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CHE TAO THAN TU BA PAU NANH, NGHIEN CUU KHA NANG HAP PHU
Cr (VI) CUA THAN CHE TAO PUQC

Vatsana Inthapasong, Vii Thi Hau"
Truong Pai hoc Su pham - DH Thai Nguyén

TOM TAT

Bai bao nay trinh bay cac két qua ché tao than tir b dau nanh bang phuong phap than hda va khao
sat mot s yéu td anh huong dén kha nang hap phu Cr(VI1) cua than ché tao dugc. Cac thi nghiém
hip phu duoc tién hanh véi céc thong sé sau: khdi lwong than ba dau: 0,05 g/25mL; téc do lc:
200 vong/pht; thoi gian dat can bang hap phu 1a 90 phat ¢ nhiét d6 phong (25+1°C); pH hip phu
t6t nhat 1a 2,0. Trong khoang nhiét do khao sat tir 303 + 323K, su hap phu Cr(VI) trén than ba dau
1a hap phu héa hoc. Khao st theo mé hinh dang nhiét hap phu Langmuir két qua nghién ciru cho
thiy dung lugng hip phu cuc dai cua than ba dau déi Cr(V1) 1a 37,04 mg/g & 298K.

Tiwr khoa: hdp phu; Cr(VI); than; ba ddu nanh; kém clorua
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PREPARATION OF CHARCOAL FROM SOYBEAN RESIDUE AND STUDY
ON ABSORPTION CAPACITY FOR Cr(VI)
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ABSTRACT

Charcoal was fabricated from soybean residue by carbonization using activating agent of zinc
chloride. Some factors affected to absorption capacity of it was investigated. The experiments for
studying the absorption were carried out with some parameters: the absorbent mass of 0.05 g/25
mL; shaking rate of 200 rounds/min; time for absorption equilibrium of 90 mins at room
temperature (251 °C); Optimal pH for absorption of 2.0. The temperature range of 303 + 323K,
the absorption of Cr (VI) onto the absorbent is chemical absorption. By investigating the
absorption using Langmuir adsorption isothermal model showed that the maximum adsorption
capacity to Cr (VI) was 37.04 mg/g at 298K.

Keywords: adsorption; Cr(VI); charcoal; soybean residue; zinc chloride

Received: 09/5/2020; Revised: 28/5/2020; Published: 29/05/2020

* Corresponding author. Email: vuthihaukhoahoa@gmail.com

432 http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/

Vatsana Inthapasong va Dtg

Tap chi KHOA HQC & CONG NGHE PHTN

225(06): 432 - 438

1. Mé dau

Hién nay, & Viét Nam van dé 6 nhim méi
truong nudc con xay ra khd nghiém trong.
Theo mdt s6 nghién ctru [1], [2] thi ham lugng
cac kim loai néng trong nudc thai cia cac lang
nghé tai ché kim loai, nhiéu khu cong nghiép
hau hét déu cao hon tiéu chuan cho phép nhiéu
lan va déu thai truc tiép vao moi trudng ma
khong qua xu ly. Pay la nhitng nguy co gay 6
nhiém dat va cac ngudn nudc mit trong khu
vuc. O nhiém kim loai nang trong nudc anh
hudng truc tiép t6i sitc khoe con ngudi ciing
nhu méi truong séng tu nhién.

Nudc thai c6 crom sinh ra trong qué trinh ma
crom, thy dong hoa ma kém, ma déng va hop
kim ctia chung. Cr (VI) ¢6 tinh doc rat manh
nhu: gay loét da day, rudt non, viém gan, viém
than, ung thu phoi... Phuong phap xu 1y nudc
thai crom c6 nhiéu loai, chi yéu la phuong
phap hoa hoc, phuong phap dién phan, phuong
phap trao d6i ion, phuong phap hap phu than
hoat tinh,... Loai bé Cr ra khdéi mdi truong
nudc bang phu’(mg phap hép phu st dung than
ché tao tir cic ngudn khac nhau di duogc cac
nha khoa hoc trong va ngoai nudc quan tdm
nghién curu [3]-[9].

DPau nanh hay con goi 1a d6 tuong (soyabean),
tén khoa hoc Glycine max thudoc ho Dau
(Fabaceae), 12 ngii cdc rat giau chit dam duogc
xem 1a mot ngudn cung cap protein hoan chinh
vi n6 chira mot luong dang ké cac amino axit
khong thay thé can thiét cho co thé. Do ning
sudt kha cao, gia tri dinh dudng tét, dau nanh
duoc canh tac rit nhiéu dé 1am thic an cho
ngudi va gia sic. Tuy nhién, sau mdi lan ché
bién thanh thyc pham, mot s6 bd phan cua dau
nanh nhu ba dau nanh, vé dau nanh,... lai bi
loai bo. Bai bdo nay trinh bay cac két qua ché
tao than tir ba dau nanh va khao sat kha niang
hap phu Cr (VI) cia san pham.

2. Thuc nghiém

2.1. Héa chit va thiét bi nghién ciru

Héa chit:

KoCr07; dung dich ZnCl, 95%; dung dich
NaOH 0,1M; dung dich HCI 3M; 0,1M; dung
dich Na;COs 0,1M. Tét ca héa chat néu trén
déu c6 do tinh khiét PA, xuat st Trung Qudc.
Thiét bi nghién ciru: Can phan tich 4 s Precisa
XT 120A-Switland (Thuy Si), bép cach thiy,
10 nung Carbolite (Anh), may lic IKA HS-260
(Malaysia), may do pH Precisa 900 (Thuy S7),
ti sdy Jeitech (Han Qudc), may do quang UV-
Vis 1700 Shimadzu (Nhat Ban).

2.2. Ché tgo vit liéu hip phu

Chudn bi nguyén liéu

Nguyén liéu dugc sir dung trong bai bao nay
1a ba dau nanh lay & xudng san xuat dau phu
& phudng Gia Sang, thanh phd Thai Nguyén.
Rura sach phan nguyén liéu da chuan bi bang
nuéc cat, say khd ¢ 105°C, nghién nho, phan
loai hat véi kich thuéc d <5 mm.

Ché tao vdt liéu hap phu (than)

Tién hanh hoat hoa nguyén liéu bang ZnCl,
95% v6i ti 1& Vzne (ML): khéi lugng
nguyén liéu (g) la 1:4; 1:2; 1:1; 2:1; trdn
déu, ngdm & nhiét do phong trong 24 gio.
Hon hop dugc khudy bang may khudy tir &
90°C trong 2 gio, sau d6 say o 105°C trong
24 gity dé khtr nu6e. Tiép do, hdn hop duoc
nung & cac nhiét d6 400°C, 450°C, 500°C
trong 1 gio, rira voi dung dich HCI 3M, sau
d6 dun trén bép cach thiy ¢ 95°C trong 30
phut tiép d6 loc va rira lai bé“lng nuoc cét am
dé loai bo ion k&m du. Lay phan rin say kho
& 105°C trong 12 gio. Cudi cling nghién, ray
ta thu dugc than ba dau [10]. Ki hiéu cac
mau than b dau ché tao duogc tuong Ung véi
cac ti 1¢ trén dugc dua vao bang 1.

Bang 1. Ki hiéu cac mdu TBP

TigV: ‘mL): khéi
¢ ¥ Zncl, (L) 14 12 11 21

1:2 1:1 2:1 1:4 1:2 1:1 2:1

luong nguyén liéu (g)
Nhiét d6 nung (°C) 400°C 450°C 500°C
Ki higu miu VAL VAR VAR VADA V4Bl VAR VA3 VABA VEOL VB VAR VB
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Ngoai 12 mau TBD duoc ché tao duoc trinh
bay ¢ bang trén, bai bdo nay con nghién ciru
mau bi dau ban dau (nguyén lidu), ki hiéu
V505. Cac mau sau ché tao dugc danh gia
kha ning hap phu thong qua céc thi nghiém
khao sat kha nang hap phu dbi voi Cr(VI),
ching minh két qua qua anh hién vi dién tu
quét (SEM) va dién tich bé mat riéng (BET).
2.3. Quy trinh thwc nghiém va cac thi
nghigm nghién civu hip phu

2.3.1. Quy trinh thuc nghiém

Trong mdi thi nghiém héap phu:

- Thé tich dung dich Cr(VI): 25 mL véi ndng
d0 xac dinh.

- Lugng chét hap phu: 0,05 g.

- Thi nghiém dugc tién hanh & nhiét 46 phong
(25 £ 1°C), st dung may lic véi toc do 200
vong/phut.

2.3.2. Cac thi nghiém nghién cutu

+ Khao sat so bd kha niang hip phu Cr(VI)
ctia cdc mau than bd dau ché tao duoc: Céc
diéu kién: thé tich dung dich Cr(VI), khoi
lwong than ba dau, nhiét d6 hip phy, toc do
lic nhu ghi ¢ muc 2.3.1. thoi gian hip phu:
120 phdt; nong do dau dung dich Cr(VI1) la
49,10 mg/L.

+ Khao sat mot s yéu td anh huong dén kha
nang hap phu Cr(VI) ctia than:

- Anh huoéng cta pH: thoi gian hap phu 90
phat; pH dung dich thay dbi tir 2 dén 7; ndng
d6 dau cua Cr(VI) 1a 63,87 mg/L.

- Thoi gian dat cAn bang hap phy: sir dung gia
tri pH t6i wu da xé4c dinh & thi nghiém trudc;
thoi gian hap phu khac nhau (5 + 120 phut),
ndng do dau cua Cr(VI) 1a 49,10 mg/L.

- Anh huéng cua nhiét d9: sir dung gia tri pH;
thoi gian t6i wu dd xac dinh ¢ thi nghiém
trudc; néng d6 dau cua Cr(VI) 1a 77,13 mg/L;
nhiét d6 thi nghi€ém thay ddi 303 - 323K.

- Anh huéng cua ndng do dau Cr(VI) va xac
dinh dung lwong hip phu cuc dai: thoi gian

hép phu, khdi luong, pH tdi wu nhu da xac
dinh dugc ¢ thi nghiém trudc; néng do ban
dau Cr(VI) thay d6i tir 35,70 - 79,43 mg/L.
Nong d6 Cr(VI) trude va sau hap phu duoc
xac dinh bang phuong phap do mat d6 quang
0 budc song 540 nm.

Dung lugng va hiéu suét hép phu dugc xac
dinh theo phuong trinh (1) va (2).

_ (CO —Ct)V

oo €y
H=S0=C 1009 )
Trong do:

- gt dung lwong hip phu & thoi diém t (mg/g)
- Vi thé tich dung dich Cr(VI) duoc lay dé
hap phu (L)

- m: khéi lugng chit hap phu (g)

- H: hiéu suét hip phu (%)

- Co, Cr: n6ng d6 dau va ndng do tai thoi diém
t cua dung dich Cr(VI) (mg/L)

D}mg luong hép phu cuc dai cia than bﬁ‘ dau
doi véi Cr(VI) dugc xac dinh duz} vao d(‘)qthi
phuong trinh (3) — phu(mg trinh hap phu dang
nhiét Langmuir dang tuyén tinh:

Co _ 1 Cy + L 3)
0 O e P
Trong do:

- G, Qmax: dung lwong hip phu va dung luong
hap phu cuc dai

- Cep: ndng do tai thoi diém can bang cua
dung dich Cr(VI)

- b: hang sb

3. Két qua va théo ludn

3.1. Khdo sdt so' by khfi néng hip phu Cr(VI) ciia
nguyén liéu va cac mau than ba diu

Két qua khao sat so bdo kha niang hip phu
Cr(VI) cta pguyén li€u va cac mau TBD ché
tao dugc thé hién ¢ bang 2 va hinh 1.
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Bang 2. Két qua khdo sdt so bg kha nang hdp phu Cr(VI) ciia cdc mau

Tén mau V401 V402 V403 V404 V451 V452 V453 V454 V501 V502 V503 V504 V505

Co(mg/L) 49,10 49,10 49,10
Cw(mg/L) 38,21 27,96 19,78 20,79 40,07 3577 2158 3857 41,22 2366 9,61 37,06 46,52
H (%) 22,19 4307 59,71 5766 1839 27,15 56,06 2146 16,06 5182 80,44 2453 5,26
a0 H (%)
80,44
80
70
!g 71;-7 GE
56.06
Y 51.82
50 43.07
40
27.15
20 22.19 31.46 24.53
20 18.39 16.06
10 I I I I 5.26
D I I I I - ]
= = = = = = = = - = = = =
8 & & &8 & & & 5 8 8 8 & B
= [ o = = [ = = e oo = ol
Ten mau

Hinh 1. Biéu do so sanh hiéu sudt hd'p phu Cr(VI) cua nguyén liéu va cac mau than ba ddu
Nhan xét: Két qua ¢ bang 2 va hinh 1 cho thay, ¢ cdc nhiét do nung nghién cau thi ty I8
Vzﬂc; (mL): khéi lugng nguyén Ileu (9) 1a 1:1 luén cho méu than ba dau c6 hiéu suat hap phu
Cr(VI) cao nhat; nhiét d6 nung miu ting thi hiéu suat hap phu Cr(VI) cta than ba dau cting tang.
Két qua nay ciing phu hop véi anh SEM va dién tich bé mat riéng theo BET ciia mot s6 mau than
ba dau duoc trinh bay ¢ muc 3.2.

Hinh 2. Anh hién vi dién tir quét SEM ciia nguyén lzeu (V505) va ciia 3 mdu than ba dau
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Ciing theo két qua & bang 2 va hinh 1 cho
thy, trong cung diéu kién thi hiéu suat hap
phu Cr(V1) caa mau V503 Ia cao nhat va mau
thap nhét Ia V505 (mau khong hoat hda bang
ZnCly). biéu nay cho thiy tac dung hoat héa
cia ZnCl,, dong thoi luong ZnCl, dua vao
mau ciing phai phl hop, it (cAc mau ti 1& 1:4;
1:2) c6 thé khong du hoat héa bé mat hay
nhiéu (cac mau ti I¢ 2:1) c6 thé lam giam dién
tich bé mat nén kha ning hap phu Cr(VI)
giam. Tu két qua trén, chon mau V503 cho
cac nghién ctu khao sat mot sé yéu té anh
hudng dén qua trinh hap phu Cr(VI) caa than
ba dau dudi day.
3.2. Mot s dic trung ciua nguyén liéu va
than ba diu
Két qua xac dinh hinh thai hoc bé mat cua
nguyén liéu ban dau va caa mot s6 mau than
ba dau duoc trinh bay ¢ hinh 2.
Két qua SEM cho thay cd su khac nhau ro rét
gitta bé mat cdc mau than ba dau va bé mat
nguyén liéu, trén bé mat than ba dau xuat hién
nhiéu 16 xdp Véi kich thudc khac nhau, day
chinh 13 “trung tAm” hip phu cua than ba dau.
Hinh dang céc hat trong cac mau than ba dau
khong xac dinh, kich thudc khong dong déu.
Trong s6 3 mau than ba dau c6 hiéu suat hap
phu Cr(VI) cao nhit & ting nhiét do nghién cau,
mau V503 c6 nhiéu hat kich thudc nhé va xuét
hién nhiéu 16 xdp hon ca. Diéu nay dy doan kha
nang hap phuy cao cua mau V503.
Két qua do dién tich bé mit riéng theo
phuong phap BET ciia mau dugc chi ra &
bang 3.
Bang 3. Dién tich bé mat riéng theo phwong phdp
BET cua cac mau
Kihiéumidu V505 V403 V453 V503
Seer (M?g) 123 2321 3387 6057
Két qua bang 3 chi ra mau V503 cé dién tich
bé mat I6n nhat, mau nguyén liéu nho nhit.
Su khac nhau rd rét vé anh SEM va dién tich
bé mat riéng caa mau V503 so véi nguyén lidu
va cac mau than ba dau khac cho thy kha ning
hip phu cao ciia mau nay. Diéu nay hoan toan
phu hop véi két qua khao sat kha nang hip phu
Cr(VI) thu dugc ¢ muc 3.1 bén trén.

Két qua xac dinh diém déng dién ctia mau
V503 1a pI = 6,35. Diéu nay cho thiy khi pH
< pl thi bé mat V503 tich dién duong, khi pH
> pl thi bé mat V503 tich dién am.

3.3. Khdo sdt mét sé yéu té anh hwéng dén
khd ning hip phu Cr(VI) ciia mdu V503
3.3.1. Anh huong ciia pH

Két qua vé anh huong cua pH dén kha ning
hép phu Cr(VI) cia mau V503 duogc chi ra &
hinh 3.

g0

H (%) e

70

1 2 3 3oy 5 6
I—!inh 3. /fnﬁ huong cua pH
dén hiéu suat hap phu Cr(VI)
Két qua hinh 3 cho thay, trong khoang pH tir
| + 7 dd khao sat thi: Khi pH tang thi hiéu
suat hap phu giam, trong khoang pH tir 2+3
dung luong hap phu giam cham, khi pH > 4
thi dung lwong hap phu giam nhanh. Biéu nay
c6 thé giai thich nhu sau: O pH thap Cr(VI)
ton tai chu yéu ¢ dang HCrO4 va Cr,0-%,
do vay xay ra lyc hut tinh dién gitra bé mat
than tich dién duong va cac dang ion Cr(VI)
tich dién am nén sy hap phu Cr(VI) xay ra &
pH thap 14 thuan loi. O pH cao, dung luong
hip phu cua than déi vai Cr(VI) giam la do su
canh tranh gitra cac dang ion Cr(VI) tich di¢n
am véi ion OH" trong dung dich va lyc diy
tinh dién gitra bé mat than tich dién am véi
cac dang ion Cr(VI) ciing tich dién am.
Vi vy, di chon pH= 2 1a pH t6t nhét cho su
hap phu cua than dbi voi Cr(VI). Két qua nay
duogc st dung cho cac nghién ciru tiép theo.
Két qua thu dugc nay ciing tring hop véi
nhiéu két qua nghién ctru hip phu Cr(VI) trén
cac vat liéu khac nhau [3], [4], [6], [8].

3.3.2. Anh huong ciia thoi gian
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Két qua vé anh huong cua thoi gian dén kha
ning hap phu Cr(VI) ciia miu V503 dugc
trinh bay ¢ hinh 4.

65 H{%)

N
u

Q 20 a0 =18 80 100 120 140
Thai gian (phat)

3.3.4. Anh huong ciia nong dg Cr(VI) ban ddu
va xdc dinh dung luong hcfp phu cuc dai
Két qua vé anh huong ciia nong d6 dau dén
kha niang hap phyu Cr(VI) ciia mau V503 duoc
trinh bay & bang 5.
Bang 5. A7r’1h hwong cua }géng dé Cr(VI) ban dau
dén kha nang hap phu cia than

Co Cob ch/q

(mgll)  (mg/l) (mgig) ° ()

Hinh 4. Anh hwong cua thoi gian dén hiéu sudt
hap phu Cr(VI)
Két qua hinh 4 cho thdy: Khi thoi gian hip
phu ting thi hiéu suat hap phu ting. Trong
khoang thoi gian tir 5 + 90 phit hiéu suat hap
phu ting twong d6i nhanh va din 6n dinh
trong khoang thoi gian tir 90+120 phut. Hi¢u
sudt hap phu phu thudc vao thoi gian tiép xuc,
thoi gian tiép xtc cang nhiéu thi hiéu suat hap
phu cang cao, dén mot thoi diém nhat dinh,
hiéu suét hap phu khong ting do qua trinh hip
phu da dat c4n bang (trong truong hop nay la
90 phut). Do vdy, chon thoi gian dat cAn bang
hap phu 1a 90 phat va st dung két qua nay
cho cac thi nghiém tiép theo.
3.3.3. Anh huong ciia nhiét do
Két qua nghién ciru anh huéng cia nhiét do
dén dung lugng va hiéu suat hap phu Cr(VI)
cua than dugc trinh bay ¢ bang 4.

Bang 4 Sw phu thudc dung luong va hiéu sudt
hap phu Cr(VI) cua than vao nhiét do

35,70 13,05 11,33 6345 1,15
55,84 23,58 16,13 57,77 1,46
58,28 25,81 16,24 55,72 1,59
72,55 34,19 19,18 52,87 1,78
79,43 38,00 20,72 52,17 1,83

T Co Ceb q H
(K) (mg/L) (mg/lL) (mg/g) (%)
303 42,65 17,24 44,70
308 34,19 21,47 55,67
313 77,13 30,11 23,51 60,97
318 29,39 23,87 61,90
323 23,80 26,67 69,15

Két qua bang 4 cho thiy, trong khoang nhiét do
khao sat tir 303 dén 323K khi nhiét do tang thi
dung luong va hiéu sudt hap phu Cr(VI) cia
than déu ting. Piéu nay cho thiy qua trinh hap
phu Cr(VI) trén than 1a hp phu hoa hoc.

Céc két qua thuc nghiém ¢ bang 5 da chimg to
hiéu suit hap phu giam, dung lwong hip phu
ctia than tang khi nong d6 dau cta Cr(VI) ting.
Diéu nay 14 hoan toan phit hop véi quy luat.

Ciing tir cac két qua thuc nghiém nay, dua
vao phuong trinh dang nhiét hép phu
Langmuir dang tuyén tinh (hinh 5) tinh dugc
dung lwong hip phu cuc dai cta than déi voi

Ceb/glg/L) or .
y=0027Tx+ 0812

R+ D581 ~%

(]
*

10 15 30 35 40

ch{?n‘:.g/l)
Hinh 5. Puong dding nhiét hap phu Langmuir dang
tuyén tinh cua than doi voi Cr(VI)

Dung lugng hap phu Cr(VI) cua than ché tao
duogc cao hon so véi mot s6 than hoat tinh ché
tao tir vo lac, 14 phi lao nhung thap hon so véi
than ché tao tir vo hat ddu, than sen. Két qua
nay ciing cho thay kha ning hip phu Cr(VI)
cua cac loai than hoat tinh phu thugc vao ban
chat nguyén liéu dau ché tao than. Két qua cu
thé duoc trinh bay & bang 6.
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Bang 6. So sanh dung lwong hap phu Cr(VI) cia than ba ddu ché tao dwge véi mét sé than khéc

STT Nguyén li¢u diu ché tao than  gmax(Mg/g)  Tai liéu tham khio

1 Vohatdau 46,21 [4]
2  Vélac 16,26 [3]
3 L4 phi lao 17,20 [6]
4  Thénsen 76,92 [8]
5  Bidaunanh 37,04 Bai bao nay

4. Két luan

Pi ché tao dugc 12 mau than tir bd dau nanh
va xac dinh duoc mot s dic trung cua
nguyén liéu ban dau va cta 3 miu than bi dau
tdt nhét ché tao duwoc nhu: anh hién vi dién tu
quét, dién tich bé mat riéng; diém déng dién.
Budc dau khao sat kha nang hap phu Cr(VI)
ctia cac mau than ba dau ché tao duoc, két
qua nghién ctru cho thdy miu co ti 1& khi
luong bd dau va thé tich dung dich kém
clorua 95% 1a 1:1, nung & 500°C trong 1 gio
cho kha ning hap phu Cr(VI) cao nhat.

Sy hip phu Cr(VI) cia miu than bd dau tét
nhit da dugc nghién ciru dudi cac diéu kién
thi nghiém khac nhau. Két qua thu dugc:

- pH t6t nhét cho su hip phu 1a ¢ khoang pH ~2;
- Thoi gian dat can bang hap phu 1a 90 phiit.

- Khi tang nhiét d¢ tr 303+323K (£1K) thi
hiéu suit va dung luong hap phu ting; qua
trinh hip phu Cr(VI) trén than ba dau la qua
trinh hap phu hoa hoc.

- Theo mé hinh ddng nhiét hap phu Langmuir
xac dinh dwoc dung lugng hap phu cuc dai
ctia than ba dau déi voi Cr(VI) 1a 37,04 mg/g.
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