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TOM T A T 

Ddng hpc eua phan iing tning hpp acrylamit trong nude su dimg amoni pesunfat (APS) nhu 
la chat khai mao da dupe nghien eiiu bdi cdng nghe triing hpp gdc tu do. Anh hudng cua nhiet 
dp phan ling, thdi gian phan iing, ndng dp chit khai mao den dp chuyen hda va khdi lupng phan 
tii trung binh cua polyme da dupe nghien cuu b§ng phuang phap quy hoaeh thuc nghi6m va 
phan mem MODDE 5.0. Kit qua eho thSy dieu kien tdi uu ciia qua trinh triing hpp acrylamit la: 
nhiet dp 71 "C, thdi gian 95 phiit va ndng dp chat khai mao 1,58.10^ M. Tai dieu kien nay, dp 
chuyin hda cua phan iing triing hpp la 99,9 %, khdi lupng phan tu trung binh ciia polyaerylamit 
thu dupe la 4,17. 10^ (g/mol). Phuang trinh tdc dp trung hpp xac dinh bang thue nghiem cd dang 
Rp - k [AM]''*"*[APS]"-^^^ Nang lupng boat hda tnmg binh dupe xac dinh la 61,96 kJ/mol 
trong khoang nhiet do 65 - 80 "C. 

Tit khoa: trung hpp, acrylamit, ddng hpc, amoni pesunfat. 

I .M6DAU 

Phan ling triing hpp acrylamit trong nude cd the dupe tien hanh bdi nhilu loai chit khoi 
mao nhu: amoni pesulfat, kali pesunfat, axetyl peoxit, hoae he khoi mao oxi boa - khir amoni 
pesunfat - ascobic, Na2S205 - KBr03, K2S2OB - Na2S203 [1 - 4]. Trong khi tien hanh phan iing 
tning hpp, ed rat nhieu cac yeu to anh hudng den qua trinh. De thu dupe dilu kien tdi uu eho 
mpt qua trinh, sd thi nghiem phai tien lam se la td hpp cua eac ylu td do. Cd rit nhieu phan mim 
hd trp de xay dung ke hoaeh thuc nghiem va xu ly sd lieu, trong do MODDE 5.0 la mdt trong 
nhihig phSn mem dupe sir dung phd bien de lap ke hoach ciing nhu xac dinh dieu kien tdi uu, 
phan tich anh hudng eiia eae yeu td den qua trinh phan irng vdi cac ham muc tieu dupe xac dinh 
trudc [5, 6], Nghien ciiu dpng hpc ciia phan iing nham xac dinh bac phan iing, toe dp phan ung 
ciing nhu nang lupng boat hda cua iihan iing. Tu cac thdng sd nay cd the danh gia qua trinh phan 
ling phu thupc manh vao cae nhan td cung nhu thanh phSn chSt tham gia phan iing. 

Trong nghien cuu trudc [3] cae yeu td anh hudng din dp chuyen hda va khdi lupng phan tu 
ciia polyaerylamit da dupe nghien ciiu. Bai bao nay tiep tuc dl cap den phan urng triing hpp 
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aciylamit sii dung chit Idioi mao amoni pesunfat trong dung dich nuoc, dieu kien toi uu cua qua 
trinh trimg hop polyme da duoc xae dinh bang phuong phap quy hoach thuc nghiem va phan 
mjm MODDE 5.0. Phuong trinh t6e do phan ling va nang luong boat hoa cua phan ung dug-c 
xac dinh boi cac phuong phap thuc nghiem. 

2. THVC NGHIEM 

Acrylamit CjHjNO (CHz-CH-CONH;) (PA - Trung Quoc): tan trong nuoc, d = 1,12 
g/cm', M= 71,08 g/mol, amoni pesunfat (NHijzSjO, (Trung Quoc), axeton (TQ), ong chuan 
NajSiOjO,™, ia(TQ). 

2.2. Tien hanh 

Qua trinh thuc nghiem tiSn hanh theo phuong phap quy hoach hoa thuc nghiem dugc thijt 
kk va trinh bay tren Bang 1. Digu ki6n t6i uu ciia qua trinh triing hop acrylamit duoc xac dinh 
boi phan mem MODDE 5.0. 

Bdng i. Bang thiet kg thi nghiem qua trlnh trimg hop acrylamit. 

Nhan to thuc 

T: Nhiet do (°C) 

tg: Thai gian (phut) 

C,: N6ng dp chdt khoi mao (mmoVY) 
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Qua trinh triing hpp acrylamit dupe tien hanh trong binh ^han ling 3 cd dupe ket ndi vdi 
thilt bi khuay, thiet bi ngimg tu, va he thdng sue khi nito. Mdt be dieu nhiet dupe sir dung dl gia 
nhiet eho qua trinh phan iing. BChi oxjj dupe loai khdi dung dich monome ngay trude khi tien 
hanh phan iing triing hpp bSng each thdi khi N2 trong 10 phiit. Nang nhiet dp hdn hpp phan iing 
den nhiet dp nghien euu, eho xiic tac amoni pesimfat vao hdn hop phan iing, tai thdi diem nay la 
thdi diem bat dSu cua phan iing. Sau nhiing khoang thdi gian nhat dinh, dung phan ling bing 
each them Iml hydroquinon vao hdn hpp phan iing, lam lanh hdn hpp phan iing xudng nhiet dp 
phdng. Lay mpt lupng mau nhat dinh de xac dinh miic dp chuyen hoa bang phuang phap chuan 
dp ndi ddi (phuang phap Hip) theo cdng thiic (1). Ket qua cudi cung la trung binh cdng cua ket 
qua ba lan xae dinh, ehenh lech cho phep giiia hai l§n xac dinh khdng qua 1 %. 

^ 1 (Vo-V ).N 
2 V, H(%) = (1) 

trong do: C la ndng dp cua monome ban diu; N: ndng dp ciia Na2S203 (N); VQ: thi tich cua 
Na2S203 d min trdng (ml); V: thi tieh ciia NasSaOj d nmu (hdn hpp phan ling) tai thdi dilm i; 
Vj: the tich cua mlu (hdn hpp phan ung) tai thdi dilm i. 

Polyacylamit sach dung dk xac dinh khdi luong phan tii trung binh dupe tinh chi bSng each 
kit tiia hon hpp dung dich sau khi phan iing bSng etanol, phSn monome du tan trong etanol dupe 
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rua va loai bd. Phan san pham ket tua dupe nia lai bang etanol them 2 lan niia de loai bd hoan 
toan monome du, sau dd dupe say trong tu say ehan khdng d nhiet dp 70 °C den trpng lupng 
khdng ddi. Khdi luang phan tii eiia polyaerylamit dupe xac dinh theo phuang phap do dp nhdt 
trong dung dich nude d 30 °C tren nhdt kl Ubbelohde va phuang trinh Mark-Houwink theo cdng 
thiic (2). 

[11] =6,8.10^(M,)''-^^(dVg). (2) 

3. KET QUA VA THAO LUAN 

3.1. Dieu ki§n tdi uu cua qua trinh triing hpp acrylamit tinh boi MODDE 5.0 

Ket qua tdi uu hda cac dieu kien phan iing de dp chuyen hda ciia acrylamit thanh 
polyaerylamit vdi mue tieu dat tii 99,99 den 100 % va khdi luong phan tu cao nh4t dupe trinh 
bay trong Bang 2. 

Bang 2. Di6u kien toi uu phan ung triing hop acrylamit tinh bdi MODDE 5.0. 
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Ket qua tren Bang 2 cho thay: Dieu kien tdi uu cho qua trinh tning hpp acrylamit la: thdi 
gian phan ling 95 phiit, nhiet dp phan iing 71 °C, [APS] = 1,58 mmol/1, [AM] =0,5M. 

3.2. Dong hpc cua phan iing triing hpp 

Tdc dp eiia phan iing tning hpp (Rp: dp chuyen hda cua monome-mol/l.phiit) phu thupc vao 
ndng dp ciia cae chat tham gia phan iing dupe the hien bdi cdng thiie sau: 

Rp = k.[AM]''[APS]^ e-s^^i'T (3) 

3.2.1. Anh huong cua nong do monome 

Qua trinh tning hpp acrylamit dupe nghien cuu vdi ndng dp monome trong cac khoang tii 
0,4 den 1,0 M, giu cd dinh ndng dp ehat khai mao APS la 1,58 mmol/l, nhiet dp phan ung 71 °C 
va cac dilu kien khac khdng ddi. Khi dd edng thiie (3) dupe viet lai nhu sau: 

hiRp = hik[ + aln[AM] vdi: k, =k[APS]. e'^^^^^ (4) 

Cac gia tri thuc nghiem eua phan iing tning hpp acrylamit dupe trinh bay trong Bang 3. 



Bdng 3. Anh hudng ciia ndng do AM tdi dp chuyin hoa d 71 "Cvdi [APS] = 1,58 mmol/l. 

Thai gian (phiit) 

5 
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Rp (mol/Lphiit) 

H(%) 

[AM] 0,4 M 

7,5 

18,7 

38,6 

47,4 

57,5 

61,1 

72,6 

78,7 

81,5 

84,3 

1,205.10-^ 

[AM] 0,6 M 

24,3 

51,1 

70,2 

78,7 

83,6 

87,8 

92,3 

95,5 

97,6 

99,9 

2,167. 1 0 ' 

[AM] 0,8 M 

57,4 

72,1 

84,9 

89,2 

93,8 

95,7 

96,3 

97,5 

99,5 

-
3,334. 10-' 

[AM] 1,0 M 

60,3 

80,2 

91,9 

95,7 

97,5 

99,5 

-
-

4,632.10' 

Dd thi bieu diln mdi lien he giira ln[AM] va InRp dupe trinh bay tren Hinh 1 sii dimg phin 
mim Excel vdi chiic nang trendline de hdi quy tuyln tinh. 

Hinh 1. D6 thi bieu dien mdi lien he giiia ln[AM] +6 va InRp +6 

Dp ddc ciia dudng thing la 1,4728 chung td rSng bac cua phan iing ddi vdi monome AM la 
1,4728. 

3.2.2. Anh hucmg cua nong do chdt khai mao 

Qua trinh hiing hpp dupe nghiSn ciiu vdi ndng dp ch5t khai mao APS trong khoang tu 1,0 
mmol/l den 2,11 mmol/l, giir ndng dp AM va cac dieu kien khac khdng ddi. Trong dieu kien nay 
cdng thiie tde dp (3) dupe vilt lai nhu sau; 

Rp=k2[APS]''vdik2 = k[AM]^e•^^ ^ InRp = hik2 + b ln[APS] (5) 

Gia tri thuc nghiem eiia qua trinh tning hpp acrylamit voi ndng dp chit khai mao thay doi 
dupe trinh bay trong Bang 4. 
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Bang 4. Anh hudng cua nong dp APS tdi do chuyen hoa d 71 °C vdi [AM] = 0,5 M. 

Thoi gian (phiit) 
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Rp(mol/l.phut) 
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[APS] 1,0 
mmol/l 

30,1 

44,4 

60,2 

67,1 

70,7 

73,5 

75,7 

78,9 

81,2 

83,3 

2,026.10"' 

[APS] 1,26 
mmol/l 

36,2 

51,7 

64,8 

72,1 

76,1 

80,2 

83,4 

86,3 

89,9 

92,9 

2,26.10-' 

[APS] 1,58 
mmol/l 

39,8 

60,9 

75,7 

83,1 

87,3 

90,6 

93,5 

96,1 

97,7 

99,9 

2,553.10-' 

[/VPS] 1,89 
mmol/l 

47,4 

63,7 

78,6 

87,1 

91,5 

93,8 

96,3 

97,9 

98,7 

99,8 

2,756.10' 

[APS] 2,11 
mmol/l 

53,9 

73,5 

84,3 

90,9 

94,2 

95,5 

97,1 

98,3 

98,9 

99,9 

2,93.10-' 

Dd thi bieu diln mdi lien he giua ln[KPS]+7 va lnRp+7 duac trinh bay tren Hinh 2 khi sii 
dung phan mim Excel vdi chiic nang dich chuyin gdc tpa dp va trendline de hdi quy tuyln tinh. 

Hinh 2. D6 thi bieu dien mdi hen he giua ln[APS] +7 va InRp-f 7. 

Dp ddc cua dudng thang la 0,4905 chiing td rang bac ciia phan ling ddi vai ehfit khai mao 
APS la 0,4905. 

Nhu vay, cd the thiet lap dupe phuang trinh ddng hpc bieu dien tdc dp phan iing tning hop 
acrylamit {PM) trong su cd mat cua ehit khai mao amoni pesunfat (APS) nhu sau: 

Rp = k[AM]''™[APS]°' (6) 

3.2.3. Xdc dinh ndng luang hoat hoa 



Tu phuong trinh (3) cd the bien ddi thanh phuang trinh: 

InRp = Ink' - E /̂RT (7) 

trong dd: k'=A[AM]' [APS]'' va A, Ea va T lin lupt la thua sd va cham, nang lupng boat hoa va 
nhiet dp tuyet ddi trong phuang trinh Arrhenius. 

D I xac dinh nang luong hoat hda, phan iing trung hpp acrylamit dupe thuc hien d cac nhiet 
do khac nhau tu 65 den 80 °C, eae dilu kien khac giir khdng ddi. Gia tri thuc nghiem cua cac qua 
trinh triing hpp dupe trinh bay trong Bang 5. 

Bang 5. Anh hudng ciia nhiet do din do chuyen hda vdi [AM] = 0,5M, [APS] = 1,58 mmol/l. 

Thai gian (phiit) 

5 
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25 

35 

45 

55 

65 

75 

85 

95 

Rp (mcl/l.phut) 

H(%) 

T = 65 °C 

19,1 

42,6 

68,6 

79,1 

85,4 

88,7 

90,5 

93,2 

95,4 

97,8 

1,642. IQ-' 

T = 71°C 

45,0 

68,5 

82,1 

89,5 

93,8 

94,4 

95,6 

97,7 

98,5 

99,9 

2,657.10-' 

T = 80 °C 

59,3 

80,2 

90,4 

94,5 

96,1 

97,3 

99,5 

-
-
-

4,205.10'' 

De xae dinh nang luang boat hda, ve dudng bieu dien mdi lien he giiia InRp va 1 /T. 1000 va 
su d^ng phin mem Excel vdi chiic nang trendline dl hdi quy tuyln tinh. Ket qua dupe thi hien 
tren Hinh 3. 

Hinh 3. Dudng bieu dien moi liSn he giira lnRp+5 va l/T.1000+5. 
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Tir dp ddc cua dudng thang cd the tinh dupe nang lupng hoat boa ciia phan iing tning hop 
acrylamit la EAM = 61,96 kJ/mol. Ket qua nay hoan toan phu hpp vdi mpt so tac gia da nghien 
cihi [4]. 

4. KET LUAN 

Phan ling tning hpp acrylamit trong su cd mat ciia amoni pesunfat da dupe nghien ciiu. 
Phuong trinh ddng hpc ciia qua trinh trimg hpp acrylamit dupe xac djnh bing thuc nghiem cd 
dangRp = k [AM]^'^''^^ [APS]°'*^°^. Nang lupng hoat hda ciia phan iing dupe xae dinh la 
61,96 kJ/mol trong khoang nhiet dp 65 - 80 °C. Ket qua nghien ciiu eho thiy phan mem 
MODDE 5.0 la mdt trong nhimg phin men hd trp hihi hieu dl lap kl hoaeh thue nghiem cung 
nhu xac dinh dieu kien tdi uu chinh xac. 
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ABSTRACT 

KINETIC STUDY OF POLYMERIZATION OF ACRYLAMIDE USING 
AMMONIUM PERSULFATE AS INITIATOR 

Trinh Due Cong, Nguyen Van Khoi 
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18 Hoang Quoc Viet str., Cau Giay dist., Hanoi 
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The kinetic of polymerization of acrylamide in aqueous solution using ammonium 
persulfate as initiator was studied by the free radical solution polymerization technique. Effect of 
reaction temperature, reaction time and initiator concentration on the conversion degree and 
average molecular weight were studied m detail by experimental optimization method and 
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MODDE 5.0 software. The result showed that reaction temperature at 71 degree C for 95 
minutes; initiator concentration of 1,58.10'̂ M were optimum conditions of polymerization of 
acrylamide. At optimized conditions, the values of conversion degree and average molecular 
weight were appoximately 99.9 % and 4.17.10^ (g/tnol), respectively. The polymerization rate 
was determined by experiment form equation: Rp = k [AM]''''̂ ^*'[APS]''•'*™^ The overall 
activation energy was found to be 61.96 kJ/mol with the temperature range of 65 - 80 °C. 

Keywords: polymerization, acrylamide, kinetics, ammonium persulfate. 




