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TOM TAT

Trong nghién ciru nay mét loai vat liéu hdp phu
polystyrene khau mang chira nhom sulfonate dang hat
tron dwgc tong hop bang phan ing polymer héa nhii
twong véi hiéu sudt 75 + 5 %, kich thudéc dao dong tir
30-180 um. Pé c6 duwoc dung lwong t6i wu cho cdc
amine thom (1,0 meqv/g) diéu kién sulfonate héa bang
sulfuric acid dwoc tinh todan tir mé hinh quy hoach thuc
nghiém. San pham thu dwgc siv dung lam pha tinh cho
cot chiét pha rdn (SPE) dé lam giau 18 amine thom bi

cam c6 nguon goc tir phdm nhuém azo trong vdi soi cé
trén thi trieong. Két qua phan tich trén thiét bi HPLC-
DAD, cho gidi han dinh luwong cua phwong phdp la 2
ppm , dwong chudn cé hé sé twong quan R > 0,9997,
hiéu sudt thu hoi doi véi hau hét cac amine thom > 80
% va RSD <5 %. Ngodi ra két qua phan tich ciing dwoc
doi chiéu lai véi két qua phan tich theo tiéu chudn quoc
1é BS EN 14326-1: 2012 va BS EN 14326-3:2012.

Tir khéa: chiét pha rdn (SPE), polystyrene khdu mang, sulfonate héa, amine thom, pham nhuém azo

MO PAU

Ngay nay, viéc tach va lam giau chat phan tich
trong quy trinh xir ly mau, két hop véi cac phuong
phap phan tich hién dai nhim phét hién va dinh luong
céc hop chit ¢ ham lugng vét rat duoc quan tam. Céc
phuong phap tach va lam giau thuong dugc su dung
nhu: chiét long-long, két tua, cong két, chiét pha
ran...trong cac phuong phap do6 thi phuong phap chiét
pha rin (Solid Phase Extraction-SPE) c6 nhiéu wu
diém nhu 1a d6 chon loc, hé s6 1am giau cao, st dung it
dung méi, thao tac don gian, dé tu dong hoa va tuong
ddire tien [1, 2].

Silica dang hat tron thuong duogc sir dung lam vat
licu nén dé ghép cac loai ligand khac nhau tao thanh

nhiéu loai vat liéu hip phu. Tuy nhién do khoang pH
hoat dong hep (2-8) va c6 su hién dién cua cac nhém
silanol trén bé mat cua vat lidu tao nén cac tuong tac
phu khéng mong muén, nhat 1a dbi véi céc hop chat c6
tinh base [3]. Do d6, trong nhiéu truong hop silica duoc
thay thé bang polymer hiru co ma phd bién nhat 1a
polystyrene khau mang. Vat liéu poly (styrene-co-
divinylbenzene) (PS-DVB) dugc tong hop tir styrene
(PS) va divinylbenzene (DVB) bing phan tng tring
hop theo co ché gdc tw do. Mirc 6 khau mang cua vat
lieu PS-DVB phu thudc vao ham lugng DVB. Ham
luong DVB cang cao vat liéu c6 do bén co hoc cang
cao va it bi trwong nd trong dung mdi hiru co. C6 nhiéu
phuong phap tong hop vat liéu PS-DVB nhu polymer
héa huyén phu [4], polymer héa dung dich [5] hay
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polymer héa nhii twong [6]. Véi ki thuat polymer héa
nhii twong, pha dau chira monomer, chat khoi mau va
dung mdi tao 16 xp duge phan tan trong nudc chira cac
polymer nhu polyvinylalcohol nham tranh sy két tu lai
céc hat diu. Dudi tac dung cua nhiét do va su khudy
tron dung dich lién tuc qué trinh polymer hoa xay ra tao
thanh hat polymer tron véi kich thude thich hop cho
ung dung SPE (tir 30 — 200 um) [6]. Polystyrene khéau
mang c6 thé dung trong khoang pH rong tir 0-14, cau
tric cua vat ligu gdm nhiing vong benzene cho tuong
tac m-w va tinh ky nude cao nén cho twong tic manh vai
céc hop chit khdng phan cuc hop chat co dién tir tu do
hodc hé dién tur lién hop. Mot s& nhdm chie phan cuc,
ion dugc ghép trén vat liéu ndy nham cung cip cac loai
tuong tac khac cling nhu mé rong pham vi tng dung
VA0 C4C mau nudc [7].

C6 2 phuong phap bién tinh bé mat vat liéu: s
dung cac monomer da c6 san nhom chirc nhu monomer
vinylbenzyl chloride, day 1a hop chit trung gian, 1a cau
ndi cho viéc bién tinh bé mat vat lieu PS-DVB sau khi
thuc hién phan @ng polymer héa [8, 9] hoic bién tinh
tryc tiép bé mat vat liéu nhu sulfonate hoa véi sulfuric
acid [10].

Trong nghién ctru nay, ching toi tap trung vao viéc
bién tinh bé mat vat liéu nén PS-DVB bing phan ¢ng
sulfonate hoa tao dung lugng hap phu phi hop nhat voi
nhom hop chit amine thom , doi hoi ca 2 loai tuong tac
n- © va ion-ion. M6 hinh quy hoach thuc nghiém da
dugc nghién ciru trude day dugc Gng dung dé chon
diéu kién phan tng sulfonate hoa cho dung lwrgng mong
muén [11]. Muc tiéu chinh cua nghién ctu la ung dung
san phiam vao viéc phan tich mot sb hop chit amine
thom bi cdm, ¢ trong cac san pham dét may (vai soi)
[12] va so sénh voi phuong phap phan tich chuan qudc
t& nhu BS EN 14362-1:2012 [13] va BS EN 14362-
3:2012 [14].

VAT LIEU VA PHUONG PHAP

Héa chit va dung cu

Céac hoa chit st dung thudc loai tinh khiét cho
phan tich gom styrene, benzoyl peroxide, 1-dodecanol,
toluene, sulfuric acid, glacial acetic acid,
chlorobenzene, ethyl acetate, sodium hydroxide,
ammoniac, nitric acid, ammonium acetate, sodium
sulfate, sodium thionite, citric acid, ammonium
dihydrogen phosphate, disodium hydrogen phosphate
(Merck, Germany), divinylbenzene, polyvinyl alcohol
Mw =77 000 (Sigma-Aldrich, Germany). Cac hop chat
amine thom co do tinh khiét tr 99-100 % (Dr.
Ehrenstorfer GmbH, Germany). Dung dich chuin géc
1000 mg.L pha trong methanol va bao quan ¢ -4 °C.
Dung dich dém citrate pH 6,0 pha tir citric acid va
sodium hydroxide.

May do d¢ dan LF538 (WTW, Germany) str dung
dé xéc dinh dung luong hap phu cua vat ligu.

May HPLC 1290 Infinity (Agilent), c6t ZORBAX
SB-phenyl 5 um x 4,6 mm x 250 mm (Agilent), thé tich
tiém 10 L, nhiét do cot 25 °C, téc d6 dong 0,6
mL/phdt. Tién hanh do tai 2 budc séng 240 va 280 nm,
quét phd tir 190 nm dén 460 nm. Thanh phan pha dong
gom acetonitrile (A) va dém phosphate 10 mM pH 6,90
(B) V6i chuong trinh gradient pha dong thay ddi theo
ACN nhu sau: 0-6 phit (20 % —34 %) giit 34 % dén
phit thtr 15, tr 15-30 phit (34 % —60 %), tur 30-34
phut (60 % —70 %), tir 34 —37 pht (70 % —-90 %), tir
37-38 pht (90 % 20 %).

Quy trinh téng hep vat liéu poly (styrene —co-
divinylbenzene) dwoc sulfonate héa (SPS)

Vit liéu SPS duoc tong hop théng qua 2 giai doan.
Giai doan thu nhat 1a tong hop vat liéu nén PS-DVB,
giai doan the hai 12 bién tinh bé mat vat liéu bang tac
nhan sulfuric acid thanh SPS.

Vit liéu nén PS-DVB dang hat tron duoc téng hop
bang phuong phap polymer hoa nhii v6i pha dau gom
styrene (33,6 %), divinylbenzene (6,4 %), chat khoi
mao benzoyl peroxide (3 %, theo tong khéi lwong 2
monomer) tat ca dwoc hoa tan trong hdn hop dung mdi
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tao 16 xdp toluene (19,0 %) va 1-dodecanol (41,0 %).
Pha nudc poly vinyl alcohol (PVA) 0,25 % (khéi
lwong/ thé tich, w/v), ty 1& pha dau:pha nuéc (1:5, khdi
lwong/ thé tich v/v). Phan tng xay ra tai 80 °C trong 12
gio. Sau khi phan tng polymer hoa két thac, san phiam
duoc l1am sach véi nudc cat tai nhiét do 50-60 °C dé
loai bo lwong PVA du. San pham tiép tuc dwoc chiét
Soxhlet bing MeOH trong 24 gio nhim loai bo
monomer chua phan tng, dung mdi tao 15 xp va chat
khoi mao phan ung. Say kho san pham qua dém ¢ 60
°C.

Giai doan bién tinh bé mat vat liéu duoc thuc hién
nhu sau: cn 0,5 g PS-DVB tham w6t bang 1,5 mL
acetic acid va lam lanh trong 15 phut ¢ 0 °C, thém tur tir
49,5 mL sulfuric acid va thuc hién phan tng sulfonate
hda trong 310 phut tai 30 °C (nhiét d phong). Sau khi
phan ung két thdc, rira san pham nhiéu lan bang nuéc
cat cho dén khi dung dich rira trung tinh va say qua
dém & 60 °C.

Kiém tra dung lweng hap phu cia vat ligu SPS

Nhoi 100 mg vat liéu SPS vao cot SPE, tién hanh
hoat hoa cot bang 5 mL HNOsl M, rira lai bang nuéc
c4t 2 lan cho dén khi trung tinh. Sau d6 tai dung dich
Pb2* 150 ppm qua cot, tbc d6 1 mL/phat. Cix mdi
10 mL dung dich qua cot dugc xac dinh khdi lugng
Pb?* d4 hap phu Ién trén vat liéu bang phuong phap do
do dan dién.

Quy trinh xir Iy miu vii polyester hoic vai cotton

Ddi vai vai polyester, cot 1,0 g mau vai bang chi
tring (100% cotton) va treo vao binh ciu di c6 sin
25 mL chlorobenzene va khong dé miu tiép xdc voi
dung dich. Pun hoan luu dé chiét pham nhuoém trong
30 phdt hoic cho téi khi dung méi rot xudng khong
mau rdi 1am lanh tai nhiét d6 phong. C6 quay tai nhiét
do 60°C, ap suit 60Pa cho dén khi thé tich
chlorobenzene con lai khoang 1 mL, chuyén sang 6ng
phan tng va théi nhe bang dong khi N, (¢ 70 °C) dé

loai hét dung méi. Sau d6 thém 2 mL MeOH vao ng
phan tng, danh siéu 4m dé hoa tan hét miu bam dinh
trén ng. Thém 15 mL dung dich dém citrate (da duoc
@ 70 °C trudc), cho vao bé u nhiét tai 70+2 °C trong 30
+ 1 phat. Thém tiép 3 mL dung dich Na,S;O4
(200 mg/mL, chuan bi moi mdi khi phan tmg), dong
nap, lic manh dé phan tng xay ra tai 70+2 °C trong
30+1 phat. Sau d6, 1dy miu ra lam lanh tai nhiét do
phong trong 2 phat, thém 1 mL acetic acid [16]. Tai
dung dich mau qua cot SPS (100 mg) di dugc hoat hda
lan luot v6i 5 mL MeOH, 5 mL H,0, 5 mL acetic acid
5 % (v/v) roi tai dung dich sau khi acid hoa & trén, toc
d6 1-2 mL/pht. Rira cot lai véi 5 mL H,0. Sau d6 rit
kho cot bang bom chan khong. Rira giai mau bang 1
mL hon hop MeOH:NHjs (4:1) (v/v) [11], loc qua mang
loc 0,22 pm truéc khi phén tich bang HPLC/DAD.

Lvu y néu miu vai sau khi chiét bang
chlorobenzene van con mau thi giit lai phan mau vai
d6, 1am kho bang khi N,. Sau d6 cit mau nho lai véi
kich thuéc 3 mm x 3 mm va cho tryc tiép vao éng phan
ung chira dich chiét sau khi dd dwoc hoa tan bang
MeOH.

Dbi véi vai loai cotton tu nhién thi khéng can chiét
bang chlorobenzene ma chi can cat nho mau (3 mm x
3mm). Cho truc tiép vao 6ng phan ung, thém 2mL
MeOH, thuc hién tiép tir budc thém dém citrate nhu
trong quy trinh trén.

Quy trinh xir ly miu xac dinh p-aminoazobenzene
dbi véi vai polyester hozc cotton

Néu két qua phan tich cc amine ¢ quy trinh trén
phat hién 1,4-phenylenediamine va aniline hoac chi cé
aniline (> 10 ppm) hoic c6 p-aminoazobenzene thi
chuan bi lai mau do, thuc hién quy trinh x4c dinh riéng
p-aminoazobenzene vi c6 thé p-aminoazobene c6 thé bi
phén huy thanh 1,4-phenylenediamine va aniline (Hinh
1).
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1. Na25204 (70 °C)

NHy HN
HoN

2. pH 6,0
p-aminoazobenzene

1,4 phenvlenediamine Aniline

Hinh 1. Phan ung phén hay cua p-aminoazobenzene

Déi véi vai polyester, mau thuc hién dugc chiét voi
chlorobenzene va thdi khd bang khi N2 nhu quy trinh
trén. Sau d6 thém lan luot 9 mL dung dich NaOH 2 %
(Wiv), 1 mL NazS;0; (200 mg/mL), dong nip, lic
manh. Cho vao bé  nhiét ngay lap tic, phan ang xay
ra tai 40+2 °C trong 30+1 phit. Khi phan ung két thc,
ldy mau ra 1am lanh tai nhiét d6 phong trong 2 phut rdi
tai dung dich qua cot SPS, rira giai va phan tich bang
HPLC/DAD nhu quy trinh cho céc amine thom khac.

Di voi vai cotton ty nhién thi khéng can chiét
bang chlorobenzene ma chi can cit nhé mau (3 mm x 3
mm). Cho tryc tiép vao 6ng phan Gng, thém 2 mL
MeOH, thyc hién tiép tir budc thém dung dich NaOH 2
% tuong tu nhu trén vai polyester.

KET QUA VA THAO LUAN
Vit li¢u hip phu SPS

Vit ligu nén PS-DVB sau khi téng hop bang

phuong phap polymer héa nhil tuong c6 dang hat, mau

Hinh 2. Hinh anh hat vat liéu nén PS-DVB
dudi kinh hién vi quang hoc d6 phong dai 200 1an

Cumu%

trang va Ky nudc. 75 % hat co kich thuée tir 30-180
um, phi hop dé lam pha tinh cho ¢t SPE (Hinh 2, 3).

Vit liéu sulfonate SPS sau khi phan tng chuyén tir
tring sang mau vang nau, phan tan dé dang trong moi
truong nude. Trong khi d6 vat liéu nén PS-DVB, khong
thAm nudc va ndi 1én trén hoan toan. Két qua nay con
cho thdy vat liégu SPS di duoc gin cac nhom thé
sulfonate phén cuc Ién trén vong benzene khong phéan
cuc, giam tinh ki nudc cua vat liéu ban dau xudng cach
ro rét.

Do phd hong ngoai (IR) cua vat lieu SPS (Hinh 4)
cho thiy tai miii & vj tri 3371 cmt ¢d dang ti caa O-H,
mili S=0 ¢ 1127 cm?, ¢6 cac nhom miii tr 763 cm?
dén 1035 cm? cua néi S-0O, Pidu d6 ching to cau tric
vt liéu c6 nhdm -SO3H. Ngoai ra con c6 cdc nhom mili
dic trung cua vong benzene nhu mii 2950 cm™ (yéu)
cia ndi C-H, mii 1400-1600 cm (yéu) cua ndi C=C
va mii 700 cm™ (manh) cua cac nhém thé para, meta.
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Hinh 3. Phan bé kich thudc hat PS-DVB
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Hinh 4. Phé IR cua vat li¢u SPS
Két qua xac dinh dung luong cho thay vat liéu SPS  giam dot ngot cua do dan trén dd thi dong hoc hap phu
¢6 dung luong 1,04 meqv/g (RSD < 1,31%) phi hop  chung to tdc do truyén khdi ciing nhu can bang hap phu
V6i gia tri dung lugng mong muén 1a 1,00 meqv/g can xay ra nhanh va c¢6 d¢ lap lai cao gitra cac cot SPE
thiét cho tuong tac da co ché véi cac amine thom. Viéc trong cing mét mé (Hinh 5).

500 (nsfcm)
400 ' v v v v v v v v\ e | 31 1
300 \\ el | 30 2
200 \ Lan3
100 —— Y v l
0 : : : mPb¥ (mg)
0 5 10 15 20 25

Hinh 5. Pudng dong hoc hap phu Pb2* Ién vat liéu 2MS véi dung lwong 1,04 meqv/g
Xay dung dwong chuin cho cac amine thom
Khoang tuyén tinh ciia hdn hop 18 amine thom c¢6 ndng do tir 2,0-80,0 ppm. Gidi han dinh lwong (LOQ) ap
dung cho tat ca 18 amine thom déu tir 2,0 ppm. Sic ky dd thé hién thoi gian luu cac amine thom (Hinh 6).

< 240 nm ; i 2o 280mm

Hinh 6. Sic ky d6 ciia cac amine thom & 2 budc sng 240 nm va 280 nm
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Hiéu suét thu hdi cac amine thom trong miu vai.
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Hinh 7. Hiéu sut thu hdi cac amine thom cac mau vai khac nhau (n=9)

Trong nghién ciru nay ching toi sir dung 9 mau vai
khac nhau (100 % polyester va 98 % cotton) mau sau
khi dwoc thuc hién phan wng amine hoéa, thém chuan
ndng d6 10 ppm dé xac dinh hiéu suat thu hdi trén nén
mau thyc. Két qua duoc trinh bay o Hinh 7.

Hiéu suat thu hoi dbi voi cac mau tuong ddi tot,
hau hét trén 70 %, dap tmg dugc so véi yéu cau trong
tiéu chuan BS EN 14362-1:2012 (Hinh 7). Tuy nhién
véi 2 amine thom 3,3-dichlorobenzidine va 4,4-
methylenebis (chloroaniline), hiéu suat thu hoi chi dat
lan luot 58 % va 68 %. Nguyén nhan la do gia tri pKa
cua 3,3-dichlorobenzidine la 2,70 va 4,4-methylenebis
(chloroaniline) < 3,50 trong khi d6 khi acid hoa bang
acetic acid pH~3,50 chua du dé proton hoa 2 amine nay

nén lién két tinh dién giira nhom amine proton héa véi
nhom sulfonate kém. Lic nay tuong tac gitta vat liéu va
chat phan tich chu yéu theo co ché n-m cua vong
benzene nén kha niang hip phu ddi véi 2 hop chit nay
¢6 phan han ché.
Hiéu suét thu hdi déi véi p-aminoazobenzene

Khoéng chi luu gilt dugc cac amine thom trong moi
truong acid ma ngay ca trong méi truong kiém cao
(pH~12) thi vat liéu SPS van c6 kha niang luu gitr tot
dbi véi chat p-aminoazobenzene véi hiéu suit thu hoi
~90 % (Hinh 8). Diéu nay cé thé ly giai do nhém
phenyl trong phan to p-aminoazobenzene tuong tac
chinh v&i nhém phenyl cé trong ciu tric vat liéu SPS
hon 1a tuong tac tinh dién.

100.0%

Hiéu suat thu hdi p-aminoazobenzene (n=3)

90.0%
80.0%
70.0%
60.0%
50.0% pem

2ppm Sppm 10ppm 30ppm 50ppm

Hinh 8. Hiéu sut thu hdi p-aminoazobenzene bang vit liéu SPS
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Xac dinh amine thom c6 trén nén miu dwong tinh

Phan tich 4 mau vai duong tinh ky hiéu Positvel, 2, 3, 4 va so sanh két qua véi quy trinh thuc hién theo tiéu
chuan BS EN 14362-1:2012 [13] va BS EN 14362-3:2012 [14]. Két qua duoc thé hién ¢ Bang 1.

Bang 1. Két qua phan tich 4 mau vai duong tinh

Tho?fazn ve Quy Két qua phan tich mg kg™
Ky higu trinh
i Thanh Mau thuc YU 1 2 Phong
phan sic hién Chat phat hién HPLC/DAD! | GC/MS TN khac®
. 100 % Xanh _—
Positive 1 Cotton rau 24.1 2,4-toluenediamine 88,12 54,02 -
PEva | @M
Positive 2 S nude 2.4.1 Benzidine 16,44 13,92 15,56
soi khac . X
bién
.. 100 % 4,4-
Positive 3 PE den 2.4.1 diaminodiphenylmethane 51,14 42,00 -
Positive 4 P.E V&} do do 24.2 p-aminoazobenzene 220,40 238,50 256,30
soi khac

1: Xt Iy mAu trén cot chiét SPS, phan tich bang HPLC/DAD.

2: Xuly méu theo tiéu chuin BS EN 14362-1:2012 va BS EN 14362-3:2012
3: Két qua dugc so sanh vdi phong Thi nghiém thudc cong ty TNHH TUV-SUD VIETNAM

Tir cac két qua trén cho thay viéc hap phuy Ién vat
lieu SPS tu tong hop cho két qua tét hon 1a st dung
phuong phap chiét long-long khi phan tich bang
GC/MS. DPéi v6i miu Positive 1 phat hién 2,4-
toluenediamine, day 1a hop chat d& bi phan hiy trong
qué trinh xir Iy mau. Khi st dung phuong phap chiét
long-long [13], sau d6 lai ¢o quay chan khdng, thdi khd
bang khi N2 thi viéc mat mau khong dé tranh khoi. Do
d6 BS EN 14362-3:2012 chi quy dinh hiéu suét thu hoi
chi c6 50 %. Khi hap phu Ién cot SPS thi han ché qua
trinh mat mau. Nhung ddi véi mau Positive 4, két qua
khi str dung cot SPS thip hon 1a do mau hap phu vuot
qua dung luong vat lidu, nhung két qua vin dam bao
khong chéch qua 20 % cho phép cia BS EN 14362-
3:2012 [14]. Bén canh d6, phuong phap con bi han ché
vé sb luong chat can phan tich, thoi gian phan tich. Do
d6 can t6i wu, chuyén sang hé dung mdi rira giai méi co

thé phan tich bing GC/MS, thuan loi vé mit thoi gian
va ca tinh kinh té.
KET LUAN

Nghién ciru da tong hop thanh céng vat liéu nén
PS-DVB bing phuong phép polymer héa nhil tuong
VGi hiéu suat tuong ddi cao. San pham thu duoc phu
hop dé (g dung 1am vat liéu cho cot chiét pha rin. Vi
uu diém téc do hap phu va giai hap nhanh, rat ngan
thoi gian xir ly mau, khoang pH lam viéc rong cho phép
phan tich trén nhiéu loai nén miu khac nhau véi cac
chat phan tich tr phan cuc dén ca khéng phan cuc.
Nghién ctru da (ng dung thanh cbng vat liéu trong viéc
hdp phu cic amine thom c6 trong nén mau vai phan
tich trén HPLC/DAD cho két qua tin cdy so voi phuong
phap tham chiéu GC/MS. Nhitng két qua nay Ia tién dé
cho viéc phét trién va hoan thién san pham st dung lam
vat liéu cho cot sic ky long.
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Synthesis of sulfonated crosslinked polystyrene
applied to the determination of aromatic amines
derived from azo dyes In textile
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e Nguyen Thu Huong

¢ Nguyen Anh Mai
University of Science, VNU-HCM

ABSTRACT
Sulfonated microphere material based on
crosslinked  polystyrene  was  synthesized by

emulsification polymerization, the polymerization yield
was of 75 % £ 5 % and the size of microspheres was
ranging from 30-180 pm. In order to obtain the
suitable capacity for the enrichment of aromatic
amines (1.0 meqv/g) the condition for sulfonation
process were derived from the model based on an
experimental design. The products were used as a
stationary phase in solid phase extraction (SPE) to

enrich 18 aromatic amines derived from banned azo
dyes in textile. In this study, an analytical method has
been developed, with LOQ of 2 ppm. The correlation
coefficient R? of the cabliration curve was > 0.9997,
most of the aromatic amines had the recoveries > 80 %
and RSD < 5 %. In addition, a comparison between
obtained results by the developed method and those by
international standard methods BS EN 14326-1: 2012
and BS EN 14326-3:2012, was also done.

Keywords: solid phase extraction (SPE), poly (styrene-co-divinylbenzene), sulfonation, aromatic amines,

azo dyes
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