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PONG HOC VA PANG NHIET CUA QUA TRINH HAP PHU
Cu(I) LEN VAT LIEU Ze-RHM-41

Hoang Van DPtc*, Lé Thi Diéu Linh

Truong Dai hoc Su pham, Dai hoc Hué, 34 Lé Loi, Tp. Hué, Viét Nam

Tém tat: Vat liéu mao quan trung binh MCM—41 chtta zeolit (Ze-RHM-41) duoc tdng hop bing phuong
phép truc tiép v6i ngudn silic (dung dich natri silicat) chuén bi tit tro trdu. Vat liéu tong hop duoc dac
trung bmeg cac phuong phap XRD, TEM va EDX. Qu4 trinh hip phu ion Cu(ll) 1én vét liéu Ze-RHM—41
da duoc nghién ctru. Két qua déc trung cho thdy vat liéu Ze-RHM-41 ¢6 ciu tric mao quan trung binh
ctia MCM—41 véi tudong mao quan duoc tinh thé hoa bang zeolit Y. Dung lwong hap phu ion Cu(Il) ctia vat
liéu Ze-RHM—41 duoc cai thién dang k€ va phu thudc vao nong dé6 Cu(ll) ban dau. M6 hinh dong hoc
biéu kién bac 2 phtt hop véi qué trinh hdp phu Cu(Il) 1én Ze-RHM-41. M6 hinh hdp phu dang nhiét
Langmuir phtt hgp hon m6 hinh déng nhiét Freundlich d6i véi qud trinh hdp phu Cu(Il) 1én vét liéu tong
hop.

Tw khoa: Ze-RHM—41, tro trdu, Cu(Il), hdp phu
1 Mé dau

O nhiém nguodn nudc do cac kim loai nang ddc hai tir xa thai la van dé méi truong cua
toan thé gidi. Cac kim loai ndng nhu Cu, Cd, Pb... gay ddc d6i véi con nguoi va cac sinh vat
khac khi néng d6 cua ching vuot qua tiéu chuan cho phép. Dong 1a mét trong nhiing kim loai
nang dwoc st dung rong rai trong cac nganh cong nghiép khac nhau nhu dét may, san xudt
gidy, bot gidy, ma dién, san xuét phan bén... [1], nén sy 6 nhiém déng trong cdc ngudn nudc
thai 1a rat pho bién. Chinh vi vay van dé xu ly du luong kim loai ndng trong nuéc thai
ndi chung va dong ndi riéng la mdt nhu cau cdp thiét. Nhiéu phuong phap xa ly khac
nhau da dwoc nghién cttu nhu két tta hoa hoc, chiét bf?mg dung moi, trao doi ion, thdm
thdu nguwoc, hdp phu... [1, 2, 3]. Trong s6 d6, hdp phu la phuong phap dugc st dung phd
bién nho tinh don gian, hiéu qua cao va kinh t€. Dén nay, da c6 nhiéu loai vat liéu hap phu khac
nhau duwoc cong b6 nhu cacbon hoat tinh [1], chitosan [2], kao lanh/zeolit [4], khoang sét [5], vat
liéu mao quan trung binh (MQTB) [3, 6, 7]. Trong s6 d¢, vat liéu MQTB da nhan dwgc sy quan
tam cua nhiéu nha khoa hoc do c¢6 dién tich bé mét 16n, mao quan dong déu, trat tu [3]; ddc biét,
sau khi duoc bién tinh bang cidc nhém chiic thich hop, dung lugng hap phu kim loai ning ctia
vat liéu MQTB duoc cai thién dang ké [7].

Trong bai bao nay, vat liéu mao quan trung binh MCM-41 véi twong mao quan ¢ cadu
truc zeolit (Ze-RHM-41) da duoc tong hop v6i nguodn silic tach tir tro trau, mot phu, phé pham
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ndng nghiép dodi dao. Pong hoc va dang nhiét ctia qué trinh hap phu Cu(Il) tir dung dich nudc
lén vat liéu Ze-RHM-41 da dugc nghién ctru.

2 Thuc nghiém

2.1 Hoa chat

Céc hoa chat st dung trong nghién ctru bao gom silic (dung dich thuy tinh long ¢6 ham
luwong SiO2 10%) diéu ché tir tro trdu theo qui trinh da duoc chung t6i nghién cttu trude day [8],
chat dinh hudng cau triuc (PHCT) cetyl trimetyl amoni bromua (CTAB) (Aldrich), Al(OCsHr)s
(Merck), NaOH (Guangdong) va Cu(CHsCOO)2.H20 (Merck).

2.2 Téng hgp vat lidu
Tong hop vat liéu Ze-RHM—41 theo qui trinh [9, 10], gom 3 giai doan:

Chudn bi midm zeolit: Cho tir tit 10 mL dung dich NaAlO21 M (diéu ché tir AI(OCsHr)s va
NaOH) vao 32 mL dung dich thuy tinh long, khudy déu va lam gia ¢ nhiét d6 phong (30 °C) trong
48 gio, thu dwoc mam zeolit.

Chudn bi dung dich mim zeolit: Cho tir tir 28,7 mL dung dich NaAlO: 1 M vao dung dich 32
mL dung dich thuy tinh 1éng, sau d6 ti€p tuc cho 10,5 mL mam zeolit vao hon hop, khudy déu.
Cho hén hop vao binh teflon, tién hanh két tinh & 100 °C trong 12 gio, thu dwoc dung dich
mam.

Téng hop vit liéu Ze—RHM—41: Hoa tan hoan toan 2,192 g CTAB trong 85 mL H20, tiép
theo cho tir tir 16,94 mL dung dich mam tdng hop 6 trén vao dung dich CTAB, nho ti€p dung
dich 8,54 mL dung dich thuy tinh 16ng vao h¢, khudy manh hén hop trong 1 gio, dwa hon hop vé
pH = 10,8 bang dung dich H2S0: 1 M va tiép tuc khuay manh thém 1 gio nita. Hon hop sau d6
duoc cho vao binh teflon, khudy nhe trong 24 gio réi dem thuy nhiét & 100 °C trong 48 gio. Két
tua duoc loc, riva vé pH =7, sau d6 sdy ¢ 100 °C trong 24 gio va nung ¢ 550 °C trong 6 gio. Vat
liéu tong hop dwoc ki hiéu la Ze-RHM—41.

Ngoai ra, d€ so sanh, mau MCM-41 véi ngudn silic tir tro trdu ciing dwoc tong hop. Qui
trinh nhw sau: Hoa tan hoan toan 2,192 g CTAB trong 85 mL H:0, sau do6 cho ttx tir 15,4 mL
dung dich thuy tinh 16ng vao hé, khudy manh hon hop trong 1 gio, dwa hon hop vé pH = 10,8
bang dung dich H2S0: 1M va tiép tuc khudy manh thém 1 gio nita. Hon hop sau d6 duoc cho
vao binh teflon, khudy nhe trong 24 gio r6i dem thuy nhiét & 100 °C trong 48 gio. Két taa duoc
loc, rira (vé pH =7), sau d6 say ¢ 100 °C trong 24 gio va nung ¢ 550 °C trong 6 gio. Vat liéu tong
hop duoc ki hiéu la RHM-41.
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2.3 Dic trung vat liéu va khao sat kha nang hip phu

Phd XRD duoc ghi trén mdy nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany), stt
dung ngudn bitc xa CuKq v6i budc séng 4 =1,5406 A, géc quét 26 thay ddi trong khoang 1-50°.
Ph6 EDX duoc do trén may SEM JED 2300 va anh TEM duoc do trén thiét bi hién vi dién ti
truyén qua JEM1010-JEOL.

Kha néng hép phu caa vat liéu tong hop duoc danh gid qua sw hap phu ion Cu(Il) ttr
dung dich nuéc. Cho 0,25 g Ze-RHM-41 hoac RHM—-41 vao cdc chita 250 mL dung dich Cu(Il)
(Co mg/L) & nhiét do phong (30 °C), khudy déu o tdc dd 400 vong/phut. Theo thoi gian trich
mau, ly tam, 18y dung dich va xac dinh néng d6 Cu(Il) bang phuong phédp AAS. Dung luong
hdp phu (DLHP) duoc tinh theo cong thirc:

V(Cy—C
%I—( ‘in L (mglg),

trong dé Co va Cr la nong dd Cu(Il) (mg/L) ban dau va ¢ thoi diém t; V la thé tich cua dung dich
(L); m 1a khéi lwong Ze-RHM-41 hodc RHM—41 (g).

3 K&t qua va thio luan

3.1 Mot s6 dic trung caa vat liéu tdng hop

Hinh 1 1a gian d6 XRD ctia cic mau RHM—41 va Ze-RHM-41. Tir két qua nay c6 thé thay
trén gian d6 cta vat liéu RHM—41 xuat hién cac pic 6 vung goc nho (20 < 5°) ddc trung cho vat
litu MQTB MCM—41. Cac pic déu c6 cuwong do 16n, ro rang, sic, nhon, chtng té vat liéu thu
duoc ¢ do trat ty cao; & vung goc 1on (20> 5°), khong xuat hién pic ddc trung nao va diéu nay
ching to vat liéu RHM—41 c6 tuong mao quan vo dinh hinh [10]. Trén gian d6 ctia Ze-RHM-41
van xudt hién cac pic dac trung cho vat lieu MQTB MCM—-41 & géc nho. Ngoai ra, trén gian do
nay con xudt hién cac pic dédc trung cho zeolit Y ¢ vung goc 16n [11], chiing to twdng mao quan
ctia vat liéu Ze-RHM-41 da duoc zeolit hod bang zeolit Y. K&t qua nay ciing twong tu nhu két
qua cta Jiang va Wang [9, 11] khi sit dung cac chat dau la natri silicat (kao lanh) va zeolit Y d€
tinh thé hoa teong mao quan MCM—41.

Mau Ze-RHM-41 ciing duoc déc trung bang phd EDX va thanh phan ctia vat liéu dwoc
trinh bay 6 Bang 1. Két qua EDX cho thay thanh phan cua vat liéu la Si, O, Al, Na va C (c6 thé bi
1an cta nén do). Ti ¢ mol Si/Al trong mau tinh theo EDX 1a 8,79 16n hon mot it so véi ti 1é ban
dau trong thanh phan gel 1a 6. Diéu nay c6 thé la do Al kho di vao mang cau tric hon so véi Si.
Tuy nhién, ti 1é nay ciing cho thay zeolit hinh thanh la zeolit Y [12], phu hgp v6i két qua XRD.

Bang 1. Thanh phan hoa hoc cua vét liéu Ze-RHM—41

Nguyén t6 O Si Na Al C
% nguyéntee 6948 21,8 3,01 248 3,23
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CAu tric mao quan trung binh cta vat lidu tong hop duoc dac trung bang phuong phap
hién vi dién t truyén qua (TEM). Két qua anh TEM ¢ Hinh 2 cho thdy Ze-RHM-41 ¢6 cdu tao
g6m cac 6ng mao quan trung binh véi duong kinh khoang 25-30 A xép song song véi nhau. Két
qua nay khéng dinh tinh trat ty cua vat liéu xac dinh ttr gian d6 XRD.
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Hinh 1. Gian d6 XRD ctia madu RHM-41, Ze-RHM—41 va Ze-RHM-41 gbc1én

Hinh 2. Anh TEM ctia vat liéu Ze-RHM—41

3.2 Khao sat sy hap phu Cu(ll) cta vat liéu Ze-RHM-41

Dung luwong hdp phu cta vat liéu Ze-RHM—41 theo thoi gian véi cac nong do Cu(Il) ban
dau khac nhau tir 198,55 mg/L dén 459,35 mg/L va caia RHM—41 véi nong d6 Cu(Il) dau 459,35
mg/L dugc trinh bay trén Hinh 3. Két qua cho thdy kha nang hdp phu ion Cu(Il) cia Ze-RHM-
41 da duoc cai thién dang ké. Ze-RHM-41 ¢ DLHP 16n hon nhiéu so v6i RHM—41 (gap khoang
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3 Tan, 240,85 mg/g so v4i 77,1 mg/g). Diéu nay co thé lién quan dén sw c6 mat cua cac tinh thé
zeolit trén tudng mao quan cua Ze-RHM-41. Nhu da biét, zeolit hinh thanh do nhém thay thé
cho mot s6 nguyén twr silic trong mang lwdi tinh thé cta silic oxit. Vi nhom ¢é hoa tri 3 thay cho
silic c6 hoa tri 4, nén mang ludi zeolit du dién tich am. Cac dién tich am nay dwoc trung hoa
bang ion Na* (do mau duwoc tdng hop trong mdi truong NaOH). Khi thuc hién qué trinh hap
phu, mot phéan ion Cu(Il) sé trao doi véi ion Na* trén mang tinh thé, do d6, lam tang DLHP [4,
12]. Két qua ciing cho thdy DLHP ctia Ze-RHM-41 tang tir 131,3 mg/g dén 240,85 mg/g khi
nong do ban dau cua dung dich Cu(ll) tang ttr 198,55 mg/L dén 459,35 mg/L va qua trinh hap
phu xay ra nhanh & trong khoang 90 phut dau (dat hon 90% so véi DLHP hap phu can béng),
sau d6 qud trinh xay ra cham lai va dat can bang sau 300 phut. Viéc ting nong d6 ban dau caa
dung dich Cu(Il) lam téang DLHP duoc cho la néng d6 dung dich tang da lam tang dong luwc
hdp phu. Bén canh d¢, su ting néng do ciing lam tang su tuong tac cua ion Cu(Il) vdi cac tam
hap phu [13].

250
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a —w—353.00 mg/L. ——399,50 mg/L
—*—459,35 mglL —8—459,35 mg/L (RHM41)
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Hinh 3. Dung luong hip phu ctia Ze-RHM-41 theo thoi gian ¢ cac ndéng d6 Cu(Il) ban dau khac nhau

Dong hoc qua trinh hdp phu da duoc danh gia thong qua 2 mo hinh dong hoc biéu kién
la bac nhat

In(q, —q,) =In(q,) -kt (1)
va bac hai [1, 13].
t 1 t
- = 2 +— (2)
q; kzqg q.

201



Hoang Van Dirc va Lé Thi Diéu Linh Tap 126, S6 1A, 2017

trong do g. 1a DLHP tai thoi diém can bang (mg/g); g: 1a DLHP hap phu tai thoi diém t (mg/g); ki
la hang s& tdc dd hap phu biéu kién bac nhat (ph-); k2 1a hang s8 toc d6 hap phu biéu kién bac
hai (g/mg.ph)

Dua vao s0 liéu thuc nghiém vé anh hudng cta néng d6 dung dich Cu(ll) ban dau
(Hinh 3), h6i qui tuyén tinh cac gia tri In(g—q:) theo t theo phuwong trinh (1) d6i véi mo hinh biéu
kién bac nhat, va cac gia tri (1/g:) theo t theo phuong trinh (2) cia mé hinh biéu kién bac 2. Tt
cac gia tri do doc va doan cit véi truc tung ctia cac duong tuyén tinh, sé tinh duoc cac hf“mg sO
dong hoc ki va k2. Mtic dd tuyén tinh cua cac gia tri thuc nghiém theo md hinh duoc danh gia
bang hé 8 tin cay R2. Két qua cac tham s6 dong hoc va hé s6 tin cay dugc trinh bay ¢ Bang 2.

Bang 2. M6t s6 tham s6 ctia phuwong trinh dong hoc biéu kién hap phu Cu(Il) trén Ze-RHM-41

Déng hoc bac 1 Doéng hoc bac 2

Nong do . > 2
mel) R 3 93 cal h k0 Gea  Geew

(ph™)  (mg/g) (g/mg.ph)  (mg/g) (mg/g)
198,55 0,846 0,0137 41,61 0,9996 7,2 135,14 131,30
302,50 0,765 0,0145 51,13 0,9996 5,9 188,68 184,00
353,00 0,8351 0,0118 58,14 0,9996 53 212,77 210,50
399,50 0,9335 0,0145 76,71 0,9998 4,3 238,10 229,50
459,35 0,9338 0,0174 97,55 0,9998 4,2 250,00 240,85

Ghi chii: geca 1a gia tri DLHP can béng tinh theo phuong trinh dong hoc; geex la gia tri DLHP can bang tinh
tlr nong do dau va ndéng dd can bang.

Tir két qua & Bang 2 c6 thé thdy rang cac hé s8 tin cay ctia md hinh dong hoc bidu kién
bac hai 16n hon nhiéu so véi cia md hinh bac nhét va gan véi don vi. Ngoai ra, gia tri DLHP
can bang tinh theo phuong trinh dong hoc (q2.,,) va gia tri DLHP can bang tinh tit nong do6
dau va nong dd can bang (q2.,,) ctia mod hinh dong hoc bac hai la tuong dwong nhau, trong khi
két qua nay d6i véi mo hinh dong hoc bac nhat lai khac nhau rat 16n. Tt d6 cé thé cho ri“mg mod
hinh ddng hoc biéu kién bac hai md ta qué trinh hap phu Cu(ll) phu hop hon so v6i mo hinh
biéu kién bac nhét. Két qua nay ciing twong dong voi két qua cua cac cong trinh nghién ctru sy
hap phu ion Cu(Il) lén cac vat liéu khac nhau nhu cacbon [1, 14], chitosan [2], cao lanh/zeolit [4],
MQTB [6]... Tuy nhién, két qua & Bang 2 ciing cho thdy gia tri k2 khong phai la hang s§ d6i véi
nong d ma giam khi nong d6 dau cua Cu(ll) tang. Biéu nay cho thdy sy hap phu Cu(Il) lén Ze-
RHM-41 la mot qua trinh phtec tap va chiu anh huong ctia nhiéu yéu to, dac biét 1a cau truc cua
chat hap phu [6]. Nhu da biét, vat liéu hap phu Ze-RHM—41 la loai vat liéu mao quan nén qua
trinh hdp phu khong chi xay ra trén bé mat ngoai ma ca trén bé mat bén trong mao quan. Khi
nong do dau cua Cu(Il) tang lén sé cd sy canh tranh gitra cac ion trong qua trinh dich chuyén
vao trong mao quan (anh huwong ctia khuéch tan trong). Két qua 1a téc d¢ di chuyén cua ion
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Cu(Il) vao trong mao quan va hdp phu lén bé mat mao quan sé khong tang theo kip voi sy tang
ctia ndng dd dau, didu nay dan dén tdc do qua trinh hap phu ting cham lai khi nong do6 tang
1én va do dé kéo theo su giam ctia hang s6 k2 [6].
Déng nhiét ctia qud trinh hdp phu ion Cu(Il) ciing duoc danh giad qua hai mo6 hinh hap
phu phd bién la m6 hinh déng nhiét Langmuir
1 1 N 1 1 3)

qe dm K L9m Ce

v6i mitc d6 hap phu dugc dénh gia qua hé s6 tich hay thong s3 can bang Ri

1
L= —1 4)
+K,C,
va déng nhiét Freundlich [2, 5].
1
Ing,=InKp+—=InC, (5)
n

trong d6 gn 1a DLHP cuc dai (mg/g); gela DLHP tai thoi diém can bang (mg/g); C. la nong dd
chat bi hap phu tai thoi diém can bang (mg/L); Ki 1a hing s6 hap phu Langmuir (L/mg) dac
trung cho &i luc ctia tim hdp phu; Kr (L/g) va 1/n 1a cac hing s8 ctia phuong trinh dang nhiét
Freundlich.

Db thi biéu dién sy phu thudc ctia 1/ge vao 1/Ce d6i véi md hinh Langmuir dwoc trinh bay
trén Hinh 4, va do thi biéu dién sy phu thudc cta Inge vao InCe d8i véi mo hinh Freundlich
dugc trinh bay trén Hinh 5.

0.008+ 5.6

0.007 y= 0,3487x+0,0024 5.4 y =0,5401+2,6299
o R= 10,9936 R*=0.9728
~ 0.006 Eg

0.005

5.0
0.004
T \ T 1 4.8 \ T T
0.004 0.008 0.012 0.016 4.4 4.8 5.2
1/C, InC,
Hinh 4. D5 thi ddng nhiét Langmuir hap phu Cu(II) Hinh 5. D6 thi ddng nhiét Freundlich hdp phu
trén vat liéu Ze-RHM-41 Cu(Il) trén vat liéu Ze-RHM-41
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T céc gid tri d6 ddc va doan cit cua truc tung sé tinh dwoc cac gia tri tham s ctia céc
phuong trinh dang nhiét (Bang 3). Thay gia tri vao (4) sé tinh dugc cac thong s§ can bang R
(Bang 4).

Bang 3. Cac gid tri tham s8 ctia phuong trinh déng nhiét Langmuir va Freundlich

Déng nhiét Langmuir Déng nhiét Freundlich
Ke (L/mg) gm (mg/g) R? Kr(L/g) n R?
8,37.10+ 416,67 0,9936 13,873 1,85 0,9728

Béng 4. Gia trj thong s6 can bang Rr & cac nong d6 dau khac nhau

Nong d¢ (mg/L) 198,55 302,50 353,00 399,50 459,35

Re 0,8775 0,8246 0,8012 0,7807 0,7559

Két qua ¢ Bang 3 cho thdy, dang nhiét Langmuir va Freundlich déu co hé s&'tin cdy R? rat
cao (> 0,97); ngoai ra, cc thong s§ can bang (Ri) (Bang 4) d6i véi dang nhiét Langmuir nam
trong pham vi 0 < R. < 1 va gia 1/n = 0,54 (Bang 3) d6i véi mo hinh Freundlich nam trong
khoang 0-1 [5], nén c6 thé cho rang qua trinh hdp phu Cu(Il) vira tuan theo déng nhiét Lang-
muir vira tuan theo dang nhiét Freundlich. Tuy nhién, dang nhiét hdp phu Langmuir pht hop
hon so véi déng nhiét Freundlich khi hé sd tin cdy ctua nd cao hon (0,9936 so vdi 0,9728). Két
qua nay cling tuwong tuw két qua cua Mobasherpour va cdng sut khi nghién ctu sy hap phu Cu(Il)
ttr dung dich nudc 1én vat liéu cacbon dng c6 tuong da 16p [13], Ahmad va cong su khi hdp phu
Cu(IT) bang chitosan bién tinh [2], Sdiri va dong nghiép trong nghién ctru hap phu Cu va Zn
bang khoang sét tu nhién [5]. K&t qua & Bang 3 cuing cho thdy dung luong hap phu cuc dai d6i
voi Cu(ll) dat gia tri cao la'416 mg/g & 30 °C. Gia tri DLHP cua vat liéu trong nghién cttu nay
16n hon so véi cac vat liéu cia mot s6 tac gia khac nhw chitosan bién tinh (142,85 mg/g ¢ 25 °C)
[2]; cacbon hoat tinh (39,46 mg/g & 35 °C) [1]. Mac du su so sanh chi ¢é tinh twong d6i do diéu
kién nghién cttu khac nhau, nhung diéu nay ciing cho thdy trién vong hdp phu ion Cu(ll) cua
vat liéu Ze—-RHM—41.

4  Kétluan

Vit liéu mao quan trung binh MCM—41 véi twong mao quan duogc tinh thé hoa bang zeo-
lit Y (Ze-RHM-41) tong hop trong nghién cttu nay c6 cdu trac MQTB trat tir, mao quan duoc
phén b8 dong déu véi kich thudc ndm trong khoang 25-30 A. Vat liéu tdng hop thé hién kha
nang hap phu rat cao ddi véi ion Cu(ll), dung luong hap phu cue dai c6 thé dat dén 416 mg/g &
30 °C. Su hap phu xay ra tuan theo ca hai mé hinh dang nhiét Langmuir va Freundlich, trong
dé mo hinh Langmuir m6 ta qué trinh hdp phu hop ly hon. T6c dd hdp phu tuan theo phuong
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trinh dong hoc bac 2 biéu kién. Cac két qua cho thady Ze-RHM-41 la vat liéu ¢6 trién vong trong
hap phu dé xt ly Cu(Il) trong nuéde.
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KINETICS AND ISOTHERMS OF Cu(I) ADSORPTION
ONTO Ze-RHM-41 MATERIAL

Hoang Van Duc*, Le Thi Dieu Linh

HU - University of Education, 34 Le Loi, Hue City, Vietnam

Abstract: A zeolite-containing MCM-41 mesoporous material (Ze-RHM-41) was synthesized using the
direct method with a sodium silicate solution prepared from rice husk ash as a silica source. The synthe-
sized material was characterized using XRD, TEM, and EDX techniques. The sorption behaviors of Cu(II)
ions onto the material were studied. The results showed the presence of mesoporous MCM-41 and
microporous Y type molecular sieves in the material with its highly ordered hexagonal mesostructures.
The adsorption capacity of the synthesized material for Cu(ll) ions was significantly improved and influ-
enced by the Cu(II) initial concentration. The pseudo-second-order kinetic model could fit the rate equa-
tion of Cu(Il) adsorption onto the Ze-RHM-41 solids. The Langmuir isotherm is more suitable than the
Freundlich isotherm for the adsorption of the Cu(II) ions onto the synthesized material.

Keywords: Ze-RHM-41, rice husk ash, Cu(Il), adsorption
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