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Tém tit: Da tién hanh bién tinh bot than day bang phuong phéap dong tring hop ghép acrylonitril
v6i h¢ khoi mao oxi héa khtr natribisunphit/amonipesunphat va thyc hién amidoxim hda san pham
thu dugc bang hydroxylamin hydroclorua trong méi truong kiém. Anh huéng ciia nong do céc
chit phan tmg, thoi gian va nhiét d6 da duoc nghién ctru dé xac dinh diéu kién tdi wu bién tinh vat
liéu. Déc tinh cua vat liéu da dugc xdc dinh thong qua cdc phuong phdp kinh hién vi dién tir quét,

quang phd hong ngoai, thé dién dong zeta va kha nang hap phy ion Zn2+ Ni** va Cu™

. Két qua

nghién ctru cho thiy, bot than day sau bién tinh ¢6 bé mat day va x6p hon so véi bot than day
truge khi bién tinh; trong pho hong ngoai xuat hién cic dinh 6 vi tri 2.260, 1.660 va 910 cm’
tuong ung voéi cac lién két -CN, -C=N va -N-OH trong nhém chirc amidoxim; bé mat vat li€u c6

d6 am dién kh4 Ion.

Tur khod: Bot than day, acrylonitril, amidoxim.

1. Téng quan

Viét Nam la nudc ndng nghiép, c6 dién tich
trong day lon. Cdc vat liéu ty nhién thu dugc tur
nén noéng nghiép trong day 1a soi ty nhién
(polime tu nhién) va cic phu pham khéc.
Nhitng vat liéu phu phim tir ché bién day
thuong duoc str dung lam chat dot. Trén thé
gidi, dé tan dung nguon vat liéu phy pham nay,
céc nha khoa hoc da nghién ciru sir dung né dé
xu 1y nuée 6 nhiém mau, kim loai nang (KLN)
va phenol [1]; tuy vdy, thuong lam ting chi s6
COD, BOD va TOC trong nudc [2]. Bé khic
phuc diéu nay va lam tang hiéu qua xir 1y nudc
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thi can phai bién tinh cdc phé thai truéc khi sir
dung. Cac phuong phap thuong dugc st dung
dé bién tinh phé thai 1a axit héa, bazo héa, oxi
héa, dong tring hop ghép. Trong d6, phuong
phdp dong tring hop ghép cdc nhom hoat dong
1a phuong phip khic phuc dugc cic nhuoc
diém cua vat liéu tw nhién va cho hiéu qua hap
thu chét 16n [3].

Bing cdch ddng tring hop ghép ndi cic
monome 1én xenlulozo s€ tao ra cic nhém chirc
méi hoat dong trén bé mat vat liéu tu nhién.
Phuong phdp bién tinh dong tring hop ghép
nham tao ra cdc nhém chuc hoat dong nhu
cacboxyl, amin, nitril, amidoxim, GMA-
imidazol. Vat liéu ghép nhém chitc amidoxim
dugc xem 12 vat lidu hita hen nhét cho viéc hap
phu KLN [4]. Theo d6 bé mdt polyme tu nhién
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gin cdc nhém chic amidoxim cé hai cip
electron ctia nguyén tir oxy va mot cap electron
ctia nito nén c6 kha ning tao phitc dé dang véi
ion KLN. D6 la dinh hudéng trong nghién ciuu
nay nham bién tinh bot than day lam vat liéu
hap phu KLN.

2. Thue nghiém
2.1. Vit liéu va héa chdt

Céc phy pham than day sau khi tich soi thu
nhan tai xd Nam Thing, huyén Tién Hai, tinh
Thai Binh dugc chon lam vat li€u nghién ctru.
Than day dugc rira sach véi nudc, sy kho dén
khéi luong khong d6i va dugc nghién thanh
dang bot dén kich thudc 0,5 mm. Cac héa chat
s dung trong nghién ctru la cia Merck ¢6 do
tinh khiét phan tich gdm natribisunphit
(NaHSO;),  amonipesunphat  (NH4),S,0s),
hydroxylamin  hydroclorit  (NH,OH.HCI),
acrylonitril (AN), NN-dimetylfocmamit, etanol,
NaOH.

2.2. Phwong phdp nghién cuu

Cac phuong phap sur dung dé xdc dinh mot
sO tinh chat vat ly, h6a hoc cua vat liéu va san
phidm gdm phuong phdp kinh hién vi dién tir
quét, nhiu xa tia X, phan tich thé dién dong
zeta va quang phd hap thu hong ngoai.

2.3. Cdc bucoc thuc nghiém

Bot than day dugc xir Iy bang dung dich
NaOH (5-25%) theo ty 1¢ bot day va dung dich
NaOH la 1/50 (g/ml), trong 60 phut & nhiét do
phong. Loc va rira phan bot rin véi nude cat
dén pH trung tinh va sy & 60°C dén khdi luong
khong ddi. Chi s tinh thé dugc tinh todn theo
phuong phap Segal [5].

Lay lg bot than day da xua 1y NaOH vao
binh ciu ddy tron ldp sinh han hoi lwu. Thém
100 mL hé khoi mao oxy héa khu
NaHSO3/(NH,4),S,05 (SB/APS), suc khi N, va
khudy trong 30 phit. Phan ung duoc giit ¢b
dinh & nhiét do nhét dinh. Cho tu tur acrylonitril
(AN) 99,9% va khqu déu. bé ngudi dung dich
khi két thic phan ¢ng. Thém vao dung dich
phan tng 100 mL etanol dé loai bo AN du, két
tha san pham, loai bo cdc mudi. Loc hdn hop
phan ng qua glay loc bang xanh, rira san phdm
b6t ran 3 lan bang etanol va nudc cat, sau dé
rira vai 1an véi N,N-dimetylfocmamit. San
phém thu dugc sau khi loc duoc lam kho dén
khéi lugng khong dbi va ghi lai khdi lwong san
pham.

Lay 1g san phim da ghép AN cho phan ting
v6i NH,OH.HCl ¢ ndéng do khic nhau trong
hdn hop metanol : nudc (v/v, 1/1), téng thé tich
cudi 1a 50 mL; ding Na,CO; diéu chinh pH dén
khoang tir 9 dén 10. Phan tmg thuc hién & nhiét
d6 40-80°C trong thoi gian 30-360 phut, khuay
déu. Két thiic phan img, loc lay phan bot ran,
rira 3 1an bang nuée cat dén pH trung tinh, sdy
kho san pham dén khdi lugng khong ddi. Day
duoc goi la vat liéu amidoxim hoéa.

3. Két qua va thao luan

3.1 Anh huong ciia nong ¢ dung dich NaOH
deén ham luong xenlulozo trong bot than day

X 1y bot than day bang dung dich
NaOH dé loai boé hemicellulozo, lignin, axit
béo,... va lam giau xenlulozo. Trong qua trinh
xtr 1y kiém, khéi lugng bot thin day giam
nhanh khi ting nong d6 NaOH tir 5 dén 10%;
khi tiép tuc ting nong d6 NaOH trén 10% thi
khdi lugng bot than day giam khong nhiéu va
6n dinh (hinh 1), diéu d6 c6 nghia 12 ham lugng
xenlulozo dat muirc cao, on dinh.
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Hinh 1. Sy thay d6i ham lugng xenlulozo trong bot
than day theo ndng d¢ NaOH.

Khi xtr 1y bang dung dich NaOH 5%, chi s6
Crl cua xenlulozo trong bot than day ting thém
16,72% (hinh 2). Tuy nhién, khi né)ng do NaOH
tang thi chi s6 Crl lai giam déan va dat gid tri toi
thiéu 12 45,45% tai ndng d6 NaOH 1a 15%. Sau
d6, chi s6 Crl ting nhe khi ndng d6 NaOH ting
dén 20% va dat gid tri 6n dinh. Piéu nay c6 thé
do, khi néng d6 dung dich NaOH thap thi chi
vung vO dinh hinh va ving tinh thé bé mit
trong chu tric xenlulozo phan Gmg voi klem va
sap xép lai ciu tric dan dén 1am tang chi sb tinh
thé [6]; con khi tang ndng do NaOH dén 15%,
dung dich NaOH d& dang tiép xiic Vi cdc vung
tinh thé cua xenlulozo va phé vo céu tric tinh
thé dan dén chi sb tinh thé giam déng ké. Tuy
nhién, khi dung dich NaOH n6ng dd cao thi do
nhét dung dich 16n da 1am giam kha ning tiép
xiic giita xenlulozo v&i dung dich, nén chi s6
CrI van 16n [6]. Nhu vy, c6 thé thiy ndng do
NaOH 15% 1a ndng d6 thich hop nhat dé giam
céc viing két tinh trén xenlulozo.

3.2. Anh huong diéu kién phdn iimg dén hiéu
suat dong trung hop ghép AN lén bot than day

Céc yéu to anh huong dén phan tmg ghép
AN Ién bot than day duoc ddnh gid bang ty 1é
ghép (G - phan trim khi lwong AN duogc ghép
so v6i khoi lugng bot than day) va hiu suat
ghép (E - phan trim khdi lugng AN duogc ghép
50 v6i khéi lugng AN phan ing).

Crl (%)

0 I\ 1IO llF 2[0 EIS
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Hinh 2. Sy thay doi chi s Crl ciia bot than day theo

ndng d¢ NaOH.

Phan tng dong tring hop ghép AN Ién bé
mdt bot than day sir dung hé khoi mao SB/APS
xay ra theo co ché goc ty do. Cic goc tu do
dugc hinh thanh tir phan @ng cia cdc chét trong
hé khoi mao (phdn tng 1) khéi xudng cho phan
tmg ddéng trung hop ghép AN 1én mach
xenlulozo va phan tng trung hgp AN.

H,0 + HSO5 +2S,05” > 3HSO, +2S0,* (1)

Céc diéu kién phan tng bao gom ti 1¢ nong
d0 cdc chat cta h¢ khoi mao SB/APS, ty 1¢ khdi
Iugng AN/bot than day, nhiét d va thoi gian
phan ng anh huéng dén hiéu sudt phan tmng
dong tring hop ghép AN Ién bot thin day.

Ty 1¢ ndng do cdc chat SB/APS va nong do
[1] cua hé khO’l mao ([I] = [SB] + [APS]) duoc
khao sdt voi ndéng dd APS c¢b dinh 12 0,2 mol/L
con ndng d6 SB thay dbi tir 0 dén 0,2 mol/L cho
thiy, ty 1& ghép (G) dat 2,51% khi h¢ khoi mao
chi c6 APS va tang 1én 2,55% khi ty 1€ SB/APS
1a 0,25. Piéu nay ching t6, khi ndng d6 SB
thap, phan ung khoi mao do APS déng vai tro
chinh. Khi ty 1¢ SB/APS tang 1én 0,5 thi phan
mg khoi mao tao thanh nhiéu gdc tu do hon,
din dén G tang 1én 3,83% va khi ty 1¢ nay la
0,75 thi G dat gia tri cao nhét 1a 13,13%. Ty 1&
SB/APS tiép tuc ting 1én 1 thi G va E giam do
céc gde ty do khoi mao tao ra 16n dan dén phan
Ung trung hop tao poly-AN canh tranh v6i phan
g dong tring hop ghép, cdc gbc tu do ciia AN
phan ng véi nhau lam giam hiéu qua ghép AN
1én bé mit bot than day.
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Hinh 3. Anh hudng cua ty 18 SB/APS dén hiéu suat
dong trung hop ghép AN Ién bt than day.

Tir két qua néu ¢ hinh 3, ty 1& SB/APS =
0,75 duoc lua chon dé nghién ctu anh hudng
cla téng néng do hé khoi mao [I] dén kha nang
ghép. Ban dau, khi tang nong do hé khoi mao,
ty 1¢ ghép va hiéu suét ghép tang, sau d6 giam
dan (hinh 4). Kha nang ghép t6t nhét dat duogc
khi nong do chat khoi mao 1] 1a 0,35 mol/L,
khi d6 G 1a 13,13% va E 1a 3,24%. Nong do
chat khoi mao ting dan dén cic vi tri gbc ty do
trén mach xenlulozo trong bt than day ting
1en, lam cho ty 1¢ ghép va hi¢u suat ghép ting
1én. Nhung khi ndng do vuot qua 0,35 mol/L,
cic gbc tu do cua AN tao ra nhidu s& gdy ra
phan tmg tring hop AN chiém wu thé. Xu
huéng nay ciing dugc quan sat thay trong cic
nghién ctru da cong bd dbi véi cac hé khoi mao
oxi hoa khtr khac [7].
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Hinh 5. Anh huong cua ty 1€ AN va
bot than day dén hiéu suat ghép AN.

Hinh 6. Anh hudng ctia thoi gian
phén ung dén hi¢u suat ghép AN.

E (%)

Hinh 4. Anh huéng ndng d6 hé khoi mao SB/APS dén
hi¢u suat dong trung hgp ghép AN Ién bot than day.

Ty 1¢ khdi lugng AN va bot than day 1a yéu
t6 anh huong quyét dinh dén hiéu suat cia qud
trinh ghép AN, hinh 5. Khi tang ty 1&¢ AN va bot
than day tir 1,62 1én 4,05 thi G ting twong doi it
tir 3,59 dén 13,13%. Khi ty 1¢ AN va bot than
day ting 1én dén 4,86 thi kha ning ghép ting
1én rt nhanh, G dat cao nhat 1 88,63% va E 1a
18,24%. Diéu nay xay ra c6 thé do nong do AN
cao da lam ting kha nang tiép xiic ciia AN véi
mach xenlulozo, déng thoi su khuéch tdn cdc
monome AN thim siu viao bé mit truong nd
ctia bot than day dan dén hiéu sut ghép tang.
Tuy nhién, ty 18 va hiéu sudt ghép lai c6 xu
huéng giam nhanh khi tiép tyc tang ty 1¢ AN va
bot than day vugt qua 4,86 do Xéy ra sy canh
tranh gitrta phan tng truing hop AN va phan ng
ddng tring hop ghép.
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Hinh 7. Anh huéng ciia nhiét do
phan ting dén hi¢u suat ghép AN.
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Két qua nghién ctru anh hudng cua thoi
gian va nhiét do phan tmg t6i hiéu sudt ghép
AN trén bot than day cho thiy, hi¢u suat ghép
AN tang nhanh khi thoi gian phan tmg tang tir 2
gio dén 2,5 gio va dat gid tri ty 1¢ ghép va hi¢u
suat ghép toi da twong ung la 131,36% va
27,03% & 2,5 gio (hinh 6). Tuy nhién, sau 2,5
gi0 thi kha nang ghép c6 xu hudng gidm co thé
12 do su hoa tan mot phan san pham ghép khi
tiép xic trong thoi gian dai nhiét do 60°C.
Trong khi d6, nhiét d6 phan ung quyét dinh
dong hoc ctia qua trinh ghép. Ty 1€ ghép va hi¢u
sudt ghép cao nhat dat dugc khi nhiét do phéan
tmg & 60°C lan luot bang 131,36% va 27,03%
(hinh 7). Nhung khi nhiét d§ vuot qua 60°C thi
phan tng khoi mao sinh ra mot lugng 16n céc
géc tu do trong mot don vi thoi gian. Mat khac,
khi nhiét d tang, d6 linh dong cua céc géc tu
do s& ting va cdc phan tmng triét tiéu gbc ty do
1An nhau ting dan dén lam giam hiéu suat phan
ung ghép.

3.3. Anh huong diéu kién phan ung dén phan
ung amidoxim hoa

Su hinh thanh nhém amidoxim chiu anh
huong cia nong d6 NH,OH.HCI. Sin phim
ghép AN c6 ham lugng nito cao 3,18% duogc st
dung dé thyc hién phan tng véi NH,OH.HCI.

Khi nong d6 NH,OH.HCI tang tir 2,5 1én
10%, ham luwong nito trong vat liéu tadng lén
déng ké, didu nay minh chimg cho sy hinh
thanh nhom amidoxim (- C(NH,)=N-OH) trén
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Hinh 8. Anh hudng ciia nhiét d6 dén phan tng
amidoxim héa.

bot than day khi xdy ra phan tng giita nhém
nitril  (-CN) v6i NH,OH. Khi ndng do
NH,OH.HCI ting 1én tir 10 dén 15% thi ham
lugng nito ting khong dang ké do su bao hoa
cua cac vi tri ¢é chra nhom nitril, theo d6 ham
luong nito dat 8,35% & 10%, 8,43% & 12,5% va
8,54% 6 15%.

Nhi¢t d6 va thoi gian phan Ung c6 anh
huéng manh dén su hinh thanh nhém amidoxim
trén bé mat bot than day. Két qua nghién ctru
nhan duwgc cho théy, ham Iugng nhém
amidoxim, thé hién qua ham lugng nito trong
vét li€u tdng nhanh khi nhiét d§ phan ng ting
tir 25°C dén 60°C va dat i da la 10,47% &
60°C. Khi tang nhiét d6 1én trén 60°C thi ham
luong nito trong vat liéu gidm manh, hinh 8; c6
thé ¢ nhiét d6 nay da xvc tién qué trinh tich
nhém nitril ra khoi bé mat bot than day, dan dén
lam giam cdc vi tri hoat dong trén bé mat vt
liéu. Trong khi d6, néu duy tri nhiét do phan
g & 60°C, ndng d6 NH,OH 10% va thay doi
thoi gian phan (mg amidoxim héa tir 60 dén 360
phiit thi thiy lwong nhém amidoxim trong vt
liéu tang & giai doan dau va dat 6n dinh sau thoi
gian phan tng la 240 phit, hinh 9. O giai doan
dau cua phan mg, s6 lugng nhém nitril c6 san
trén bé mdt bot than day tham gia vao viéc hinh
thanh nhém amidoxim; khi tang thoi gian phan
g, s6 lwong cic nhém nitril da giam manh toi
mot luong nhét dinh, dan dén hiéu sut phan
{g thay d6i khong nhiéu.
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Hinh 9. Anh hudng ciia thoi gian dén phéan g
amidoxim hoéa.
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3.4. Pac tinh cua vat lieu amidoxim héa

Khi nghién ctru ph6 nhidu xa tia X ciia bot
than day trudc khi bién tinh cho thay, vat li¢u
nay c6 chua xenlulozo ¢ dang xenlulozo I véi
cic dinh nhidu xa dic trung xudt hién & vi tri
goc 20 1a 22,52° (002); 16,01° (101) va 15,11°
(101). Theo d6, chi sb tinh thé cta xenlulozo
(CrI) trong vat liéu dugc tinh todn theo phuong
phap Segal [5] bang 55,76%. Diéu d6 c6 nghia
12 55,76% xenlulozo trong bot than day ton tai
& dang tinh thé.

Trong khi d6, bot than day da duoc
amidoxim héa c6 nhiing déc tinh kha khac biét

Hinh 10. B& mit vat liéu trude (a) va sau (b) X ly.

Phé hép thu h6ng ngoai cua vat li¢u
amidoxim héa xuét hién ba dinh pic & cdc vi tri
c6 bude séng 2.260, 1.660 va 910 cm-1 tuong
g v&i céc lién két -CN, -C=N va -N-OH, hinh
11b. Cic nhém nay xuat hién trén bé mit vat
liéu do phan ung cda hydroxylamin trong phan
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s0 voi bot than day trude khi bién tinh. V& dic
diém hinh thdi, bé mat bot than day trudc bién
tinh ¢6 cdc mang bdm nho dang vay, hinh 10a;
vat lidu dd amidoxim héa c6 bé mat day va xdp
hon so véi than day ban dau, hinh 10b.

Phd hép thu hdng ngoai cta bot than day
true bién tinh cho thdy, bot than day c6 chira
céc nhém hydroxyl (-OH) (3.350 cm-1) ton tai
trong lién két hydro lién phén tir, ndi phan tir
cua xenlulozo, hemixenlulozo, lignin, cacboxyl;
nhém cacboxyl C=0 (1.739 cm-1); lién Kkét
C=C (1.598 cm-1) cua axit béo; li€n két C-O
(1.250 cm-1) & vong thom cua lignin va lién két
C-H, hinh 11a.

b ‘-\.l_

Hinh 11. Phé IR cua vat liéu trude (a) va sau (b) xir ly.

tor NH,OH.HCI véi nhém nitril nhém amidoxim
(- C(NH,)=N-OH) trén bot than day, phan ng
2. So voi bot than day trudce khi bién tinh, cho
thdy dda gin dugc cdc nhém hoat dong
amidoxim Ién trén bot than day.

HO-NH, + -CN = - C(NH,)=N-OH 2)
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Vit liéu amidoxim héa dd duoc khao sat
danh gi4 thé dién dong bé mat. Két qua nhan
cho thy, thé dién dong bé mat giam theo chiéu
pH tang va vét liéu amidoxim héa c6 bé mat Am
dién hon so voi ban dau. Diéu d6 c6 nghia Ia
trén bé mat vat liéu amidoxim héa c6 kha nang
phan ly proton manh. Pay 1a uu diém cta vat
liéu bot than day bién tinh bang phuong phép
amidoxim hda. Ung dung cua loai vat li¢u nay
s& duoc néu trong céc nghién ciru tiép theo.

4. Két luan

Di xdc dinh duge mot sb dic tinh cia bot
than day. Xenlulozo ton tai trong bot than day &
dang cellulose I véi chi s6 tinh thé Crl la
55,76%. Qua trinh xir 1y bot than day bang
dung dich NaOH lam pha v& cu tric xenlulozo
tao thanh xenlulozo. Néng do NaOH 15% 1la
phit hop dé 1am giam chi s6 tinh thé cta bot
than day. Pa chon dugc diéu kién tdi wu cho
phan tmg ddng tring hgp ghép AN 1én bot than
day sau xir Iy NaOH, theo d6 nong d6 SB va
APS trong hé khoi mao phan tng tuong tng la
0,15 va 0,2 mol/L, ty 1&¢ AN/bst than day la
4,86/1 (g/g), nhiét 0 phan tng 60°C, thoi gian
phan @ng 2,5 gid. San phdm ghép AN duoc
amidoxim héa bang NH20H.HCI. Pi chon
dugc diéu kién t6i uu ciia phan ng amodoxim
héa dbi voi 1g vat liéu ghép AN, theo d6 ndng
d6 NH20H.HCI 1a 10%, nhi¢t d¢ phan Ung
60°C, thoi gian phan ung 4 gi¢. Vat liéu
amodoxim héa di dwoc danh gia thong qué phd
h?ip thu hé)ng ngoai va thé dién dong bé mit.

Loi cam on

Céc tic gia xin chan thanh cam on PGS.TS
Db Quang Huy, cdn bo giang day Truong Dai
hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha
Noi dd c6 nhing ¥ kién déng gép quy bau dinh
hudng cho nghién ctru nay.
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Study on Manufacturing of Absorption Material by Modifying
Jute Tree Powder to Remove Heavy Metal lons from Water
Part I: Characterisation of Modified Jute
Tree Powder Material

Le Van Trong', Do Thi Viet Huong?®, Pham Thi Dinh?, Pham Van Quang®

"Food Industries Research Institute, Ministry of Industry and Trade
VNU University of Science

Abstract: The jute tree powder was modified by graft polymerization method acrylonitrile with
redox initiator system of sodium bisulphite / amonium persulphate and performed the amidoximization
of obtained products by hydroxylamine hydrochloride in alkaline environment. The influence of the
concentration of the reactants, time and temperature were studied to determine the optimal conditions
for modifying materials. Properties of the materials were characterised by scanning electron
microscope, infrared absorption spectroscopy, zeta potential and adsorption capacity Zn**, Ni** and
Cu®*. The study results showed that modified jute tree powder has thicker and more porous surface
compared to the same materials before modification. In infrared absorption spectrum showed peaks at
2260, 1660 and 910 cm™, characterized for respectively -CN, -C=N and -N-OH bonds of the
amidoxime surface group.

Keywords: Modified jute tree powder, remove heavy metal ions from water.



