghiép,
nghién ctiu cing cho thdy rang chat thai ran ti qua trinh
khi héa vé cling hat méc-ca c6 thé trd thanh mot chat hap
phu hiéu qua véi chi phi thip dé ché tao va than thiét vai
mdi trudng.
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