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SUMMARY

MORINGA OLEIFERA SEED POD AND ITS APPLICATIONS
FOR ADSORPTION OF LEAD FROM AQUEOUS SOLUTION

Activated carbon was produced from Moringa Oleifera seed pod by denaturing of HsPO4 and Na,COs
(M1), for adsorption of lead (Pb) from aqueous solution. Some physiochemical characteristics of M1
were studied by Scanning Electron Microscope (SEM) and Energy-dispersive X-ray spectroscopy
(EDS) techniques. The effect of pH (3 - 7), adsorption time (30 - 180 minutes) and the amount of
adsorbent (0.025 - 0.2 grams) on Pb adsorption effeciency of M1 were also studied. The results showed
that the time to reach the adsorption equilibrium and the pH value, the optimal weight of M1 material
for the adsorption process of 50 mL of Pb (I1) solution, the 63.52 mg / L concentration was 90 minutes,
7 and 0.125grams, respectively. The maximum monolayer adsorption capacity of M1 was 78.13 mg/g,
which means M1 is able to be act as a promissing adsorbent for removing Pb from aqueous solutions.
Keywords: Activated carbon, adsorption; Moringa Oleifera Seed pod; Langmuir isotherrm; lead.

1. MO PAU nudc nhu cac phuong phap dién hoa, phuong
O nhidm moéi truong néi chung va 6 nhiém moi phap hoa hoc, phuong phap hip phu. Trong d6
truong nudc nodi riéng boi cac ion kim loai phuong phap hap phu duoc lya chon va mang
ning, dic biét 1a chi (Pb) da va dang 13 van dé lai két qua cao. Uu diém cua phuwong phép la
rat dugc quan tim hién nay khong chi ¢ Viét tan dung cic phu phdm néng nghiép, cong
Nam, ma con & nhiéu nudc trén Thé giéi. O nghiép lam vat liéu hdp phu dé xir Iy ngudn
mdi qubc gia, trong d6 c6 Viét Nam - mot nudce 6 nhiém. Hon nita ngudn nguyén ligu nay
trong nhitng quéc gia dang phat trién, viée xtr ré tién, sdn c6 va khong dua thém vao moi
Iy cac chat giy 6 nhidém vé téi ham lugng cho truong cac tc nhan ddc hai khac [1-17]. Bai
phép 1a diéu bat budc trude khi ngudn nude bao nay trinh bay két qua nghién ctru sy hip
thai dugc thai vao nguon tiép nhan. Do do6 viéc phu chi (Pb) trong moéi truong nude cua than
tim ra phwong phap nhim loai bo chung ra hoat tinh ché tao tir vo cay chum ngay.

khoi méi truong nudc c¢6 y nghia rét quan 2. THUC NGHIEM

trong. Hién nay co nhiéu phuong phap khac 2.1. Héa chét

nhau di dugc nghién ctru va ap dung dé tach Nuéc cat hai lan; NaOH rén; Na,S;Os(rén);
loai céc ion kim loai ning ra khoéi méi truong Na,COs ran; Dung dich HCI 37%; Dung dich

HsPO4 40%; Dung dich chuan Pb(NO3), 1000
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ppm 2. Tat ca hoa chit déu c6 do tinh khiét
PA cta Merck.

2.2. Phuong phap nghién ciru

2.2.1. Ché tao than hoat tinh tir vé ciy chim
ngay

V6 cdy chum ngay duogc lay tir thang 10 nim
2020 ¢ c4c ho gia dinh thuoc Thi tran Séng
Cau, Dong Hy, Thai Nguyén, duoc sir dung dé
ché tao vat liéu hap phu (VLHP).

Trudc hét rira sach vo than cdy chum ngay da
thu thap duoc bang nude may dé loai bo cac
chat bui ban, rdi ria lai nhiéu lan bang nuéc
cat. Sau d6 sdy khd ¢ 105°C trong 12h. Dé
ngudi dén nhiét do phong, nghién nho, ray dén
kich thuéc d< 1mm thu duoc nguyén liéu dau
[16], ky hiéu 1a MO, duoc sir dung dé ché tao
vt lidu hap phu.

Bién tinh nguyén liéu (M0) bang axit HsPO,
40% vai ti 18 khdi luong MO : HaP0,40% la
2:1 rdi tién hanh loai nuéc trong hdn hop bang
céch say qua dém trong tu say & nhiét d6 80°C.
Sau d6, than ho4 nguyén liéu & 450°C trong 30
phdt. Rira sach, loai b mugi than & pH=7, siy
khd & nhiét ¢6 105°C dén khdi luong khong
ddi, thu duoc vat liéu ban dau.

Tiép tuc bién tinh vat liéu lan 2 véi Na,COs
(rén) theo ti 16 khéi lugng vat liéu: Na,COs la
4:1. Hoat hod vat liéu da bién tinh & 750°C
trong thoi gian 30 phat. Rira sach, loai bo muoi
than & pH=7. Sau d6 sdy mau vira rira ¢ nhiét
d6 105°C dén khdi luong khong doi, dé ngui
vé dén nhiét do phong. Nghién nho trén ray co
kich thuéc 16 2mm, thu dwoc vat liéu hip phu
(VLHP) tir vo cdy chum ngay [16], ki hiéu la
M1. Vat liéu thu duoc, dugc dua vao tdi
Zipper va bao quan trong binh hit 4m.

2.2.2. Khdo sdt tinh chit tinh chét vit Iy, dic
diém bé mat, hinh thdi hoc ciia M0 va M1
Hinh thai hoc ciia MO, M1 dugc khao sat bang
kinh hién vi dién tir quét (SEM) JEOL JSM-
6500F hoat dong tai dién thé 15 kV. Thanh
phan cia MO, M1 duoc xac dinh bang phuong
phép phd tan xa ning luong (EDS). Cac phép
do duoc tién hanh tai Vién Ky thuat Nhiét doi -
Vién Han lam Khoa hoc va Cong nghé Viét
Nam. Nong d6 Pb truéc va sau hap phu dugc
xac dinh bang phwong phap AAS vai ki thuat
nguyén tir hda bang ngon lira trén may AAS
NovAA 400P (buc) tai khoa Hoa hoc Trudng
Pai hoc Su pham - DPai hoc Thai Nguyén.

2.3. Nghién ctru hdp phu chi theo phwong
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phap hap phu tinh

2.3.1. Khao sdt anh hwong ciia pH

Can mdi mau 0,125g vat liu M1, rdi chuyén
vao cac binh eclen ¢6 dung tich 100 mL. Thém
50mL dung dich ion Pb(Il) ¢6 nong do dau la
48,41 mg/L vao céc binh eclen trén. Piéu
chinh pH cta cac dung dich chua ion Pb(II)
dén cac gia trj tuong Gng lan luot 1&: 2,0; 3,0;
4,0; 5,0; 6,0; 7,0 bé'mg luvgng nho cac dung dich
NaOH 1M va HCI 1M. Tién hanh lic trén méay
lic trong khoang thoi gian 120 phut & nhiét do
phong (25°C+1) véi toe do lac 250 vong/phit.
Sau d6 tién hanh li tdm, phan 16p hdn hop
trong eclen vai toc do 3000 vong/phit, trong
thoi gian 10 phat. Xac dinh nong do con lai
cia Pb(I) trong dung dich thu dwoc bing
phuong phap AAS véi cac diéu kién dd chuin
hoa.

2.3.2. Khdo sdt dnh hwéng ciia thoi gian hip
phu

Can mdi mau 0,125g vat liéu M1, roi chuyén
vao cac binh eclen 100 mL. Thém 50mL dung
dich ion Pb(Il) c6 ndng d6 dau 1a 56,02 mg/L
vao mdi binh. Piéu chinh pH cua cic dung
dich chira ion Pb(II) dén gia tri pH 5 bang céac
dung dich NaOH va HCI. Tién hanh lic trén
may lic vé6i tée do lac 250 vong/phit trén may
lic trong khoang thoi gian khac nhau tir 30 +
180 phut ¢ nhiét d6 phong (25°C+1). Sau d6
tién hanh 1i tim dé phan 16p hdn hop va xac
dinh noéng d6 con lai cua Pb(Il) trong dung
dich thu dugc tuong tuy nhu phﬁn 2.3.1.

2.3.3. Khdo sdt anh huéng ciia khéi lwgng vit
ligu M1

Pua vao cac binh eclen 100mL nhiing khoi
lwong khac nhau cua vat liéu M1 (thay d6i 1an
luot tir 0,025- 0,2g). Thém tiép vao mdi binh
eclen trén, 50mL dung dich Pb(ll) c6 ndng do
dau 14 63,52mg/L. Diéu chinh pH cua cac dung
dich chira ion Pb(IT) dén gia tri pH 5 bang cac
dung dich NaOH va HCI. Tién hanh lic trén
méy lic véi toc do lac 250 vong/phat. Sau do
tién hanh 1i tim dé phan 16p hdn hop va xac
dinh ndéng do con lai cua Pb(Il) trong dung
dich thu dugc twong ty nhu phan 2.3.1.

2.3.4. Khdo sdt anh hwéng ciia nong dp

Cho vao mdi binh tam giac 0,125g vat liéu M1
va 50mL dung dich Pb(ll) ¢6 ndng d6 dau thay
d6i lan lugt 1a: 44,77, 76,59; 98,97; 126,81;
142,04; 176,81; 213,86; 221,13; 252,95 (mg/L)
(da duoc xac dinh chinh xac néng do). biéu



chinh pH cua cic dung dich chtra ion Pb(II)
dén gia tri pH 5 bang cic dung dich NaOH 1M
va HCI 1M. Tién hanh lic trén may lic véi tbe
d6 l4c 250 vong/phut. Sau d6 tién hanh li tim
dé phan 16p hén hop va xac dinh nong do con
lai cua Pb(Il) trong dung dich thu duogc tuong
tu nhu phan 2.3.1.
- Dung luong héap phu tinh theo cong thirc [1, 3, 5]:
- (Co- ch) v
q =

m
Trong d6: V 1a thé tich dung dich (1), m la
khdi luong chat hip phu (g), Co 1a ndng do
dung dich ban dau (mg/1), Cep, 12 ndng d6 dung
dich khi dat can bang hap phu (mg/l), q la
dung luong hap phu tai thoi diém cén bang
(mg). ,
- Dung lugng hap phu cyc dai dugc xac dinh
theo phuong trinh hdp phuy Langmuir dang
tuyén tinh [1, 3, 5]:

Co_1 1

O O GacD
Trong d6: qmax 1a dung lugng hap phu cuc dai
(mg/g), b 14 hing s6 Langmuir.
3. KET QUA VA THAO LUAN
3.1. Két qua khao sit dic diém bé mit, thanh
phén ciia nguyén li¢u MO va vat li¢u M1
Dic diém bé mit, thanh phan cua nguyén liéu MO
va vat liéu M1 dugc khao sat qua anh SEM va
phd EDS. Két qua duoc chi rra trén céc hinh 1-4.

SEI 10kV WD1 l;rrn 830
11T VKTRD,”

SE1/ “ekv,” WD16mm SS30 x500/ " 50pum
ITT- VKTND 1 =

Hinh 2. Anh SEM cza vat liéu M1
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Tir hinh 1, 2 nhan thiy vo cdy chim ngay
sau khi duoc hoat hoa bang HsPO, va Na,CO3
da co6 hinh thai hoc bé mat thay ddi rd rét so
v6i khi chua hoat hoa. Cu thé, trude khi hoat
héa (hinh 1), mau nguyén liéu vo cay chum
ngay (MO) c6 bé mat nhin, kém xdp. Sau khi
duogc hoat hdéa hai budc HsPO,; va Na,COs
(hinh 2) da hinh thanh cac mao quéan dang 16p,
tao nén nhiéu khoang trong, ting do xbp bé
mit trén bé mdt hon dan dén tiém ning tng
dung lam chat hip phu tot hon.

Hinh 3. Phé dé EDS ciia nguyén liéu MO
Bdng 1. Két qua phdn tich EDS nguyén liéu MO

Nguyén to % Khoi % Nguyén tir
lwong
C 55,06 63,82
o) 27,25 23,71
Mg 0,30 0,17
Fe 0,18 0,04
N 9,15 9,10
S 0,48 0,21
Cl 0,13 0,05
Ca 2,51 0,87
Al 0,42 0,22
2,83 1,01
P 0,84 0,38
Si 0,83 0,41
Téng cong 100,00 100,00

Hinh 4. Phé dé EDS cua vdt liéu M1




Bdng. Két qua phan tich EDS vt liéu M1

A ok % Khoi . e
Nguyén to lwgng "0 Nguyén tir
C 90,75 93,60
O 7,15 5,54
Ca 0,48 0,15
P 0,44 0,17
S 0,3 0,11
K 0,13 0,04
Si 0,2 0,09
Na 0,55 0,3

Tong cong 100,00 100,00

Két qua phan tich pho tan xa nang luong EDS
duogce chi ra trong céc hinh 3,4 va cic bang 1, 2.
Két qua phan tich cho thdy mau nguyén licu
MO c6 ham luong carbon tinh theo % khdi
lwong 14 55,06%, lwong oxy tinh % khéi lugng
la 27,25%. Mau vat lieu M1 c6 ham lugng
carbon tinh theo % khdi lugng la 90,75%,
luong oxy tinh theo % khdi lwong 13 7,15%.
Diéu d6 cho thiy, ham lugng C cua vat lidu
M1 (90,75%) cao hon rat nhiéu so véi nguyén
liéu MO (55,06%); con ham lugng O cia vat
lisu M1 (7,15%) thap hon rat nhiéu so véi
nguyén licu MO (27,25%). Nhu vy, mau vt
litu M1 c6 ham lugng carbon cao va ham
lwong oxy thip dugc cho 1a miu c6 tiém ning
hip phu hiéu qua trong viéc loai bé phdm
nhudm, ion kim loai nang, trong d6 c6 Pb(II)
va cic chat hitu co khac gy chit 6 nhidm
trong moi trudng nudc.

3.2. Mt s6 thong so vat Iy ciia vat liéu M1
Bdng 3. Két quda mét sé thong sé vat Iy ciia vt

liéu M1 (n=3)

Do tro (%) 2057 + 1,06
Do 4m (%) 1,47 + 0,02
Khéi lwong riéng (g/cm?) 1,42 + 0,05

Theo tiéu chuan qudc gia TCVN 9068/2012 quy
dinh vé& than hoat tinh ¢6 kha ning xir Iy nudc
thai: Do 4m khong vuot qua 8%; Khéi luong
riéng 16n hon 0,336 g/cm?; Ti 1€ tro cang lon
cang cho hiéu qua hép phu cao. Tir bang 3 cho
thay cac thong sd vat 1y cua vat liéu M1 dat tiéu
chuan TCVN 9068 quy dinh vé than hoat tinh
nén dugc su dung trong viée xu ly nudc.

3.3. Chi s6 iot ciia vt liéu M1

Chi s6 6t 1a mot tham sb co ban duoc st dung
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dé danh gia kha nang hap phy cua than hoat
tinh. Tham s6 nay l1a thuéc do ham luong
mesopores cua than hoat tinh (vat liéu) bang
cach hip phu iét trong dung dich. Céc
mesopores ¢6 kha ning lam thay doi dién tich
bé mat riéng cua than hoat tinh duoc tao ra
trong qua trinh hoat hoa bang axit va bazo. Két
qué tinh dugc chi sé iot cua M1 13 889 mg/g,
I6n hon so véi TCVN 9068/2012 (chi s idt
I6n hon 500mg/g). Do d6 vat ligu M1 ché tao
dugc c6 kha nang hip phu tét va duoc ding xir
Iy nudce thai. Vi vay, M1 duoc st dung lam
vat ligu nghién ciu kha nang hap phu Pb(ll)
trong moi trudng nudc.

3.4. Xac dinh diém ding dién cia vat liéu M1
Chuan bj cac dung dich NaCl 0,1M ¢6 pHpq
dugc diéu chinh tang dan tir 3 dén 11 bang cac
dung dich HCl 1,0M va dung dich NaOH
1,0M. Lay 09 binh tam gidc c6 dung tich
100mL, cho vao mdi binh 0,05g vat liéu M1.
Sau d6 cho lan lugt vao cac binh tam gidc
50mL dung dich ¢6 pHpq ting dan da chudn bi
& trén. Dé yén trong 48h, sau d6 dem loc qua
gidy loc bang xanh, lay dung dich va xac dinh
lai pH (pHe) ctia cac dung dich trén. Sy chénh
léch gitra pH ban dau pHee va pH can bang
(PHe) 13 ApH = pHyg — pHev, v& d0 thi biéu
dién sy phu thudc cia ApHvao pHua, diém
giao nhau ctia duong cong vdi truc hoanh ung
v6i toa do ma tai do gia tri ApH =0 cho ta
diém dang dién can xac dinh. Két qua tir hinh 5
xéc dinh duoc diém delmg dién cua vat li€u M1
bang 6,34. Didu nay cho thiy khi pH< pHaa thi
bé mat vat lisgu M1 tich dién duong, khi pH >
pHaa thi bé mat vat lisu M1 tich dién am. .

400

pH(ba)-pHi(ch)

0.00
0.00 2.00 4.00 8.00 10.00 12.00
1.00

-2.00

300
pH(bd)

Hinh 5. D6 thi xdc dinh diém ding dién ciia M1
3.5. Két qua nghién ciru sy hip phu chi ciia
vét ligu M1 theo phwong phap héip phu tinh



3.5.1. Két qua khdo sdt anh hwong ciia pH
Két qua khao sat anh hudng cia pH dugc chi
ra ¢ hinh 6:

Hinh 6. D6 thi anh hwéng ciia pH dén qua

trinh hdp phu Pb ciia vt liéu M1

Tir hinh 6 cho thay khi pH ting hiéu suat hip
phu va dung luong hip phu déu ting. Trong
khoang pH tir 2 + 5, hi¢u suat hap phu chi Pb
(I1) cwta M1 ting nhanh khi ting pH (58,97-
96,36%); trong khoang pH tir 5 + 7 hiéu suat
hip phu Pb ciia cia M1 gan nhu khong doi
(96,36 - 96,89%). Piéu nay c6 thé giai thich
nhu sau: khi gia tri pH < pHaa, bé mat M1 tich
dién duong do c6 su hap phu ion H*. Vi vay,
xuat hién lyc day gitra ion Pb(Il) va bé mit
chat hap phu. Ngoai ra, & pH thip hon, ndng
d6 ion H* 16n xay ra su hap phu canh tranh véi
cac ion khéc tich dién duong tai cac trung tim
hap phu. Do d6, hiéu suit hap phu thip & gia
tri pH thip, & gia tri pH > pHaa bé mat M1 tich
dién am do hép phu OH". Do vay lya chon pH
t6i wru cho qué trinh hip phu 12 6,5.
3.5.2. Két qud khdo sdt thoi gian cin bing
hip phu
Két qua khao sat thoi gian can bang hép phu
duogc chi ra ¢ hinh 7 cho thdy, trong khoang
thoi tir 0 - 30 phit hiéu suat hip phy ting
twong dbi nhanh; tir 30 - 90 phdt ting chdm
hon, trong khoang thdi gian 90 - 180 pht hiéu
sut hap phu gan nhu khong thay doi va dat gia
tri cuc dai. Do vay, lya chon thoi gian dat can
bang hip phu 1a 90 phut. Két qua nay duogc st
dung cho céc thi nghiém tiép theo.

o 50 100 150 200
Théi glan (phut)

Hinh 7. S phu thudc Qiita hiéu sudt hap phu
Pb ciia M1 va thoi gian
3.5.3. Két qui Khdo sdt anh hwong ciia khoi
lwong vat ligu M1
Két qua & hinh 8 cho thdy khi ting khi lwong
vat lieu M1 tir 0,025 dén 0,125g hiéu suat hap
phu Pb cua M1 tang.
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Hinh 8. Si phu thudc hiéu sudt hap phu chi
Va0 khoi heong vt liéu M1

Diéu nay c6 thé Ii giai do sy tang 1én cua dién
tich bé mat va su ting 1én ctia sé vi tri cac tam
hip phu. Nhung dung luong hap phu lai giam
1a do dung luong hap phu ti I& nghich véi khdi
lwong. Tuy nhién trong khoang khéi luong M1
tang tir 0,125 - 0,20 g, hiéu suat hip phu gan
nhu khong dbi va dat gia tri I6n nhat (tir 96,60
- 96,81%). Vi vay lya chon khéi lugng vat liéu
M1 bang 0,125 g cho cac nghién ciu tiép theo.
3.5.4. Khdo sdt dnh hwéng ciia nong dp Pb
ban dau

Két qua & bang 4 cho thdy khi ting nong do
chit bi hip phu thi hiéu suit hip phu giam va
dung luong hép phu Pb ting. Tir cac két qua
thuc nghiém thu duogc khi khao sat anh hudng
ctia ndng d6 dau cua dung dich Pb dén dung
lwong hip phu cta vat liéu M1, tién hanh khao
sat can bang hap phu theo mo hinh déng nhiét
hap phu Langmuir (hinh 9). Tir hinh 9 x4c dinh
dugc dung lwong hép phu cuc dai, Qmax =78,13
mg/g va hing sé b = 0,24 (L/g).

Bdng 4. Sy phu thugc cua hiéu sudt va dung

leong hap phu vao néng dé Pb cua vat liéu M1

Co (mg/L)Ceb (mg/L)H (%)lq (mg/g)Ce/q (g/L
44,77 1,07 |97,60| 17,48 0,06
76,59 2,09 |97,27| 29,80 0,07
98,97 3,10 [96,86| 38,35 0,08
126,81 8,75 [93,10| 47,22 0,18
142,04 | 10,05 |92,92| 52,79 0,19
176,81 20,34 |88,49| 62,59 0,32
213,86 | 34,22 |83,99| 71,85 0,47
221,13 | 4559 |79,38| 70,21 0,64
252,95 67,77 |73,20| 74,07 0,91
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Hinh 9. Su phu thuéc ciia Cen /g Va0 Cop doi véi
sw hdp phu chi cua vat lieu M1
4. KET LUAN
1. Ba ché tao thanh cOng vat than hoat tinh vo
ciy chum ngiy hoat hoa bang HsPO; 40% va
Na,COs(ran).
2. Pa x4c dinh dugc dic diém bé mat, thanh
phin cia M1 qua anh hién vi dién tir quét
(SEM) va pho tan xa nang lugng (EDS).
3. Pa xé4c dinh dwoc mot sé théng sb vat Iy cua
than M1: Do am 1a 1,47 %, do tro 1a 29,57 %,
khéi lugng riéng 1a 1,42 glcm?, chi s6 iot bang
889 mg/g.
4. Pi khao sat duoc mot sé yéu té anh hudng
dén kha nang hap phu Pb ciia M1 theo phwong
phap hap phu tinh cho két qua: Thoi gian dat
can bang hip phu 1a 90 phit. pH hép phu tdt
nhét dbi voi Pb 1a 6,5. Trong khoang khéi
luong vat li¢u hép phu khéo sat, khéi luong vat
liu t6i wu 1a 0,125g, Khi ting ndng do Pb
trong khoang nong d¢ khao sat thi hiéu suit
hép phu giam, dung lwong hip phu ting.
5. Qué trinh hdp phu Pb trén vat liéu M1 tuan
theo phuong trinh ding nhiét hip phu
Langmuir va xac dinh dugc dung lugng hap
phu cuc dai dbi véi Pb cua M1 13 78,13 mg/g
va hang sé b = 0,24 (L/g).
Nhu vay viéc su dung vét licu M1 ché tao tir
vo cdy chum ngay dé hip phu Pb cho két qua
t6t. Cac két qua thu duogc s& 1a co s6 cho dinh
hudng nghién ciru nham g dung vat lidu ché
tao tor vé cay chum ngdy trong viéc xu ly
ngudn nudc bi 6 nhiém cac kim loai doc hai
nodi riéng va cac cac chit thai doc hai noi
chung.
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