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TOm tat

Nghién cizu xir Iy nuéce thai Methylene Blue (MB) bang vat liéu sinh hoc duoc diéu
ché tir vé hat Macadamia bai cac qua trinh than hoa, hogt hoa va bién tinh. Két qua nghién
citu cho thdy khd ndng hap phu MB cia than hogt tinh véi tac nhan héa hoc K2COs dat
19/261,52mg MB & cdc diéu Kién toi wu nhue 1y 1é KoCOs = biochar = 1:1, nhiér dg 650°C va
thoi gian nung 60 phat; than bién tinh véi tac nhan héa hoc HNO3 dat 193,13mg/g ¢ nong
dé 21% va thoi gian bién tinh 12 gio. Kha ndang xit Iy mau MB cua biochar chi dat 64,62%
tai pH = 10, liéu hrong 1g/L va thoi gian xi# ly 120 pht; bén canh dé than hogt tinh tir vé
Macadamia véi tac nhan K»COs dat hiéu sudt xi Iy mau MB tét nhdt 1a 98,55% ¢ cdc diéu
kién t6i wu nhuw pH = 9,5, lieu heong 0,8g/L va thoi gian xiz 1y 45 ph(t; than bién tinh tir than
hogt tinh bsi tac nhan HNO3 dat hiéu sudt xiz Iy mau MB tét nhat 1a 79,36% tai pH = 9,5,
lieu lwong 1g/L va thoi gian xi Iy 120 phat, fuong iing véi dg mau 406 Pt-Co.

Tor Khoa: Macadamia, methylene blue, than bién tinh, than hogat tinh

Abstract

METHYLENE BLUE ADSORPTION ABILITY OF BIOLOGICAL
MATERIALS PRODUCED FROM MACADAMIA NUTSHELL

Research on wastewater treatment of Methylene Blue (MB) by biological materials
produced from macadamia nutshell by processes of carbonization, activation and
modification. The study results showed that the MB adsorption ability of activated carbon
with K2COz reached 19/261.52mg MB under optimal conditions such as the ratio of K.COa:
biochar = 1:1, the temperature was 650°C and heating time for 60 minutes; modified carbon
with HNOgz reached 193.13mg/g at a concentration of 21% and the denaturation time was 12
hours. Biochar's MB color processing ability is only 64.62% at pH = 10 and the dosage is
1g/L in 120 minutes; Besides, activated carbon from Macadamia nutshell with K>COs
achieved the best MB color treatment efficiency of 98.55% under optimal conditions such as
pH = 9.5, the dose of 0.8g/L and the processing time is 45 minutes; modified carbon by HNOs
from activated carbon achieved the best MB color treatment efficiency of 79.36% at pH =
9.5, the dose is 1g/L in 120 minutes, corresponding to the color of 406 Pt-Co.
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1. Pit van dé

Than hoat tinh c6 dién tich bé mat cao (500-2500m?/g) va c6 cAu tric xdp khong dong
nhat Iam cho chiing c6 kha ning hap phu tét (Lé Huy Du, 1984; Okman va cs., 2014). Vit
liéu duoc sir dung trong nhiéu linh vuc nhu xir Iy nudc thai, loai bo cac khi doc hai trong
khéng khi, thu hdi dung mdi, loai bo mau va cai thién nuéc ngim (Okman va cs., 2014).
Tinh chat hip phu cta than hoat tinh thuong chiu anh huéng bai nhiéu yéu té nhu dic diém
két cdu, nhom chiic bé mat (Juan va cs., 2014), dién tich bé mat, ham luong tro,...
(Kwaghger and Ibrahim, 2013). Vat liéu san xuét ra than hoat tinh thudng sir dung 2 nguén
chinh Ia than va phé pham néng nghiép c6 d6 cing va do xp cao nhu xo dira (Namasivayam
and Kavitha, 2002), vo trau (Awwad va cs., 2010), than tre (Wang va cs., 2008).

Bé mit than hoat tinh c6 thé bién tinh thich hop dé thay ddi dic diém hap phu va
lam cho than tro nén thich hop hon trong cac tng dung dac biét. Sy bién tinh bé mit than
hoat tinh c6 thé duoc thyuc hién bang su tao thanh cac dang nhém chuac bé mat khéac nhau.
Cac nhom chie nay duoc lién két va duoc giir ¢ canh va goc caa 16p vong thom, va baoi
vi thanh phan céc canh va goc nay cha yéu 1a bé mat hap phu, nén nguoi ta hi vong khi
bién tinh than hoat tinh s& thay doi dic trung hap phu va tuong tac hap phu cua c4c than
hoat tinh nay. Thém vao do6, sy bién tinh bé mit than ciing duoc thyc hién bang qué trinh
khir khi va bang viéc mang kim loai 1én bé mat (Bansal and Goyal, 2005; Harry and
Francisco, 2006; Yang and Kheireddine, 2007).

Tai Viét Nam, cdy Macadamia duoc trdng trai dai tir mién Bic dén mién Nam
(Nguyén Cdng Tan, 2009). Udc tinh nam 2020, dién tich st dung dé trong Macadamia Ién
t6i 10.000 ha, d6i véi mdi tan hat Macadamia tao ra 70-77% vé (Georgiou va cs., 2003).

Trong vo Macadamia c6 nhiéu tinh ning hap dan dé lam nén than hoat tinh nhu
ham lugng Carbon (47-49%) cao hon lugng Carbon c6 trong tre (45,53%) (Daud and Ali,
2004) va tuong duong véi lugng Carbon trong gao dira 48,63% (Kobya, 2004). Ngoai ra
trong vo con chira ham lugng Oxi 46,52%, Hidro 6.10%, Nito 0,36% va ham lugng tro
turong ddi thap chi 0,22% (Toles va cs., 1998), diéu nay cho thay hat Macadamia ¢ tiém
nang tr¢ thanh than hoat tinh nho nhiing dac tinh néu trén.

Do @6, than hoat tinh sinh hoc dugc lam tir vé Macadamia theo phuong phéap hoa hoc
st dung tac nhan K>COs dé hoat hoa (goi t4t 1a than hoat tinh); than bién tinh duoc diéu ché
tir than hoat tinh K»COs st dung tac nhan hoa hoc HNOs dé bién tinh (goi tit 13 than bién
tinh). Bén canh do, cac vat liéu sinh hoc dugc didu ché tir vo hat Macadamia dugc nghién
ctru khao sat kha nang hip phy mau Methylene Blue trong nuéc thai dét nhuém gia dinh.

2. Phwong phap nghién ciru
2.1. Phuwong ti¢gn nghién ciru

— Dbi twgng nghién ctu: Methylene Blue (C16H1sCIN3S.3H20, 99%, Trung Quéc)
c6 ndéng d6 70mg/L (twong (g 406 Pt-Co duoc xac dinh theo TCVN 6185:2005).
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— Hoéa chat nghién ctiru: NazHPO4.12H,0 (Trung Quéc, 98%), KH2PO4 (Trung Quéc,
98%), K2COs (Trung Quéc, 99%), HNO;3 (Trung Quéc, 63%), HCI 1N (Trung Quéc).

— Vit liéu nghién ciru: Vo hat Macadamia duoc thu hoach tai tinh Lam Bong.

2.2. Bé tri thi nghiém

2.1.1. Thi nghiém 1: Piéu ché than hoat tinh sinh hoc tir vé Macadamia

V6 Macadamia sau khi duoc dap, raa sach va say & nhiét d6 110°C trong 48 gio s¢
duoc nung & nhiét 6 350°C trong 60 phat (Doan va cs., 2018). Ty 1é ngadm tam biochar
Vi tac nhan K>COs la 1:1 va thoi gian hoat hoa trong 60 phut. Nhiét @6 hoat hoa cua vat
liéu duoc khao sat tir 350 dén 800°C (Hamand va cs., 2011; Okman va cs., 2014).

2.1.2. Thi nghiém 2: Piéu ché than bién tinh tir than hogt tinh

Than hoat tinh dwoc ngam tam trong dung dich HNO3 ndng d6 21% véi ty 1é than
hoat tinh va dung dich HNO3 la 1:5 (Vinke va cs., 1994; Huang va cs., 2009). Thoi gian
bién tinh duoc khao sét tir 4 dén 24 gio (budc nhay 12 4 gio) (Huang va cs., 2009; Nguyén
Van Huong, 2017).

2.1.3. Thi nghiém 3: Khdo sat kha nang hap phu mau Methylene Blue cia than coc
Macadamia, than hogt tinh va than bién tinh

Nong d6 MB duoc dung dé khao séat kha ning hap phu cua cac vat liéu 1a 70mg/L.
Thoi gian xir ly MB cua céc vat liéu duoc khao sat tir 0 dén 135 phut. Sau khi loai bo phan
ran, dung dich con lai dugc do bang may UV-Vis dé xac dinh hiéu suat hap phu mau MB
ctia cac vat lidu da duoc diéu ché.

2.3. Cac phwong phap danh gida

— Xac dinh pH duoc do truc tiép bang may do pH Mettler Toledo (2017) .

— Xac dinh d6 mau theo TCVN 6185:2005.

— X4c dinh sy quan sat bé mat bang kinh hién vi dién tir quét SEM (Scanning
Electron microscope).

— Xéc dinh chi sé hap phu Methylen Blue theo tiéu chuan GB/T 12496.10 — 1999.

3. Két qua va thao luan

3.1. Két qud diéu ché than hogt tinh tir vé Macadamia

Két qua nghién cau tir hinh 1 cho thay trong khoang nhiét d6 tang dan tir 350-800°C,
d6 hap phu MB dat cao nhat lan luot tai cac nhiét d6 650°C (261,52mg MB/g than), 700°C
(264,55mg MB/g than) va 750°C (265,06mg MB/g than). Tuy nhién, & nhiét ¢o 800°C
than bi tro héa hoan toan, & nhiét d6 650°C, 700°C va 750°C hiéu suit than lan luot Ia
11,87%, 6,23% va 2,7%. VVay két qua nghién cau cho thay ¢ ty 18 1:1 va nhiét d6 650°C,
vt liéu dugc diéu ché tét nhat tai nghiém thic nay.
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Hinh 1. Két qud xdc dinh nhiét do téi wu theo dé hdp phu Methylene Blue

Két qua nghién cau khao sat kha nang hip phu MB cua than hoat tinh diéu ché tir vo
hat Macadamia c6 d6 hap phu tt hon so véi cac nghién ciru khac nhu két qua nghién ciu
(Vadivelan and Kumar, 2005) vé vé triu dat 40,59mg/g; két qua nghién cau (Malik va cs.,
2007) vé kha ning hap phu MB cua vo cam dat 18,6mg/g hay két qua nghién ciu (Janos
va cs., 2003) vé vat liéu tro bay dat 75,52mg/g; két qua nghién cau (Hameed and Ahmad,
2009) khi sir dung vo toi dé hap phu mau MB dat hiéu qua 82,64 mg/g hoac két qua nghién
ctu (Uddin va cs., 2009) sir dung 14 tra, dat duoc do hap phu twong dong 1a 85,16mg/g.

Két qua nghién ctiu cho thay, than hoat tinh duoc diéu ché tir vo hat Macadamia bang
tac nhan hoa hoc KCOj3 véi do hap phu tot nhat dat 261,52mg/g ¢ nhiét d6 650°C trong
thoi gian 60 phut.

3.2. Két qud diéu ché than bién tinh tir than hoat tinh
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Hinh 2. Két qud xdc dinh thoi gian phan ing téi wu theo dé hdp phu Methylen Blue
Theo két qua nghién ctu tir hinh 2, khao sat anh huong caa thoi gian phan tng dén
quéa trinh bién tinh tr 4, 8, 12, 16, 20 va 24 gio. Do hap phu MB ting dan tir 4-8 gio
(180,02mgMB/g than va 190,44mgMB/g than), dat cao nhét tai thoi gian bién tinh 12 gio
(193,13mg MB/g than), va giam dan tir 16, 20 va 24 gid (187,03mg MB/g than, 187,03mg
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MB/g than va 185,42mg MB/g than). Vay két qua nghién cttu cho thay & thoi gian bién
tinh 12 gio 1a két qua tét nhat.

Két qua nghién ciru khao sat kha nang hap phu MB cua than bién tinh Macadamia
c6 d6 hap phu tét hon so véi cac nghién ciru nhu két qua nghién ctu (Vadivelan va Kumar,
2005) khi sir dung vo trau dé hap phu mau MB dat hiéu qua 40,59mg/g; két qua nghién
ctu (Shi va cs., 2010) khi sir dung ¢6 nén dé hap phu mau MB dat hiéu qua 192,30mg/g;
két qua nghién ciru (Bulut va Aydin, 2006) khi sir dung vo lta mi d¢é hip phu mau MB
dat hiéu qua 21,5mg/g.

Vay than bién tinh dwoc diéu ché tir than hoat tinh K2CO3 bang tac nhan hda hoc
HNO3 vé6i do hap phu tét nhat dat 193,13 mg/g tai nong d6 HNOs 21% va thoi gian ngam
tam HNOs la 12 gio.

3.3. Két qud phan tich SEM
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Hinh 3. Két qua phan tich SEM cua than cac vat lidu
(a) vé Macadamia; (b) biochar; (c) than hogt tinh; (d) than bién tinh
Theo két qua nghién ciru tir hinh 3 cho thiy c6 su khac nhau trén bé mat vat liéu
gitta mau vo hat Macadamia, mau biochar, mau than hoat tinh va mau bién tinh. Ban dau,
bé mit vo Macadamia (Hinh 3a) tron nhén, 15 rdng trén vat liéu khdng nhiéu, diéu nay
cho thdy bé& mit con tho, chua duoc xir ly. Két qua chup SEM mau biochar (Hinh 3b) cho
thdy, bé mat vat liéu da c6 sy bién doi nhét dinh, bé mat tré nén go ghé, hinh thanh maot
lwong 15 rdng nhat dinh trén bé mit do tac dong tir nhiét do va thoi gian nung trong diéu
kién yém khi lam bay hoi nhitng hop chat dé bay hoi trong vat liéu.
Két qua nghién cau tir hinh 3c cho thay trén bé mit vat liéu hinh thanh nhiéu 16 rdng,
ngoai ra con ¢ nhiéu 15 rdng li ti, két qua nay co duoc do i dn mon vao sau bén trong bé
mit vat liéu cua tac nhan hoat hda K2COs, cong thém diéu kién hoat hda tbi wu tao nén.

87



Tap chi Khoa hoc Pai hoc Thii Ddu M6t S0 4(65)-2023

Bén canh do, két qua phan tich SEM mau than bién tinh (Hinh 3d) cho thay trén bé
vt liéu hinh thanh nhiéu 16 rdng, tuy nhién trén bé mat vat liéu tron nhin, khéng cé cac 15
rong li ti, két qua nay c6 duoc do sy an mon bé mit va sau bén trong vat liéu cua tc nhan
bién tinh HNOs, khién kha nang hap phu cua vat lidu thap di so vai than hoat tinh ban dau.

3.4. Pdnh gid khd ning hap phu mau Methylene Blue ciia céc vt ligu
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Hinh 4. Anh ueong cua thoi gian 1én kha nang xi 1y mau MB cua biochar

Két qua nghién ctu tir hinh 4 cho thay thoi gian xu 1y 120 phat phd hop nhat dé
biochar xtr Iy mau, két qua xu 1y dat hiéu suét 64,62%, cao hon so véi thoi gian xir 1y 0,
30, 60, 90 va 105 phut (49,81%; 53,20%; 60,79%; 62,69% va 62,84%) phat va hiéu suat
giam tai thoi gian xu ly 135 phat (63,18%).

So véi mot sé nghién ctru trude day nhu két qua nghién cau (Garg va cs., 2004) cho
thay kha nang hap phu MB cua than hoat tinh tir mun cua c6 hiéu suat xir ly cao hon, dat
tGi 74%; két qua nghién cau (Husseien va cs., 2007) cho thay hiéu suat xt ly MB cuaa
than hoat tinh tir rom lta mach dat 74%; két qua nghién ctu (Cherifi va cs., 2013) cho
thay hiéu suat xir Iy MB ciia than hoat tinh tir bot bién thuc vat dat twong duong 14 82%.

Két qua nghién ciru cho thay, biochar dugc didu ché tir vo hat Macadamia c6 kha
nang xt Iy mau Methylene Blue. Tuy nhién hiéu suat xt ly khong cao, vi vdy can sir dung
cac tac nhan hoa hoc dé hoat hoa va bién tinh than céc Macadamia nham nang cao kha
nang hap phu cia vat liéu sinh hoc ¢6 nguén goc tir vo Macadamia.
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Hinh 5. Anh hirong cua thoi gian 18n kha ndng xir Iy mau MB cua than hogt tinh
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Két qua nghién cau tir hinh 5 cho thay thoi gian xir Iy 45 phat phi hop nhét dé xur
ly mau, két qua xir 1y dat hiéu suat 98,55%, cao hon so véi thoi gian xu ly 0 va 30 pht
(77,13% va 95,86%) va b&o hoa tai thoi gian xir Iy 60 phut (98,55%), sau d6 hiéu suat xu
ly giam dan & thoi gian 75 phat (97,62%), 90 phut (96,30%) va 120 phut (94,55%).

So véi mot sé nghién ciru trude day nhu két qua nghién ciu (Gercel va cs., 2007)
cho thay sau 60 phut xir ly, hiéu suat xir Iy MB cua than hoat tinh tir cAy Euphorbia rigida
c6 hiéu suat xir Iy trong duong 14 98%; két qua nghién ctu (Daud va Ali, 2004) cho thay
sau 180 phut xt ly, hiéu suat xtr ly MB cua than hoat tinh tir vé dira dat 90%.

Két qua nghién ctu xac dinh thoi gian xur Iy 45 phit 1a diéu kién téi vu dé xir ly
mau MB. Qua d6 cho thiy than hoat tinh duoc nghién ctru diéu ché tir vo hat Macadamia
bang tac nhan hoa hoc K,COj3 c6 kha nang xir Iy mau MB trong nuéc thai dét nhuom.
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Hinh 6. Anh hieong cua thoi gian 18n kha ndng xik Iy mau MB cua than bién tinh

Két qua nghién ciu tir hinh 6 cho thay thoi gian xtr Iy 120 phat pht hop nhat dé xi
ly mau, két qua xir Iy dat hiéu suat 79,36%, cao hon so véi thoi gian xir ly 0, 30, 60, 90 va
105 pht (66,97%, 72,05%, 74%, 74,06% va 75,56%) va bdo hoa tai thoi gian xu Iy 135
phut (79,02%). Két qua nghién ctru xac dinh 120 ph(t Ia thoi gian téi wu dé xir Iy mau MB.
Qua d6 cho thay than bién tinh c6 kha ning xir Iy mau MB trong nudc thai dét nhuom.

So véi mot sé nghién ctru trude day nhu két qua nghién ciu (Garg va cs., 2004) cho
thdy hiéu suat xir Iy MB ciia than hoat tinh tir min cua c6 hiéu suat xu Iy thap hon, chi
dat 74%; két qua nghién cau (Husseien va cs., 2007) cho thay hiéu suat xir Iy MB cuaa
than hoat tinh tir rom lta mach dat 74%; két qua nghién ciu (Cherifi va cs., 2013) cho
thy hiéu suat xir Iy MB cuia than hoat tinh tir bot bién thuc vat dat twong duong 14 82%.

Két qua nghién cau khao sat kha nang xtr Iy mau Methylene Blue tir 3 loai vat liéu:
biochar, than hoat tinh va than bién tinh cho hiéu suat xu Iy lan luot 12 64,62%, 98,55%
va 79,36% tai diéu kién tbi wu. Can ctr va két qua phan tich SEM va két qua khao sét su
anh huong cua thoi gian dén kha nang hip phu cua vat liéu cho thay, vai hiéu suat xir ly
mau MB tbt nhat, than hoat tinh c6 kha ning (g dung trong xir 1y nudce thai dét nhuém
tot hon so véi 2 vat ligu con lai.
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4. Két luan

Két qua didu ché céc vat liéu cho thay, than hoat tinh sinh hoc dwogc diéu ché thanh
cong tir phé pham ndng nghiép 1a vo Macadamia sir dung tac nhan hoat hda K2.COs c6 kha
nang hap phu téi da trong 60 phut, d6 hap phu MB dat t6i 261,52mg/g. Bén canh d6 than
bién tinh sinh hoc tir than hoat tinh K2COs str dung tac nhan HNO3 véi cac diéu kién bién
tinh téi vu nhu ndng d6 21%, thoi gian bién tinh 12 gio, do hap phu MB dat 193,13mg/g.

Két qua xac dinh anh huong cua thoi gian xur 1y dén kha nang hip phu cua céc vat
liéu cho thay, trong 120 phut vat liéu biochar va bién tinh da diéu ché c6 kha nang xt ly
MB (ndng d6 70mg/L) dat hiéu suat lan luot 12 64,62% va 79,36%, trong 45 phut vat lidu
hoat tinh ¢ kha nang xu 1y dat hiéu suat téi 98,55%.

Can ctr vao cac két qua nghién ciru cho thay, o diéu kién téi uu, than hoat tinh dugc
hoat hda bai tac nhan héa hoc K2COs ¢6 kha niang xir Iy mau MB tét hon so véi biochar
va than bién tinh bai tac nhan hoa hoc HNOs.
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