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ABSTRACT

Rice husk is an agricultural byproduct that is produced in huge
quantities during the rice milling process. Following the trend of utilizing
agricultural waste, rice husk is activated by many activators to synthesize
heavy metal ion adsorbent materials. This work presents the results of
the study on the adsorption of nickel ions (Ni**) by activated rice husks.
The husk was activated by three agents (NaOH, acetic acid, and H»O5),
which removed 73.29 percent of the hemicellulose and 60.25 percent of
the ligin (calculated by the Chesson-Datta method). The influence of
time on the adsorption capacity of Ni°* ions of activated rice husks was
carried out with an initial concentration of Ni** ions of 160mg/L and a
pH of 55 The concentration of adsorbent was 1,0 g.L”. After 80
minutes of adsorption, the equilibrium adsorption capacity reached
33.33 mg.g". The maximum adsorption capacity calculated by the
Langmuir adsorption model was 57.46 mg.g”. Three kinetic models
(Lagergren's apparent first-order kinetics, second-order apparent
kinetics and Webber-Morris internal diffusion kinetics) were also studied
and analyzed.

Gidi thiéu chung

loai ndng [4,5]. M6t trong nhiing phuang phap xUr ly
daon gidn va hiéu qua la phuong phéap hap phu. Trong

O nhiém méi trudng bdi cac kim loai nang da thu hut
sU chu y I6n cla nhiéu nha nghién ctu vi déc tinh va
khong phan huy trong hé sinh thai [1-3]. Nudc thai co
chtra kim loai ndng tU cac hoat dong khac nhau (vi du:
trong nudc sinh hoat, nudc thai cdng nghiép va néng
nghiép) da gay & nhiém moi trudng nudc (ca nudc mat
va nudc ngém) nghiém trong. Cac nganh cong nghiép
khai thac, d6 trang stc, pin Cd-Ni, hgp kim, luyén kim
va ma kim loai 1& ngudn & nhiém chinh chira chira kim

nhitng ndm gan day, xu hudng tan dung nhiing phé
pham ndng nghiép gid thanh thap, co khd nang phan
hdy sinh hoc cao [6, 7] nhu vo trdu, vo lac, vo cac loai
hoa qud, mun cua, biomass, ..da va dang dugdc quan
tdm va day cling la mét gidi phap han ché su phét thai
chét thai ran néng nghiép sau thu hoach. Mét trong
nhiing phé phu phdm néng nghiép c6 san luong xa
thai nhiéu nhéat la vo trdu. Thanh phan hda hoc chd
yéu cla vo trau gom cellulose (25-35%), hemicellulose
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(18 - 21%), lignin (26 - 31%), silica (15 - 17%), soluble (2
- 5,0%), and moisture (7,5%) [7]. Nghién cltu nay trinh
bay két qud nghién clu khad nang hap phu ion nickel
(Ni?*) clia vo trdu dudc hoat hda bdi NaOH, acitic acid
va H.O, thong qua cac mé hinh hdp phu dang nhiét
va cac md hinh déng hoc ca ban.

Thuc nghiém va phuang phap nghién cdu
Héa chat

Ni(NO3),.6H,0 98%, Dimetyl glyoxim (C4HsN.O, 98%,),
(NH4)25:08 98%, Natri hydroxit (NaOH 5%), acid acetic
CH;COOH 99,5%, H.0, 30%, Amoniac 99%, H.SO4 1N
va HaSO4 5N, v trdu kho.

Hoat héa Vo trdu

Vo trdu t dugc hoat hoa bdi tac nhan kiém NaOH, acid
acetic va tac nhan oxi hda H.O, dé tang hiéu qua hap
phu céc ion kim loai chuyén tiép [8,9]. Qui trinh hoat
hda vé trdu nhu sau:

Budc 1 (Lam sach vo tréu): VO trdu dudc cit nho vdi
kich thudc nhét dinh, sau do dudc ria bang nudc cat
nhiéu lan va dugc sdy qua dém & 60°C.

Budc 2 (Loai bd hemicellulose): Cho 10 gam vé trdu
vao 200 mL NaOH 5% va thém 6 mL axit axetic
99,5%,khudy manh trong 4 gid tai nhiét dé phong.
Budc nay dugc 1ap lai cho dén khi dung dich gén nhu
khéng mau (khoang 5 1an). Sau do, gan, rita chét rén.

Budc 3 (Loai bo lignin): Chét ran dugc thém 10mL H.O;
30% va 190mL nudc cat roi khudy manh trong 4 gid tai
nhiét d6 phong. Lap lai budc nay cho dén khi vo tréu
c6 mau gan nhu tréng (khodng 3 1an ). H.0; loai bd
ligin theo ca ché oxi hda. H.O, phan hly thanh gdéc
HO® va Géc tu do nay phé huy lién két gitta ccas phan
tr ligin vai cellulose [8]

Budic 4: Sdy san pham vo trdu sau hoat héa qua dém &
60°C. Bao quan mau trong binh kin.

Xdc dinh thanh phdn héa hoc cua vé trdu thé va vo
trdu hogat hod

Thanh phan hoa hoc clia vo trdu thé va vo trdu sau
hoat hoa dugc xac dinh theo phuang phap Chesson-
Datta [10], cu thé nhu sau: 1,0 g mau vo trau thod, kho
hay vo trau hoat hoé (ki hiéu a gam) dugc ngam trong
150 mL nudc cét & 100°C trong 1 gid). Sau do chét rén
dugc ria, sdy kho trong 24 gig & 120°C dén khéi lugng
khong déi (ki hiéu b gam). Tiép theo, b gam dugc

ngam trong 150 mL H,SO4 IN & 100°C trong 1 gid.
Chét ran duac loc, rira Ki bang nudc cét va sdy trong
24 gid & 120°C dén khéi luong khong déi (ki hiéu ¢
gam). Sau do, ¢ gam dugc ngam vdi 10 mL H,SO4 5N
& nhiét do phong trong 4 gig. Thém tiép 150 mL
H>SO4 IN vao hdn hap va tiép tuc dugc ngdm & 100°C
thém 1 gi¢ na. Chat ran sau do dugc rira nhiéu lan
bang nudc cét, sdy trong 24 gid & 105°C dén khdi
lugng khéng déi (ki hiéu d gam). Cudi cung chét ran
(d) sau khi dugc boc kin nhiéu I6p bang gidy nhom)
dugc nung trong 10 nung & 400°C trong 5 gid cho dén
khi thanh tro cé khéi lugng tuong Uing e gam.
Phén tram hemicenllulose, celluloseva lignin dugc tinh
nhu sau:

% hemixenllulose = (b — ¢)/a x 100%

% cellulose = (c — d)/a x 100%
% lignin = (d —e)/a x 100%

Thuc nghiém khdo sdt kha néng hdp phu NE*
Cdch tién hanh

Cac thuc nghiém hép phu dugc tién hanh 13c diéu
nhiét & 30°C (303K) vdi téc db 150 vong/phdt. Thuc
nghiém x&c dinh khd nang hép phu va déng hoc hép
phu dudc tién hanh nhu sau: 150mg vo trdu hoat hoa
(hay vé trdu thd) dugc thém vao 150mL dung dich ion
Ni* (dung dich Ni(NOs)2) & néng dé 160ppm, pH = 5,5
(pH tu sinh clia dung dich Ni?* 160ppm). Thai gian tién
hanh qua trinh hdp phu tir 0 cho dén 100 phdt. C& sau
10 phut hdp phu, 1,0 mL dung dich ion Ni** dugc léy ra
dé phan tich ndng doé con lai sau qua trinh hdp phu.

1.2

1.0 Abs = 0.0135"C + 0.0288
R*=0.9997

(I) 1‘0 2Iﬂ 3‘0 4‘0 5‘0 SID 7‘0 8‘0 20
C yiz. (PPM)

Hinh 1: Budng chuén xéc dinh néng dé dung dich

ion Ni**

Péi vdi thuc nghiém xac dinh mé hinh ddng nhiét hap
phy, 50mg vo trdu hoat héa dugc thém vao 50mL
dung dich ion Ni#*.Néng dé ion Ni‘*ban dau dugc
thay déi tir 40 ppm cho dén 160ppm, pH = 5,5. Thai
gian tién hanh hép phu trong 100 pht (thdi gian ma
qué trinh hap phu dat can bang).
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Noéng dé dung dich ion Ni°* trudc va sau hdp phu sé
dugc phan tich theo phuong phap phd hap thu UV —
Vis tai budc séng 563 nm sau khi dung dich ion Ni¢*
dugc tao phuc véi thudc thir dimetylglyoxim theo ti 1é
pht hgp. Budng chudn xac dinh ndng dé dung dich
ion Ni¢* theo phuang phap phd hp thu UV — Vis tai
budc séng 563 nm dudc trinh bay trén hinh 1

Cdng thuc tinh dung luong hdp phu theo thoi gian g
(mg.g’) va dung luong hdp phu cdn bdng ge (mg.g™).

(Co—ce).V (Co—cCt).V

=7 va -
Qe - G

Trong do6, Co, Ci, Ce (Mmg.L™") I&n luct la ndng doé ion
Ni* tai thai diém ban dau, sau khi hdp phu tai thoi
gian tva hép phu dat can bang. V (L) la thé tich dung
dich ion Ni¢* va m (g) la khéi lugng vo trdu hoat héa
(hay vo tréu thd) nghién clu.

Cdc phuong trinh hdp phu dang nhiét:

Phuong trinh hdp phu dang nhiét Langmuir:
KLCe
1+Kj,Ce

Je= Jmax

Phuang trinh hdp phu déng nhiét Freundlich:
Qe= KF.C:/n
Phuang trinh hdp phu dang nhiét Tempkin:

Qe = B In(Kr.Ce)  (trong do B = RT/br)

Trong dd, gmax (Mg.g™") la dung lugng hép phu cuc dai;
K, Kr va Br lan lugt la hang s6 hdp phu Langmuir,
Freundlich va Tempkin. Ti s& 1/n la hé s& Freundlich
phan anh ban chét hda hoc clia su hdp phu; R 1a hang
s6 khi (R = 8,314 Jmol" K); T la nhiét d6 cla qué trinh
hép phu (T = 303K).

Phuong trinh dong hoc hép phu

Bong hoc bac 1Lagergren: In(ge-qy) = Inge —ki.t
F_t+ 1

Pong hoc biéu kién bac 2: =
q g keai

DBéng hoc khuéch tan ndi- Webber — Morris:
gt = kig. 1% + C

Trong do, ki, ko va kig 1an lugt la hang s6 t6c dé cla
déng hoc bac 1, bac 2 va dong hoc khuéch tan noi
Webber — Morris va t la thdi gian tién hanh hap phu.

Két qua va thao luan

Thanh phan hod hoc: lignin, hemicellulose, cellulose ctia
V4 trdu

Thanh phan lignin, hemicellulose, cellulose ctia vé trau
da dugc phan tich theo phuang phap phap Chesson-
Datta [10]. Két qua xac dinh thanh phan dugc trinh bay
trong bang 1).

Bang T: Thanh phén ligin , hemicellulose va cellulose
clia vé trau thd va vo trdu hoat hda

o)
X % % % | PP
Mau . . chat
cellulose | hemicellulose | lignin X
khéac
vO
tréu 31,04% 21,99% 28,73% | 18,24%
thod
vO
frau 1 39879 8,29% 8,74% | 17,05%
hoat
hoa

T bang 1 nhan thdy sau khi hoat héa v trdu thd bang
NaOH, acid acetic va H.O;, ham lugng hemicelllulose
gidm tu 21,99% xuéng 8,29%. Ham lugng lignin gidm
tU 28,73% xudng 8,74%. Trong khi do, ham lugng
cellulose thay déi khéng déang k€ (chi tang nhe tl
31,04% dén 39,87%) . biéu nay ching to viéc hoat hda
vo trdu da lam thay déi dang ké (hay loai bo) hai thanh
phan cta hemicelllulose va ligin trong vo trau.

Trong té bao thuc vat co cdu tric lignocellulose (vi du
cac phé phém néng nghiép nhu vo tréu, vo lac, b
mia, vd hoa qua...) thudng chifa ba thanh phén chinh
goém thanh phan ligin bao boc phia trén ngoai té€ bao
6 tac dung dan truyén nudc va bao vé chéng cac tac
déng bén ngoai (nhiét do, vi khuén, ..), tiép theo la
hemicellulose va trong cung la thanh phan cellulose.
Thanh phan ligin -~ 1a  polymer di thé gbc tu
phenylpropanoid, khéng c6 khd nang hép phu ion kim
loai nén thudng dugc loai bd khi ché tao vét liéu hap
phu. Déi véi hemicellulose, khd ndng hép phu ion kim
loai cling khéng cao do chifa it cadc nhdm chiic bé mat
nén cling thudng dugc loai bd. Trong s& ba thanh
phan & trén, cellulose la polysaccharide ma trong phan
t cd chlda cac lién két beta 1,4—glycoside va cac lién
két lién hydro lién phan ti va ndi phan t& tao nén
polymer dai phén tir c6 khd nédng hép phu ion kim loai
t6t han hai thanh phan lignin va hemicellulose do chira
nhiéu nhém chiic hydroxyl bé mét.

Khd ndng hdp phu ion N+ cda vé trdu hoat héa

Kha nang hap phu ion Ni?* cla vo trdu thd va vo trdu
sau hoat hda dugc danh gia qua théng sé dung lugng
hap phu. Hinh 2 trinh bay su thay déi clia dung lugng
https://doi.org/10.51316/jca.2022.074
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hép phu ion Ni** clia vo trdu thé va vo trdu hoat hda
theo thdi gian hép phu.

40

—&—vo Trau tho: i ] :
354 —e—vog Trauhoathoa -~~~ GRRREREE] freses

0 2;0 4;0 GIO SIO 160
Thoi gian (phut)

Hinh 2: Dung lugng hap phu ion Ni°* tai cac thdi gian

hap phu khac nhau clia vo trdu thd va sau hoat hoa

K&t qua cho théy, dung luang hap phu ion Ni°* cla vo
trdu thod va vo tradu hoat hda déu tang theo thai gian
hap phu. Thai gian hdp phu dat can bang sau 80 pht,
dung lugng hdp phu can bang dat dugc 8,5 mg/g va
33,33 mg/g tuang Ung vdi vo trdu thod va vé trdu hoat
hda. Biéu nay cho thdy vo trdu hoat hda cé kha nang
hdp phu ion Ni** cao hon (cao gép khoang 4 I&n) so
vdi vo tru tho.

Nghién ciu cdc mé hinh ddng nhiét

MG&i quan hé gitta ndng do cla chét bi hdp phu va kha
nang hdp phu cla chat hdp phu & nhiét d6 c6 dinh
dugc mé ta bdi cac mo hinh hdp phu dang nhiét.
Trong nghién ctu nay, kha nang hép phu ion Ni¢* cta
vo tréu hoat hda dugc phan tich dua trén bén mé hinh
hip phu dang nhiét cg ban: moé hinh Langmuir, mé
hinh  Freundlich, md& hinh Tempkin va md hinh
Dubinin-Redushkevich.

M6 hinh hdp phu ddng nhiét Langmuir

40

25 ‘ / g :
20 ; - :
15 /

104

q, (mg/g)

54

0 ; ; ; ; ; ;
0 20 40 60 80 100 120 140
C, (mg/L)

Hinh 3: M&i quan hé gitia néng dé Ni°* (Ce) va dung
lugng hédp phu ion Ni** (ge) tai trang thai can bang
hép phu

Trén hinh 3 m6 td méi quan hé gitla ndng dé Ni°* va
dung lugng hadp phu ion Ni°* cla vo trdu sau hoat héa
tai can bang hép phu. Dai nbng d6 dau cua ion Ni*
trong nghién ctu nay 40 — 160 mg/L.

M6 hinh hdp phu dang nhiét Langmuir & dang tuyén
tinh (1) [11, 12] :

L_ (Y1, 1

e (KLQmax) "Ce + dmax
Do thi biéu dién mdi quan hé tuyén tinh gitta “1/Ce" va
“1/qe "dudc thé hién trén hinh 4.

0.08

0.07 4
0.06
o
= 0.054

0.04 4

0.034--

0.02

0.01 0.02 0.03 0.04
1c,

Hinh 4: M&i quan hé tuyén tinh gitta “1/Ce" va "1/qe *

TU m&i quan hé tuyén tinh nay, cé thé tinh toan dudc
cac thdng s6 nhu hang s6& can bang hép phu (K)),
dung lugng hdp phu cuc dai (gma) va hé s6 tucng
quan R?. K&t qud dugc chi ra trong bang 2. Hé s6
tuong quan R? = 0,995, r&t gan so vdi 1, diéu nay cho
thdy cac gia tri nhu thong s6 hang s6 Langmuir K =
0,012 L mg™, dung lugng hap phu cuc dai ion Ni* khi
hinh thanh mét don 16p bé mat gmax = 57,74 mgg™ c6
dé tin cay cao.

Bang 2: Cac thong s6 clia qué trinh hdp phu dang nhiét

M6 hinh hap phu

dang nhiét Thong s6
K. (L mg™ 0,012
Langmuir Qmax (Mgg™) 5147
R? 0,995
/n 0,602
Freundlich Ke 4,783
R? 0,995
Ky 0,092
Tempkin br (J.mol) 1779
R? 0,977

Mé hinh hdp phu ddng nhiét Freundlich

M6t mé hinh hap phu déng nhiét khac dugc st dung
khac vdi gia thiét cia mo hinh hdp phu dang nhiét
Langmuir. M6 hinh hdp phu ddng nhiét Freundlich gia
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thiét rang qué trinh hap phu xay ra da I6p, mdi tam
hdp phu cé thé hdp phu han 1 phéan t& bi hdp phu. Khi
do, dang tuyén tinh ctia mé hinh hdp phu déng nhiét
Freundlich [13] la:

1
Inge=In Kr +;.In Ce (@

Hinh 5 trinh bay m&i quan hé tuyén tinh gitta "Inge” va
“InCe". Cac théng s6 nhu hang sé can bang hap phu
(Ke), 1 1&é 1/n dugc tinh toan dua vao dé déc va diém
giao cat clia do thi “Inge” va “InCe".

38

TS| S5, S SN S S N A -

szl i

Ing,

30 it

215 5 NS S PR S S -

976 5] W0 - N U ANU S SN SOOI S S

T T T T T T T T T
32 34 36 38 40 42 44 46 48 50
InC

Hinh 5: M&i quan hé tuyén tinh gitta “Inge” va “InCe"

Két qua tinh toan cla K, ti 1& 1/n dugc trinh bay trong
bang 2. TU két qua & bang 2, ti 1& 1/n va Kr tuong Ung
thu dugc la 0,602 va 4,783. Hé s6 tuong quan R? =
0,995, r&t gan so vai 1, diéu nay cho thdy qué trinh hap
phu ion Ni?* trén vo trdu hoat hoda cling tuan theo mo
hinh Freundlich.

M6 hinh hdp phu ddng nhiét Tempkin

Mé hinh dang nhiét Temkin quan tam t&i anh hudng
clia tuang téac gilta chat hdp phu — chat hdp phu dén
can bang hdp phu. M6 hinh gid dinh rang nhiét hap
phu (la ham cla nhiét dd) cla t4t ca cac phéan t&r hap
phu trong mét I1&p sé gidm tuyén tinh chd khong phai
la logarit v&i sy tang clia dd che phd bé mat. Phudng
trinh nay chi ddng cho ving néng doé trung binh cla
cac ion. M6 hinh dugc cho bdi phuang trinh sau:
Ge=BInK.C) ()

Trong do, B = RT/br;

Hang s6 hép phu Tempkin (br) dugc tinh todn dua vao
dang tuyén tinh ca mé hinh nay ( phuong trinh 4):

Qe = BInKy + BInCe  (4)

Trén hinh 6 biéu dién mdi quan hé tuyén tinh gitta “ge"
vdi “InCe”

40

354

304

254

20

15

10

3.2 36 4.0 44 48 5.2
LnC,

Hinh 6: M&i quan hé tuyén tinh gitta “ge" vdi “InCe”

Hang s6 hdp phu Tempkin dugc tinh toan bang 177,9
J/mol = 0,178 Kj/mol. Gia tri cla Hang s6 hdp phu
Tempkin khéa nho, cho thdy rang su tucng téc gitta ion
Ni¢* vdi bé mat chat hdp phu (vo trdu hoat hda) khéng
manh.

M6 hinh déng hoc

T6c d6 cla qua trinh hdp phu ion Ni°* cla vé tréu
hoat hda dugc danh gid dua trén ba mé hinh déng
hoc: déng hoc biéu bién bac 1 Lagergren, dong hoc
biéu bién bac 2 va déng hoc Webber —Morris.

Béng hoc biéu bién bdc 1 Lagergren

Phuong trinh déng hoc biéu bién bac 1 Lagergren ¢
dang [15,16]:

In(@e-qy) = Inge k1.t~ (6)

Trong dé, ge (mg.g™) va g: (mg.g™) lan luct la dung
lugng hédp phu ion Ni°* clia vo trdu hoat hoa tai trang
thai can bang hdp phu va tai thai gian hdp phu t; ki
(phut™) 1a hang s6 téc dé hap phu biéu kién bac 1.

Hang s6 t6c do ki va ge dudc tinh dua vao dé déc va
giao diém clia duding tuyén tinh “In(gqe—qy)"véi “t” ( nhu
dugc chi ra trén hinh 7). Gia tri ge dugc tinh dua vao
phuang trinh (6) dugc goi la ge tinh toan.

3.0

2.54-

In(q,-q,)

1;0 2I0 3;0 4;0 5:0 G;D 70
thoi gian (phut)
Hinh 7: Budng tuyén tinh “In(ge—qy)"vai "t
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T hinh 7, hang s6 t6c d6 ki va ge dugc xéc dinh tuong
Ung bang 0,0398 phut' va 18,67 mg.g™' (bang 3).
Trong thuc té, gia tri ge thu dugc tU thuc nghiém gan
bang (hay xap xi) gia tri ge tinh toan [17]. Ma&c du hé s6&
tuang quan R? = 0,975, kha cao, gan vdi 1, nhung gia
tri ge thuc nghiém (chinh 1a dung lugng hép phu can
bang = 33,33 mg/g sau 80 phut hdp phu) khac nhiéu
SO V@i gia tri ge tinh toan (18,67 mg/qg) thu dugc tu
dudng tuyén tinh (6). Diéu nay cho théy rang qué trinh
hdp phu ion Ni°* cla vd trdu hoat hda khong tuan
theo m6 hinh déng hoc biéu bién bac 1 Lagergren.

Bong hoc biéu bién bdc 2

Qué trinh hdp phu ion Ni?* cla vo trdu hoat héa cling
c6 thé dugc xét theo md hinh déng hoc biéu bién bac
2 26, 28]

—t+ 1 7

t
9 qe fqd

Trong dé, k> (g.mg™ phut™) la hang s6 téc d6 hap phu
biéu kién bac 2.

Hang s& t6c db ko va ge dudc tinh dua vao dé déc va
giao diém cla dudng tuyén tinh “t/q:"véi “t" ( nhu dugc
chi ra trén hinh 8). Gia tri ge dugc tinh dua vao phuadng
trinh (7) dugc goi la ge tinh toan.

3.5

0 20 40 60 80 100
thei gian (phut)

Hinh 8: D6 thi tuyén tinh “t/q:"vdi "t

K&t qua tinh toan gia tri ko va ge tinh toan dugc trinh
bay trong bang 3.

Bang 3: Thdng s& clia cac md hinh déng hoc hap phu

M6 hinh Théng s8
déng hoc 9
-1

Biéu kién bac i (phdt') 00398
1 Lagergren Ge (M3/9) 18,67
R? 0,975
e lea L ko (g.mg™. Phut™) 0,0035
?eu kién bac % (Mg/9) 35,46
R2 0,998

Tu két qud cho thay gia tri ge tinh todn (35,46 mg/q)
x8p xi vdi gia tri ge thuc nghiém (33,33 mg/g - dung

lugng hdp phu can bang sau 80 phut hdp phu). Diéu
nay c6 thé cho rang moé hinh déng hoc biéu bién bac
2 md ta ding ban chét clia qué trinh hap phu ion Ni*
cla vo trdu sau hoat hda. M6 hinh dong hoc biéu
bién bac 2 dua trén gia thiét giai doan quyét dinh t6¢
dé phan dng la giai doan hap phu hda hoc. Su hép
phu hda hoc nay cé lién quan dén lién két hoa tri dugc
hinh thanh tr sy gop chung hay trao déi doi electron
gitta ion kim loai chuyén tiép (ion Ni**) va chat hdp
phu (nhém chiic hydroxyl trén bé méat vo trdu) [18 -21].

Mb hinh khuéch tan ndi hat (IP)

M6 hinh IP dugc dp dung réng rai dé kiém tra budc
quyét dinh t6¢ dé trong qué trinh hép phu. Su hép phu
clia chét tan trong dung dich lién quan dén su chuyén
khéi cla chat hdp phu (film diffusion), khuéch tan bé
mat (surface diffusion) va khuéch tan 16 x6p (pore
diffusion). Khuéch tan mang la mét budc déc lap,
trong khi khuéch tan bé mat va 16 x8p co thé xay ra
dong thai. IP dugc nghién clu bang cach xem xét mo
hinh clia Weber va Morris (1963), [19, 21]. (phudng trinh
8)):
Gr = kig. %2+ C (8)

Trong do, g: (mg.g™) la dung lugng hép phu tai thai
diém t; kiq (mg.g™.phut™°%) la hang s& téc dé khuéch
tan ndi; C (mg. g™ la d6 day cla I6p bién.

Dua vao do thi tuyén tinh “gi" theo "t%", cac thdng s6
(kiava C) dudgc xac dinh tir dé déc va giao diém cla do
thi (nhu duagc chi ra trén hinh 9).

q,=1,6059 + 19,116
R?=0,9895

q, (mg/g)
8

q, = 6,5188- 2,5447
R*=0,9833

T T T T T
2 4 6 8 10
Thoi gian ** (phut™)

Hinh 9: D6 thi tuyén tinh “q;"vdi 1%

TU hinh 9 nhan thay, do thi tuyén tinh “g¢" theo “t%>"
khéng di qua gbc toa dé ma dugc phan tach thanh hai
dusng rd rét véi hé s6 tuong quan R? kha cao (>
0,983). Diéu nay c6 nghia la qué trinh hdp phu ion Ni°*
clia v& tréu sau hoat hda la qué trinh hép phu nhiéu
giai doan tuong Ung vai cac cg ché khac nhau kiém
soat quéa trinh hdp phu. Boan tuyén tinh dau tién la
qua trinh hdp phu tdc thai hay hdp phu bé mat ngoai.

https://doi.org/10.51316/jca.2022.074
84


http://doi.org/10.51316/jca.2020.074

Vietnam Journal of Catalysis and Adsorption, 11 —issue 4 (2022) 79-85

Trong khi do, doan tuyén tinh th( hai thé hién su
khuéch tan ndi hat hay qua trinh khuéch tdn mao
quan. Hang s6 khuéch tan dugc xac dinh bang 6,518
(mg.g " phut %) va 1,605 (mg.g ™. phut ) ting véi doan
tuyén tinh déu tién va doan tuyén tinh thir 2

Két luan

Vo trdu hoat hda bdi tac nhan NaOH, acid acetic va
H.02 c6 kha nang hdp phu tét ion Ni°* véi dung luong
hap phu cuc dai 57,46 mg/g. M& hinh hap phu dang
nhiét Langmuir va déng hoc biéu kién bac 2 1a mod
hinh m6 ta t6t nhat qué trinh hap phu ion Ni** cla vd
trdu sau hoat hda. Qué trinh hdp phu nhiéu giai doan
(hdp phu bé mat ngoai va qua trinh khuéch tan mao
quan) dugc dé xuédt dé danh gid ban chat cla qué
trinh hdp phu nay.
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Nghién clu nay dudc tai trg bdi BO Gido duc va Bao
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