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TOM TAT

bong hpc ana phin tng trung lyp acrylamit trong néc s dung amoni pesunfat (APS) mh
la chit khoi maoda dugc nghién éu boi cong nglt tring op goc tr do. Anh hrong dia nhist
d6 phan ung, thyi gian phin tng, ng do chit khoi maodén do chuyén héa va kbi luong phan
tu trung binh aa polymeda dugc nghién éu king ‘phrong phap quy hech thre nghém va
phan mém MODDE 5.0. Kt qua cho tfﬁy diéu kien ti uu cia qua trinh trungdp acrylamit la:
nhiét do 71 °C, thyi gian 95 phut va éng do chit khoi mao 1,58.18M. Tai diéu kién nay,do
chuyén héa @a phin ung tring kyp & 99,9 %, kbi lvong phani trung binh é@a polyacrylamit
thu dugc la 4,17. 18(g/mol). Plrong trinh 6c do trang hyp xacdinh bing thyc nghém cé ding
R, = k [AM]™*"#]APSI>**® Naing lugng hat hoa trung binhiugc xacdinh 1a 61,96 kJ/mol
trong khaing nhit @6 65 - 80°C.

Tu khéa:trung hop, acrylamitdong hpc, amoni pesunfat.

1. MO PAU

Phan wng tring kyp acrylamit trong néc ¢ th duoc tién hanh bi nhiéu loai chat khoi
mao nhr: amoni pesulfat, kali pesunfat, axetyl peoxititid€ khoi mao oxi hod - kix amoni
pesunfat - ascobic, M&Os - KBrO;, K,S,05 - N&S;05 [1 - 4]. Trong khi tn hanh pAn tng
tring hyp, c6 &t nhiéu c&c ¥u t6 anh hrong dén qué trinhDé thu dugc didu kién ti wu cho
mot qué trinh, & thi nghém phii tién lam $ 1a t hop cia cac yu t6 d6. C6 At nhidu phin mém
hé tro dé xay drng k& hoach thrc nghém va xx ly s liéu, trongdé MODDE 5.0 1a mt trong
nhitng pHin mém dugc sr dung pho bién dé 1ap ké hoach ding nhr xac dinh diéu kién i uu,
phan tichanh hréng aia cac yu 6 d&én qué trinh pin tng Wi cadc ham mc tiéuduoc xacdinh
truge [5, 6]. Nghién ¢u dong hoc cia phin tng nhim x&cdinh bic phan tng, H¢ d6 phan tng
ciing nhr nang hrong hait héa @a phin ing. Tir cac théng & nay co tié danh gia qué trinh p@in
rng phu thudc manh vao céac nham tciing nhr thanh phn chit tham gia phn ung.

Trong nghién 6u trudc [3] cac ¥u t anh hrong dén do chuyén hda va khi luong phan i
cua polyacrylamitdd duoc nghién @u. Bai béo nay ép tuc dé cip dén phin ung trang lp
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acrylamit s dung chit khoi mao amoni pesunfat trong dunigll nréc, diéu kién ti vu cia qua
trinh tring kyp polymeda dugc xacdinh king phrong phap quy hach thrc nghém va ptan
mém MODDE 5.0. Phong trinh 6c do phan ¢ng va ring lwong hat héa @a phin ung duoc
xacdinh byi cac phrong phap tixc nghém.

2. THUC NGHIEM
2.1. Hoa ct
Acrylamit GHsNO (CH,=CH-CONH,) (PA - Trung Qéc): tan trong méc, d = 1,12
g/en?, M= 71,08 g/mol, amoni pesunfat (Wp5,0s (Trung Quic), axeton (TQ)0ng chin
N&S,0;5 0,1N, KI (TQ).
2.2. Tién hanh
Qué trinh tixc nghém tién hanh theo prong phap quy hach héa thre nghém duoc thiét

ké va trinh bay trén &hg 1.Diéu kién ti vu cia qua trinh trangdp acrylamitdugc xacdinh
bai phan mem MODDE 5.0.

Bang 1.Bang thiét ké thi nghém qua trinh trang ¢p acrylamit.

Nhan 6 thyc Nhan 6 Bién ma hoa (X)
we gl 2] o | +d
T: Nhiét d6 (°C) ¥ 63 65 | 725| 80| 82
tg: Thoi gian (phut) % 15 25 72,5 120 130
Ci: Nong do chit khoi mao (mmol/l) % 0,89 1,0 1,5 20| 2,11

Qua trinh trang bp acrylamitduoc tién hanh trong binh ph tng 3 & dugc két ndi voi
thiét bi khudy, thiét bi ngrng 1, va ke théng sic khi ni. Mot bé didu nhigt duoc st dung dé gia
nhiét cho qué trinh pin ung. Khi oxydugc loai khoi dung dch monome ngay woc khi tién
hanh pln ¢ng tring lop bing cach thi khi N, trong 10 phat. Nang nétido hon hop phin ang
dén nhiét do nghién ¢u, cho xtc tAc amoni pesunfat vaimhhop phin ang, ti thoi diém nay 1a
thoi diém bit diu cia phin tng. Sau niing khaing thi gian nhit dinh, dmg phin tng king
cach thém 1ml hydroquinon vadrhhop phan ¢ng, 1am nh MBn hop phin tng xubng nhit do
phong. iy mét lugng miu nhit dinh & xacdinh mic d6 chuyén hoa ling phrong phéap chin
d6 ndi doi (pheong phép Hip) theo congih (1). Két qua cudi cung 1a trung binhdng aia két
qua ba kn x&cdinh, chénhdch cho phép gia hai hn xacdinh khéng qua 1 %.

c_ 1(Vo=V)N

C
trong d6: C & ong do cua monome barau; N: nong do cia Na$0; (N); V,: thé tich aia
N&S,0; ¢ mau trang (ml); V: the tich aia NaS,05 ¢ mau (hon hop phin ung) i thoi diém i;
Vi: thé tich aia miu (hdn hop phan tng) tai thoi diém i.
~ Polyacylamit gch dungdé xacdinh khbi lugng phant trung binhduoc tinh cté bing cach
ket taa on hop dung dch sau khi plin itng ting etanol, pin monome d tan trong etanatugc
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ria va lai bo. PHin sin phim két taa dugc rra ki bang etanol thém 2ih nita dé loai bo hoan
toan monome @ saudo6 dugc siy trong @ sy chan khéngy nhigt do 70 °C dén trong hrong
khdngddi. Khéi luong phan i cia polyacrylamitduoc xacdinh theo phong phapdo do nhst
trong dung ¢th nréc & 30°C trén nidt ké Ubbelohde va piong trinh Mark-Houwink theo cong
thirc (2).

[n] =6.8.10 (M,)>*(dl/g). (2)
3. KET QUA VA THAO LUAN
3.1.Piéu kién tdi wu ciia qué trinh trung hep acrylamit tinh béi MODDE 5.0
Két qua toi uu hoa céacdiéu kién phin tng d¢é do chuyén hdéa @a acrylamit thanh

polyacrylamit Wi muc tiéudat tir 99,99dén 100 % va kbi luong phan i cao niat dugc trinh
bay trong Bng 2.

Bang 2.DBiéu kién i vu phin eng trung kyp acrylamit tinh bi MODDE 5.0.

99.99 100
- 1 400000 s00000

Iteration: | 115 Iteration slider oo |

1| 2 | = | 4 | 5 G
T (o Ty (phut) Cifmh) iter
94.78 1.5% 68
2 71.03 95,4z 1.58 99.99 416966, 54 115 -0.z24
3 71.87 94.78 1.58 95.99 416961.72 1=} -0.24
4 71.90 04,45 1.58 99.99 418942 .09 o7 -0.z24
5 71.83 95,4z 1.58 99.99 416966, 54 115 -0.z24

Két qua trén Bing 2 cho thy: Diéu kién ti wu cho qua trinh trangdp acrylamit la: thi
gian phin ttng 95 phut, ni§t d6 phan tng 71°C, [APS] = 1,58 mmol/l, [AM] =0,5M.

3.2.Dong hoc aia phan wng trung hep

i Tbc do caa phin tng trung lop (Ry: do chu>én hdéa da monome—mol/l.phat) phthubc vao
nongdo cua cac cht tham gia phn tng dugc theé hién boi cdng thirc sau:

R, = k.[AM]*[APS]. e B/ R, (3)
3.2.1.4nh hreng aia nong dg monome

Qua trinh trung dp acrylamitdugc nghién au voi nong &6 monome trong cac king tr
0,4den 1,0 M, gir co dinh rong do chat khoi mao APS la 1,58 mmol/l, nétidd phan ung 71°C
va caadieu kién khac khongtoi. Khi d6 céng thirc (3) duoc viét lai nhu sau:

INR, = Ink; + aln[AM]  v6i: k; = K[APS]. e =/ F ()
Cac gia ti thyc nghtm aia phin ung trung lvp acrylamitdugc trinh bay trong Bng 3.
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Bang 3.Anh hrong aia ong do AM téi do chuyén hdas 71°C véi [APS] = 1,58 mmol/l.

Thoi gian (phut) H (%)
[AM] 0,4 M [AM] 0,6 M [AM] 0,8 M [AM] 1,0 M
5 7,5 24,3 57,4 60,3
15 18,7 51,1 72,1 80,2
25 38,6 70,2 84,9 91,9
35 47,4 78,7 89,2 95,7
45 57,5 83,6 93,8 97,5
55 61,1 87,8 95,7 99,5
65 72,6 92,3 96,3 -
75 78,7 95,5 97,5 -
85 81,5 97,6 99,5 -
95 84,3 99,9 ; .
R, (mol/l.phut) 1,205.18 2,167. 1C¢ 3,334. 1C¢ 4,632.10

_ Do thi biéu dién mbi lién k¢ giira IN[AM] va InR, duoc trinh bay trén Hinh lisdung ptin
mém Excel i chirc nang trendlinadé hoi quy tuyén tinh.

y = 1.4728x - 5.9098
R? = 0.9999

In[Rp] +6
N

4.8 5 52 54 5.6 5.8 6 6.2
IN[AM] + 6

Hinh 1.9 thi biéu dién méi lién hé giira IN[AM] +6 va InR, +6.

Do dbc ciadudng thing la 1,4728 dng © ring kic caa phin tng dbi véi monome AM |
1,4728.

3.2.2.4nh heeng aia rong ds chat khoi mao

Qua trinh triing &p duoc nghién éu wi ndng do chat khoi mao APS trong khimg tir 1,0
mmol/l den 2,11 mmol/l, gk nongdo AM va cacdieu kien khac khongioi. Trongdicu kien nay
congthuc toc do (3) dugc viet lai nhu sau:

R= k[APSP véi ko= K[AM] %.€5RT ., InR, = Ink, + b In[APS] (5)

Giéa ti thyc nghém cia qua trinh tringdp acrylamit Wi nong do chit khoi mao thaydoi
dugc trinh bay trong Bng 4.
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Bang 4.Anh hrong aia ong do APS ti do chuyén héas 71°C véi [AM] = 0,5 M.

Thoi gian (phut) H (%)

[APS] 1,0 [APS] 1,26 | [APS]1,58 | [APS]1,89 | [APS]2,11

mmol/| mmol/| mmol/| mmol/| mmol/|

5 30,1 36,2 39,8 47,4 53,9

15 444 51,7 60,9 63,7 73,5

25 60,2 64,8 75,7 78,6 84,3

35 67,1 72,1 83,1 87,1 90,9

45 70,7 76,1 87,3 91,5 94,2

55 73,5 80,2 90,6 93,8 95,5

65 75,7 83,4 93,5 96,3 97,1

75 78,9 86,3 96,1 97,9 98,3

85 81,2 89,9 97,7 98,7 98,9

95 83,3 92,9 99,9 99,8 99,9

R, (mol/l.phat) 2,026.18 2,26.10° 2,553.10° 2,756.10° 2,93.10°

Db thi bleu dién mbi lién he gitta In[KPS]+7 va InR+7 dugc trinh bay trén Hinh 2 khiis
dung pHin mém Excel \6i chirc ning dch chugn gic toado va trendlinaté hoi quy tuyén tinh.

354
34 4

~ ag y = 0.4905x + 3.0562

%_ : R? = 0.9991

E 32
3.1 1

3 T T T T 1

0 0.2 04 0.6 0.8 1

INAPS] +7

Hinh 2.D4 thi biéu dién mbi lién he giira IN[APS] +7 va InR+7.

Do dbc aia duong thing 1a 0,4905 alng © rang bic cia phin ing dbi voi chit khoi mao
APS |a 0,4905.

Nhur vay, c6 the thiét 1ap duoc phrong trinhdong hoc biéu dién toc do phan ang triing yp
acrylamit (AM) trong & c6 mit cua chit khoi mao amoni pesunfat (APS) wisau:

RJ =k [AM] 1'4728[APS]O'4905. (6)

3.2.3. Xaazinh ming keong hait héa
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Tir phrong trinh (3) c6 th bién ddi thanh phlrong trinh:
IR, = Ink' - E/RT @)

trongdo: k'=A[AM]* [APS]’ va A, E,va T kn luot la thra $ va chim, ning lrong hait hoa va
nhiét d6 tuyét doi trong phrong trinh Arrhenius.

bé xacdinh ring leong hat héa, plan tng trung kyp acrylamitdugc thec hign ¢ cac nhét
do khac nhautt 65dén 80°C, cacdiéu kién khac git khdngdoi. Gia ti thuc nghém aia cac qua
trinh trang kyp dugc trinh bay trong Bng 5.

Bang 5.Anh hrong aia nhit d6 dén do chuyén héa i [AM] = 0,5M, [APS] = 1,58 mmol/l.

Thoi gian (phat) H (%)
T =65°C T=71°C T =80°C

5 19,1 45,0 59,3
15 42,6 68,5 80,2
25 68,6 82,1 90,4
35 79,1 89,5 94,5
45 85,4 93,8 96,1
55 88,7 94,4 97,3
65 90,5 95,6 99,5
75 93,2 97,7 -
85 95,4 98,5 -
95 97,8 99,9 -

R, (mol/l.phat) 1,642. 16 2,657.10° 4,205.1C0°

Dé xacdinh ring rong hat hoa, & duong biéu dién mbi lién h¢ giita InR, va 1/T7.1000 va
sir dung phain meém Excel i chirc ning trendlinedé hoi quy tuyén tinh. Ket qua dugc thé hién
trén Hinh 3.

1.8 - y = -7.4519x + 60.212
R? = 0.9983
1.6 -
[Te)
+
= 1.4
1)
£ 12
l -
0.8 T T T 1
7.8 7.85 7.9 7.95 8

1/T.1000 +5
Hinh 3.Duong béu dién mdi lién ¢ giira INR+5 va 1/T.1000+5.
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Tir d6 doc cua duong thing co the tinh duoc ning rong hait hoa @a phin tng tring kyp
acrylamit 1a &y = 61,96 kJ/mol. Kt qua nay hoan toan phuop voi mot 6 tac gi da nghién
cau [4].

4. KET LUAN

Phan tng trung lyp acrylamit trong @ c6 mit cia amoni pesunfatd dugc nghién éu.
Phrong trinhdong hoc aia qué trinh trang dp acrylamitdugc xacdinh bing thrc nghém cé
dangR, = k [ AM " 728 [ APS] %499 Nang lugng hat hoa @a phin tng dugc xacdinh la
61,96 kJ/mol trong khimg nhét d¢6 65 - 80°C. Két qua nghién ¢u cho thy phan mém
MODDE 5.0 la mdt trong nhitng ptin mén hd trg hitu hiéu dé 1ap ké haach thrc nghém ding
nhu xacdinh diéu kién t6i wu chinh xac.
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ABSTRACT

KINETIC STUDY OF POLYMERIZATION OF ACRYLAMIDE USING
AMMONIUM PERSULFATE AS INITIATOR

Trinh Duc Cong, Nguyen Van Khoi

Institute of Chemistry, Vietnam Academy of SciemceTechnology,
18 Hoang Quoc Viet str., Cau Giay dist., Hanoi
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The kinetic of polymerization of acrylamide in aqus solution using ammonium
persulfate as initiator was studied by the freecadolution polymerization technique. Effect of
reaction temperature, reaction time and initiatoncentration on the conversion degree and
average molecular weight were studied in detailelperimental optimization method and
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MODDE 5.0 software. The result showed that reactemperature at 71 degree C for 95
minutes; initiator concentration of 1,58 were optimum conditions of polymerization of
acrylamide. At optimized conditions, the valuescohversion degree and average molecular
weight were appoximately 99.9 % and 4.17.(@mol), respectively. The polymerization rate
was determined by experiment form equation; R k [AM]**"*JAPS]”**® The overall
activation energy was found to be 61.96 kJ/mol Withtemperature range of 65 - &0

Keywords:polymerization, acrylamide, kinetics, ammonium péege.
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