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Bai nghién ciiu

Nghién citu tiing dung than hoat tinh K,CO5 va bién tinh bang
HNO; tir vo Mac-ca dé€ xir ly mau Methylene Blue
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TOM TAT

Mac-ca la loai cay cho qua kho, mdi tan hat Mac-ca tao ra 70 — 77% vo. Hang ndm cac cong ty ché
bién hat & Viét Nam san xudt ra hang nghin tan hat va thai ra hang chuc nghin tan vé. Do nhu cau
tiéu thu hat Méc-ca khéng nging tang trén thi trusng, doi héi nhiéu nghién cliu chuyén sau dé
xUt ly phé phdm néng nghiép nay. Vo hat Méc-ca cé dién tich bé mat cao hon cac loai vo hat khac
va ham lugng tro clia chiing rét thap chi 0,22%, ham lugng cellulose trong vo khodng 41,2%, diéu
nay cho thdy vé Mac-ca c6 tiém nang dé diéu ché than hoat tinh khi dét & nhiét do cao. Bé mat
than hoat tinh c6 thé bién tinh thich hgp dé thay déi dic diém hap phuy, tao thanh cac dang nhom
chtic bé mat khac nhau (nhém chiic oxy, nhém chic bé mat cacbon, nhém chiic cacbon, cacbon
- nito, cacbon - halogen) va lam cho than trd nén thich hgp hon trong cac tng dung dac biét. Két
qua nghién ctu diéu ché vat liéu than bién tinh sinh hoc ti than hoat tinh K;CO3 bang phuong
phap hda hoc st dung tac nhan HNO3 véi cac diéu kién bién tinh t6i uu nhu néng do 21%, thoi
gian bién tinh 12 gid, d6 hdp phu MB dat 193,13mg/g. Két qua khao sat kha nang hap phu mau
Methylene Blue & cac diéu kién t6i uu cho thdy tai pH = 9,5 vdi liéu luong than thich hop la 1g/L
trong 120 phut cé thé x(r ly dat hiéu sudt 79.36% doi vai nudc thai Methylene Blue co néng do 70
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Tu khoa: Than bién tinh, HNO3, vé Mac-ca, hdp phu mau Methylene Blue

GIGI THIEU

Tu cudi thé ky 18 cho dén thé ky 19, than hoat tinh
dugc phat hién, nghién ctiu va ting dung dé loc sach
khi, tdy mau'. Than hoat tinh c6 thanh phan cht yéu
la cacbon chiém 85% dén 95%, thanh phén con lai 1a
cac hgp chit vo co, cb dién tich bé mdt rat 16n tit 500
- 2500 m?/ g I, Than hoat tinh dugc ché tao tit nhiing
nguyén liéu giau cacbon nhu cacloai qua, cacloai thuc
vat (g, mun cua,...), so dita, gb, mat cua, cic loai c6
ngudn gbc tit than mo nhu than antraxit, than bun,
than néu, than ban c6c¢, hodc tli cac hgp chdt hitu co
nhu polime, lignin, ddu mo,... L

Bé mit than hoat tinh c6 thé bién tinh thich hgp dé
thay d6i dac diém hép phu va lam cho than tré nén
thich hgp hon trong cac ting dung dic biét. Su bién
tinh bé mit than hoat tinh c6 thé dugc thuc hién bing
su tao thanh cdc dang nhém chiic bé mat khac nhau
(nhém chiic oxy, nhém chiic bé mat cacbon, nhém
chtic cacbon, cacbon - nitd, cacbon - halogen) 24
Céy Mic-ca la loai cay cho qua kho quy hiém, nhan
Mic-ca c6 ham lugng dau 78% véi trén 87% la axit
béo khong no, ham lugng protein trong nhén t6i 9,2%
gom 20 loai axit amin, ngoai ra nhan Mic-ca c6 chiia
nhiéu chat dudng bot, chit khoang va nhiéu loai vi-
tamin®. Vo hat Mic-ca c6 dién tich bé mit cao hon

cac loai vo hat khac va ham lugng tro ctia chiing rat
thép (dudi 1%), ham lugng cellulose trong vo 1a khd
cao chiém khoéng 41,2%, c6 thé lam than hoat tinh
khi d6t & nhiét & cao®”.

Mot trong nhiing nganh chiia nhiéu héa chit gay
6 nhiém dugc thai ra 1a nganh cong nghiép dét
nhudém®°. Nudc thai tit cac qué trinh nhu¢m dugc
thai ra v6i d6 mau kha cao '»!!. Theo nghién cttu ctia
Garg va cong su '*, d6 mau c6 kha ning lam can tré
anh sang va lam cham cac qua trinh quang hgp, tc
ché sy phat trién va sinh san cta sinh vét ciing nhu c6
khuynh huéng tao ra cac ion chelate kim loai gay doc
cho vi khuén trong nudec.

Trong nhiéu thép ki qua, than hoat tinh 1a mét trong
nhiing vat liéu hip phu théng dung nhit dé loai bo
hoan toan cac chit 6 nhiém trong nguén nudc'>13.
Vi véy, nghién ctiu Ging dung than hoat tinh K,CO3
tit vO Méc-ca va bién tinh bang téc nhan hoéa hoc
HNO3 dé xti Iy mau Methylen Blue trong nudc thai
dét nhuom dugc dé xuit.

PHUONG PHAP THUC NGHIEM

Phuong tién nghién ciu
- D6i tugng nghién ctiu: Methylene Blue - MB
(C16H3CIN3S.3H, O - MB, 99%) c6 néng d6 70mg/L

Trich dan bai bdo nay: Trung D M. Nghién ctiu iing dung than hoat tinh KO3va bién tinh bang
HNO;tir vé Mac-ca dé xit ly mau Methylene Blue. Sci. Tech. Dev. J. - Sci. Earth Environ.; 4(1):170-177.
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(tuong ting 398 Pt-Co dugc xdc dinh theo TCVN
6185:2005).

- Hoéa chit nghién ctiu: NapyHPO4.12H,0 (98%),
KH, POy (98%), HNO;3 (65%).

- Vat liéu nghién ctiu: Vo hat Maccadamia dugc thu
hoach tai tinh Ldm Dong.

Phuong phap thuc nghiém

Thi nghiém 1: Diéu ché than bién tinh bdng
tdc nhdan HNO; tirthan hoat tinh K, CO; duoc
diéu ché turvé Mdc-ca

Diéu ché than c6c: VO Mic-ca dugce dép, rua sach
bing nudc cdt va siy kho & 110°C trong 48 gid. Sau
khi xt 1y so bo, vd Méc-ca dugc than héa & nhiét do
350°C, thuc hién nung hoat hoa trong vong 60 phiit.
Lam ngudi tu nhién trong 2 gig 4.

Diéu ché than hoat tinh K,CO3: Vo Mic-ca (40g)
dugc ngam, lic véi dung dich K,CO3 véi ty 1é than
cdc: KoCO3: nude cét 1a 1:1:10ml, nhiét do hoat héa
650°C trong 60 phat. Vat liéu sau khi kich hoat dugc
rtia sach bang nudc cét (cho dén khi pH = 7) va sdy
kho & nhiét do 110°C.

Diéu ché than bién tinh HNOjz: Than hoat tinh
K,COj3 dugce khido st ndng do bién tinh bang dung
dich HNO;3 & 21% va 26% véi ty 1¢ than: HNO; la
1:51516 thei gian bién tinh ¢6 dinh & 24 gio. Vatliéu
sau khi ngam, ldc dugc loc khoi dung dich, sy kho &
110°C trong 24 gi¢ va kiém tra chi s6 hdp phu Methy-
lene Blue dé xac dinh ndng d¢ bién tinh t6t nhat. Thuc
hién khéo sit thdi gian bién tinh sau khi xdc dinh
nong d6 bién tinh t6i wu, thoi gian bién tinh dugc
khdo sat tii 4 - 24 gio (A = 4 gio) 16,17, Tuong ty, loc,
sdy kho va kiém tra chi s6 hip phu Methylene Blue dé
x4c dinh thoi gian bién tinh t6t nhat.

Thi nghiém 2: Khdo sdt kha ndng xir ly mau
Methylene Blue

PH t6i vu: Dung dich mau Methylene Blue (néng d6
70mg/L) dugc khao sat pH tii 3 - 10, ¢ dinh liéu
lugng 0,5g/L va thoi gian 30 phut '®. Dung dich dugc
hiéu chinh pH bang HCI 0,1N va NaOH 0,1N. Danh
gid hiéu sudt xt ly cta vat liéu bang phuong phap do
quang (UV-VIS).

Liéu lugng t6i uu: Liéu lugng than dugc khao sat tu
0,1 - 1g/L*? vé6i pH t5i uu va thoi gian xt Iy ¢6 dinh
4 30 phut. Xéc dinh liéu lugng x 1y t6i uu bing cach
do quang dung dich sau xt ly.

Thdi gian t6i wu: Vi pH va liéu lugng t6i uu, khao sat
kha ning xt ly MB ctia than bién tinh véi thdi gian ti
0 - 120 phut (A = 30 phut) '*1°. Dung dich sau xit ly
dugc do bing may UV-VIS d€ xdc dinh thoi gian xu
ly t6t nhit.
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Cac phuong phap danh gia

o Xéc dinh pH dugc do tryc tiép bing may do pH
Mettler Toledo (2017).

e Xéc dinh d6 mau theo TCVN 6185:2005.

o Xéc dinh nhém chtc trong phan ti bang
phuong phip phd hip thu hong ngoai FT-IR
(Fourier Transformation Infrared Spectrometer.

« Xac dinh chis6 hiap phu Methylen Blue theo tiéu
chuén GB/T 12496.10 - 1999: x4y dung phuong
trinh dudng chuén va xdc dinh chi s6 hip phu
MB cua vat liéu.

KET QUA VA THAO LUAN

Két qua diéu ché than bién tinh HNO; tu
than hoat tinh K,CO;

Khdo sdt néng dé thich hop dnh huéng dén
qud trinh bién tinh

Két qua tii Hinh 1 cho thdy véi néng d6 dung dich
HNO3 21% va 26% trong thoi gian ngdm trong 4 gio,
mobi nghiém thic l3p lai 3 14n, kiém tra chi s6 hdp phu
MB dugc thuc hién 13p lai 3 14n nhdm tinh todn do
léch chuén cho thi nghiém. D6 hip phu MB dat cao
nhit tai ndng d6 21% véi 184,11mg MB/g than va thip
hon tai ndng do 26% véi 181,04mg MB/g than. Két
qua nghién ctu cho thdy, noéng d¢ dung dich HNO3
21% 1a toi uu.

Két qua nghién ctu diéu ché than bién tinh tu than
hoat tinh K,CO3 bang tic nhin héa hoc HNO3 ¢6
kha ning hip phu MB cao hon so véi cac nghién ctiu
khac nhu két qua nghién ctiu ctia Ghaedi va cong sy 2
khi stt dung than hoat tinh diéu ché tit cam thao dé
loai bé MB cho két qua hip phu cta than dat duge do
hép phu 82,9mg/g; két qua nghién ctiu ciia Mahapatra
va cOng su 21 cho két qua hép phu MB than hoat tinh
ti bun thai cong nghiép ché bién thyc phim va do
hép phu dat 23,6mg/g hay két qua nghién ctiu cia Han
va cdng su 22 bio cdo vé vo nga c6c dat do hdp phu
t6i da dat 26,3mg/g va theo két qua nghién ctiu ctia
Han va cong su?® da nghién ctiu thanh cong vé kha
nang hip phu cta 14 cay phuong c6 d6 hip phu 1én
tGi 89,7mg/g; theo bdo cdo nghién citu ctia Dogan va
cong sy > vé kha nang loai bd mau MB ctia vo qué phi
dat 38,22mg/g.

Khdo sdt thoi gian phdn ing anh huéng dén
qud trinh bién tinh

Két qua nghién ctiu tit Hinh 2, khao sat thoi gian phan
ung anh hudng dén qua trinh bién tinh tu 4, 8, 12,
16, 20 va 24 gid. D6i v6i mdi mbc thoi gian bién
tinh, thi nghiém dugc ldp lai 3 14n va tuong tu cho
qua trinh kiém tra chi s6 hdp phu MB. D6 hip phu
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Hinh 2: Két qua xac dinh thdi gian phan Ung t6i uu theo d6 hap phu Methylen Blue

MB ting dén tit 4 - 8 gid (180,02mgMB/g than va
190,44mgMB/g than), dat cao nhat tai thoi gian bién
tinh 12 gi¢ (193,13mg MB/g than), va giam dan tii 16,
20 va 24 gi6 (187,03mg MB/g than, 187,03mg MB/g
than va 185,42mg MB/g than). Vay két qua nghién
ctiu cho théy & thoi gian bién tinh 12 git 1a két qua t6t
nhit.

Két qua nghién ctu khao sat kha ning hdp phu MB
ctia than bién tinh Mic-ca ¢6 do hdp phu t6t hon so
v6i cac nghién ctiu nhu két qua nghién ctiu ctia Vadi-
velan va cong su?° khi stt dung vé trdu dé hip phu
mau MB dat hiéu qua 40,59mg/g; két qua nghién ctiu
ctia Shi va cong sy ?° khi st dung cd nén &€ hdp phu
mau MB dat hiéu qua 192,30mg/g; két qua nghién citu
ctia Bulut va cong sy’ khi stt dung vo lia mi dé hdp
phu mau MB dat hiéu qua 21,5mg/g.

Vay than bién tinh dugc diéu ché ti than hoat tinh
K,COj3 béng tic nhin héa hoc HNO3 vé6i d6 hép phu
tot nhdt dat 193,13mg/g tai néng d6 HNO3 21% va
thoi gian ngdm tdm HNOj3 1a 12 gio.

Két qud phan tich anh SEM

Két qua chyp SEM mau than hoat tinh va bién tinh t6t
nhét dugc thé hién 6 Hinh 3 (a vad b). Vi mau than
hoat tinh t6t nhat (Hinh 3 a), trén bé mat vat liéu hinh
thanh nhiéu 16 rng, ngoai ra con cé nhiéu 16 rong i ti,
két qué nay c6 dugc do su dn mon vao sau bén trong
bé mat vat liéu cta tac nhan hoat hoa K,CO3, cong
thém diéu kién hoat hoa t6i vu tao nén.

Bé mait vat liéu mau than bién tinh t6t nhit (Hinh 3 b)
hinh thanh nhiéu 16 réng, tuy nhién trén bé mat vat
liéu tron nhdn, khong c6 cac 16 rong li ti, két qua nay
c6 dugc do sy an mon bé mit va sdu bén trong vat
liéu ctia tac nhén bién tinh HNOj3, khién kha ning
hap phu cua vt liéu théap di so véi than hoat tinh ban

dau.

K&t qua khao sat kha nang xt ly cia than
bién tinh trén mau Methylene Blue
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Hinh 3: Két qua phan tich SEM clia céc vat liéu (a) Than hoat tinh; (b) Than bién tinh
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Hinh 4: Két qua xac dinh su anh hudng ctia pH Ién hiéu suat xt ly mau MB

Khdo sdt pH thich hop cho qud trinh xir ly

Thi nghiém dugc thuc hién 13p lai 3 14n cho méi gid
tri pH dugc khao sit dé tinh todn gid tri trung binh
va d¢ 1éch chudn cho nghiém thiic. Két qua khao sat
budc dau cho thdy tai pH 10 hiéu sudt xt ly t6t, tién
hanh khéo sét 2 can pH (A = £0,5) d€ xéc dinh pH ti
uu.

Két qua nghién ctiu '® vé kha ning hip phu mau MB
ti vat liéu nghién ctu va so véi két qua nghién ctiu
tiHinh 4 cho thdy véi khoang pH dao dong ti 9; 9,5;
10 va 10,5; hiéu suét xt Iy dat mtic trung binh 14n lugt
14 50,15%; 56,88%; 53,24% va 49,72%. Qua d6, ta thdy
tai khodng gia tri pH = 9,5 1a khoang pH dat hiéu suét
xt ly cao nhit.

Két qua nghién ctiu thu dugc c6 kha nang xtt ly cao
hon so véi cac nghién ctu khac nhu két qua nghién
ctiu than hoat tinh 1am tif cuéng bong 28 cho théy hi¢u
sudt loai bé mau ctia than cudng bong chi dat 37,92%,

173

so sanh két qua véi két qua nghién ctiu ctia Husseien
va cong su 29 kha nang hap phu ctia rom laa mach déi
v6i dung dich cé chtia mau MB tai pH = 11, hiéu suét
xt ly clia rom Iia mach dat dén 74% xt ly mau.

Két qua nghién ctiu cho théy than bién tinh dugc diéu
ché tit vo Mac-ca c6 kha ning xtt Iy mau MB t6t nhét
tai khoang pH = 9,5. Tuy nhién, phai khao sat thém
yéu t6 liéu luogng va thoi gian d€ tang kha ning xti ly

mau cla vat liéu.

Khdo sdt liéu luong than bién tinh thich hop
cho qud trinh xtr ly

Thi nghiém xac dinh liéu lugng t6i uu dugc lap lai 3
14n d6i v6i mai gid tri khao sat, két qua cudi cting dugc
tinh bang gid tri trung binh. Liéu lugng than t6t nhét
dugc tim thdy la 1g/L, tién hanh khao sat thém 2 cin
(A =+0,05g/L) dé xac dinh dugc liéu lugng t6i uu.



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Trdi ddt va Méi truong, 4(1):170-177

Khio sit liéu hrong t6i wu
100
¥ oo Y
£ 80 65876 7238—¢913
< sg28 6214 61.56 63.56 65.30
B 54,51 =%
& 43.57 4452 4790
2 40 =
=
wn
g » =
T
0.10 020 030 040 050 060 070 080 090 095 100 1.05
Li#u hrong than (g/L)

Hinh 5: Két qué xac dinh sy anh hudng cla liéu lugng [én hiéu suat xt ly mau MB

Tt két qua nghién ctiu'® va so v6i Hinh 5 cho théy tai
liéu lugng 1g/L than phtt hgp nhat d€ xi ly mau, két
qua xt ly dat hiéu sudt 72,38% cao hon so véi cac liéu
lugng con lai. Theo két qua nghién ctu ctia Uddin va
cong su?, kich ¢d 16 rong va lugng than 12 hai yéu t6
anh hudng dang ké dén kha nang hdp phu mau MB.
Béng cach lam ting dién tich bé mat vét liéu hdp phu
thi khé ning hdp phu dugc ting dang ké.

Két qua nay c6 su tuong dong véi két qua nghién
ctiu?® khi st dung than tli cuéng bong dé hip phu
mau MB dat hiéu sudt xt 1y 37,92%. Ngoai ra, so v6i
mot s6 nghién ctiu trude day nhu két qua nghién ctu
ctia Daud va cong su>! cho thdy véi liéu lugng 0,3g/L
xt Iy hiéu sudt xti Iy MB clia than hoat tinh tli vo diia
dat 91%.

Két qua nghién ctiu cho théy than bién tinh dugc diéu
ché tu than hoat tinh Mac-ca c6 kha nang xtt ly mau
MB t6t nhét tai khoang pH t6i uu 9,5 va liéu lugng
1g/L. Tuy nhién, can khdo sit thoi gian xi ly nham
tang hiéu sudt xt ly ctia than bién tinh dugc diéu ché.

Khao sdt thai gian thich hop cho qud trinh xda
ly

Thuc hién 14p lai 3 1an d6i véi tiing moc thoi gian xu
Iy, két qua cudi cting dugc tinh bdi gia tri trung binh
ctia cdc két qua va tinh toan do 1éch chuén cho qua
trinh khao sat. Tai 120 phut, hiéu suit xt ly dat cao
nhat, thuc hién thém 2 cin thdi gian (A = 15 phut)
dé xac dinh dugc thoi gian xu ly t6i vu.

Két qua nghién ctu tit Hinh 6 cho théy thoi gian xt
ly 120 phut phu hgp nhat dé xt Iy mau, két qua xu
ly dat hiéu suét 79,36%, cao hon so véi thoi gian xt
ly 0, 30, 60, 90 va 105 phut (66,97%, 72,05%, 74%,
74,06% va 75,56%) va bao hoa tai thoi gian xt ly 135
phit (79,02%).

So v6i mét s6 nghién ctu trude day nhu két qua
nghién cttu'” cho thiy hiéu suét xit Iy MB cfia than
hoat tinh tit mun cua c6 hiéu sudt xu ly thap hon, chi
dat 74%; két qua nghién ctiu cta Husseien va cdng
su?? cho théy hiéu sudt xtt Iy MB ctia than hoat tinh tu
rom lda mach dat 74%; két qua nghién ctiu ctia Cher-
ifi va cong su>? cho théy hiéu sudt xit ly MB clia than
hoat tinh tit bot bién thuc vat dat tuong duong 12 82%.
Két qua nghién ctu xdc dinh tai pH 9,5, liéu lugng
1g/L va thai gian xt Iy 120 phut la cac diéu kién t6i
uu d€ xti Iy mau MB. Qua d6 cho thdy than bién tinh
dugc nghién ctu diéu ché tit than hoat tinh Mic-ca
bang tic nhin hoa hoc HNOj3 ¢ kha nang xt Iy mau
MB trong nudc thai dét nhuém.

KET LUAN

Két quéa nghién ctiu diéu ché vét liéu than bién tinh
sinh hoc ti than hoat tinh K, CO3 béng phuong phap
héa hoc stt dung tac nhan HNO;3 véi cac diéu kién
bién tinh t6i uu nhu néng d6 21%, thoi gian bién tinh
12 gio, do hdp phu MB dat 193,13mg/g. Két qua xac
dinh ba yéu t6 anh huéng 1én hiéu suét cho thdy tai pH
= 9,5 v6i liéu lugng than thich hgp la 1g/L trong 120
pht co thé xu ly dat hiéu suét 79.36% déi véi nude
thai Methylene Blue c6 néng d6 70 mg/L.

XUNG POT LO1 iCH

Tuyén bé vé quyén lgi: Tac gia xdc nhan hoan toan
khong c6 xung dot vé quyén lgi.

PONG GOP CUA TAC GIA

Tac gia Bao Minh Trung diéu ché vétliéu va phén tich
két qua thi nghiém, soan ban thao.

LO1 CAM ON

Tac gia xin chan thanh cam on Truong Pai hoc Tha
Déau Mot va S6 Tai nguyén Moi Trudng tinh Binh
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Hinh 6: K&t qua xac dinh su anh hudng ctia thoi gian lén hiéu suat xdr ly mau MB

Duong da ho trg thiét bi va hoa chit nghién ctiu.
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Research application of K,CO; activated coal coal and processing
by HNO; from cake shoulder to process Methylene Blue color

Dao Minh Trung®

E!Eé&%
NN
%\\\——— ABSTRACT
[ T T Macadamia is a tree that produces dried fruits, with each ton of macadamia seeds producing 70 -
77% of the shell. Annually, the grain processing companies in Vietnam produce thousands of tons
Use your smartphone to scan this of seeds and release tens of thousands of tons of shells. As the demand for macadamia nuts is
QR code and download this article constantly increasing in the market, more in-depth studies are needed to handle this agricultural

residue. Macadamia shell has a higher surface area than other seed pods and their ash content is
very low at only 0.22%, the cellulose content in the shell is about 41.2%, this shows that Macadamia
shell has the potential to prepare activated carbon when burning at high temperatures. The acti-
vated carbon surface can be modified appropriately to change adsorption characteristics, forming
different types of surface functional groups (oxygen functional groups, carbon surface functional
groups, carbon functional groups, carbon - nitrogen, carbon - halogen) and make coal more suit-
able for special applications. Results of researching to prepare bio-denatured material from acti-
vated carbon K,CO3 by chemical method using HNO3 agent with optimal denaturing conditions
such as concentration of 21%, denaturation time of 12 hours, degree MB adsorption reached 193.13
ma/g. The results of methylene blue adsorption adsorption tests at the optimal conditions show
that at pH = 9.5 with the appropriate dose of coal is 1g/L in 120 minutes, it can be processed to
reach 79.36% efficiency for water. Methylene Blue waste is 70 mg/L.

Key words: Modified activated carbon, HNO3, Macadamia shell, adsorbed in Methylene Blue color

Thu Dau Mot University

Correspondence

Dao Minh Trung, Thu Dau Mot
University

Email: rungdm@tdmu.edu.vn

History
e Received: 30-12-2019

o Accepted: 30-3-2020
o Published: 30-6-2020

DOI :10.32508/stdjsee.v4il.534

‘ '.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

" =
Cite this article : Trung D M. Research application of K,CO; activated coal coal and processing by

— HNO; from cake shoulder to process Methylene Blue color. Sci. Tech. Dev. J. - Sci. Earth Environ.;
VNU-HCM Press 4(1):170_177.

177
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