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TOM TAT

Ddng hec ctia phan img triing hop acrylamut trong nude su dung amoni pesunfat (APS) nhu
1a chit khoi mao da duge nghién clu b1 cdng nghé ming hop g6c ty do. Anh h\m'ng cia nhiét
d6 phan (mg, thoi gian phan img, nong a9 chit khoi méo dén o chuyén héa va khéi lugng phan
nr trung binh cua polyme da duge nghlen ciru bing huong phap quy hoach thyc nghi¢m va
phin mém MODDE 5.0. Két qua cho lhay diéu kién i wu cla qua trinh tring hop acrylamit 14:
nhiét 49 71 °C. thi gian 95 phit va nong 6 chit khoi mao 1,58.10° M. Tai diéu ki¢n ndy, o
chuyén hoa cua phan img triang hop 1a 99,9 %, khéi lugog phén tr trung binh cia polyacrylamit
thu dugc 12 4,17. 10° (g/mol). Phuong trinh téc dé tring hop x4c dinh bing thuc nghiém c6 dang
R, = k [AM]“”‘[APS]‘” . Nang lugng hoat hoa trung binh duge x4c dinh 1a 61,96 kJ/mol
trong khoang ohiét d$ 65 - 80 °C.

Tir khéa: trang hop, acrylamit, dong hoc, amoni pesunfat.
1.MG PAU

Phan tmg tring hop acrylamit trong nude c6 thé dugc tién hanh béi nhiéu loai chét khoi
mao nhu: amoni pesulfat, kali pesunfat, axetyl peoxit, hofc hé khoi mao oxi hod - khir amoni
pesunfat - ascobic, Na;S,Os - KBrO;, K;S,05 - NaZSz03 [1 - 4], Trong khi uen hanh phan mng
trung hgp, cb rﬁt nhiéu cic yeu 16 anh huong den qué trinh. Bé lhu duge dléu kién tot wu cho
mét qua trinh, 56 thi nghiém phai tién 1am s& 14 t3 hop cia céc yéu td do. C6 rét nhidu phén mém
hé trg dé xdy dung ké hoach thuc ng}uem va xu ly 56 ligu, trong 46 MODDE 5.0 12 mdt trong
nhimg phin mém dugc sir dung pho bién dé 13p ké hoach cﬂng nbur xac dinh didu kién téi wu,
phan tich aoh huéng ciia cc yéu t dén qué trinh phén {mg véi cic ham muc tiéu drge xac dinh
trude [S, 6]. Nghién ciru dong hoc cia pban img nhim xc dinh bac phan {mg, tdc do phan (mg
ciing nhu nang lugng hoat héa ctia phén mg. Tir céc thdng so ndy c6 thé danh gia qua trinh phan
({mg phu thugc manh vao cac nhan té cung nhur thanh phan chét tham gia phan img.

Trong nghién ciru trudc [3] céc yéu t anh huong den do chuyen héa va khéi lugng phan tir
cua polyacrylamit dd duoc nghién ciu. Bai bdo nay tiép tuc d& cap dén phén (mg tring hop
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acrylamit st dung chét khoi mao amoni pesunfat trong dung dich nudc, diéu kién 161 wu cua qua
trinh tring hop polyme da dugc xéc dinh bing phuong phép quy hoach thuc nghlém vA phin
mém MODDE 5.0. Phuong trinh tée do phan mg va ning lugng hoat hoa cua phan img dugc
xéc dinh béi cac phuong phap thuc nghiém.

2. THY'C NGHIEM

2.1. Héa chit

ACryIamll C3;HsNO (CH,=CH-CONH,) (PA - Trung Quoc) tan trong nudc, d = 1,12
g/cm M= 71,08 g/mol, amoni pesunfat (NH.),S,O0s (Trung Quoc), axeton (TQ), ong chuan
Na;$;0; 0,IN, KI (TQ).
2.2. Tién binh

Qué trinh thuc nghi¢m tién hanh Lheo phuong phép quy hoach héa thyc nghiém dugc thiét
ké va trinh by trén Bang |. Diu kién i uu ciia qué trinh tring hop acrylamit dugc xéc dinh
boi phan mém MODDE 5.0.

Bang 1. Bang thiét k& thi nghiém qua trinh tring hop acrylamit.

Nhén td thyc Nhan t5 Bién mi héa (X)
IR 0 | +1 | +a
T: Nhiét d§ (°C) X 63 65 72,5 80 82
tg: Théi gian (phit) X3 15 25 72,5 120 130
C,: Néng 4 chét khoi méo (mmol/l) X3 0,89 1,0 1,5 2,0 2,11

Qua trinh tring hop acrylamit dugc tién hanh trong binh phan {mg 3 ¢b duge két ndi voi
thiét bi khudy, thiét b ngung tu, va hé théng suc khi nita. Mgt bé diéu nhiét dugc sir dung dé gia
nhiét cho qua trinh phan img. Khi oxy dugc loai khéi dung dich monome ngay truée khi tién
hanh phéan {mg tring hop bing cach théi khi N, trong 10 phut. Nang nhiét 46 hén hop phan {mg
dén nhigt d9 nghién ciru, cho xuc tic amoni pesunfat vao hén hop phan img, tai thai diém nay la
thdi diém bét ddu cia phan \mg. Sau nhimg khoang thoi gian nhat dinh, ding phan ang bang
cach thém Iml hydroqumon vio hdn hop phan img, }am lanh hén hgp phén img xudng nhiét dd
phong. Léy mot lugng mdu nbit dinh dé xic dinh mirc d6 chuyen hod bing phuong phap chuan
46 nbi dbi (phuong phap Hip) theo cong thire (1). Két qua cudi ciing Ja trung binh cng cua Két
qua ba lan xac djnh, chénh léch cho phép gia hai 1an xac dinh khong qua 1 %.

co10Ve-V)N
H%)=—2 Vi M
C
trong dé: C la nong 9 ciia mooome ban dau; N: ndng 46 ciia Na,S,05 (N); Vi thé tich cua

Na;S;O, & miu n-ang (ml) V: thé tich cia Na,S,0; & mau (hon hop phan {mg) tai thoi hém i;
V;: thé tich cia miu (hén hop phan img) tai thoi diém i.

Polyacylamit sach ding dé xac dinh khéi | luong phin tir trung binh dugc tinh ché bing cich
két ta hén hop dung dich sau khi phén tog bang etanol, phan mopome du tan trong etanol dugc
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nira va loai bo. Phin sin phim két ta dugc rra lai bing etanol thém 2 lin nita dé loai bo hoan
toan monome du, sau d6 dugc sdy trong ti siy chin khéng & nhiét 46 70 °C dén trong lugng
khéng ddi. Khéi luong phan tr cia polyacrylamit dugc xac dinh theo phuong phap do d6 nhét
trong dung dich nuée & 30 °C trén nhét ké Ubbelohde va ptwrong trinh Mark-Houwink theo cong
thirc (2).

[n] =68.10% (M.)"* (dlg). (2)
3. KET QUA VA THAO LUAN
3.1. Pidu kign i wu ciia qu trinh trung hop acrylamit tinh bd MODDE 5.0
Két qua t6i uu héa cac didu kién phan img dé do chuyén héa cia acrylamll thanh

polyacrylamit véi muyc tiéu dat tir 99,99 dén 100 % va khdi lugng phn tir cao nhét dugc trinh
bay trong Bang 2.

Bang 2. Diéu kién t6i wru phan img tring hop acrylamit tinh béi MODDE 5.0.

600000

71.83 95.42 .58 ' 99.99 416966.34 115 -0.24

Két qua trén Béng 2 cho thdy: Diéu kién té1 wu cho qud trinh tring hop acrylamit 14: thoi
gian phdn tmg 95 phut, nhiét 4§ phan img 71 °C, [APS] = 1,58 mmoV/, [AM] =0,5M.

3.2. Bong hoc ciia phin img tring hop

Téc dj cua phan mg tring hop (R,: d¢ chuyen héa cia monome—mol/1.phit) phu thude vao
ndng d cua cic chét tham gia phan {mg dugc thé hién boi cdng thire sau:

R, = k[AM]’ [APS]". a E2/RT 3)
3.2.1. Anh huong ciia néng 6 monome

Qué trinh rrung hop acrylamﬂ duge nghién ciu véi nong d6 monome trong cic khoang tir
0,4 dén 1,0 M, giit c6 djnh uong d6 chét khoi mao APS Ja |, 58 mmol/l, nhit 4 phan img 71 °C
va céc diéu kién khéc khdng dbi. Khi d6 cdng thire (3) duge viét lai nhu sau:

InR;, = Ink, + aln[AM] véi: k, = K[APS]. e /T @)
Cic gia trj thuc nghiém cia phan (ng trang hep acrylamit dugc trinh bay trong Béng 3.

45



Bang 3. Anh huémg ciia ndng dé AM t6i 46 chuyén héa & 71 °C voi [APS] = 1,58 mmol/l.

Thdi gian (phut) H (%)
[AM] 0,4 M [AM] 0.6 M [AM] 0,8 M [AM] 1,0 M
s 7.5 24,3 574 60,3
15 18,7 51,1 72,1 80,2
25 38,6 70.2 84,9 91,9
35 474 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/1.phut) 1,205.107 2,167. 107 3,334,107 4,632.107

Db thi biéu dién méi lién bé gita In[AM] va InR, dugc trinh bay trén Hinh 1 sir dung phin
mém Excel véi chire ning trendline dé héi quy tuyén tinh.

35

v =1 4720 - 5 9088
~o.

In(Fo}+6
n

05 ~
48 5 52 54 56 58 6 82
nfAM] + 8

Hinh 1. D6 thi biéu dién méi lién h¢ gitra In[AM] +6 va InR, +6

D§ dbc ciia dudng thing 14 1,4728 chimg 16 ring béc ciia phan img dbi véi monome AM 1A
1,4728.

3.2.2. Anh hudng ciia nong a6 chdt khoi mao

Qua trinh triing hop dugc ngh]en cir véi nong 6 chit khoi mao APS trong khoang fir 1,0
mmol/l dén 2,11 mmol/l, giir ndng 46 AM va céc diéu kién khéc khong déi. Trong diéu kién nay
cong thuc tée do (3) dugc viet lai nhu sau:

Ry=k,[APS]" v6i ky= K[AMIP.e ™" & InR, = Ink, + b In[APS] 5)

Gié trj thuc nghi¢m clia qué trinh triung hop acrylamit véi ndng d9 chit khoi mao thay dbi
duoc trinh bay trong Bang 4.
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Bang 4. Anh huong ciia ndng d§ APS t6i do chuyén héa & 71 °C vér [AM] = 0,5 M.

Thoi gian (phit) H (%)
[APS] 1,0 [APS] 1,26 [APS] 1,58 [APS] 1,89 | [APS] 2,11
mmol/l mmol/ mmol/l mmol/l mmol/l
s 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 75,1 83,4 93,5 96,3 97,1
75 78,9 86,3 96,1 97,9 98,3
85 81,2 89,9 91,7 98,7 98,9
95 833 92,9 99,9 99,8 99,9
R, (mol/1.phit) 2,026.107 2,26.107 2,553.10°2 2,756.107 2,93.107

Pb thi bleu dién mébi lién hé gitra In[KPS]+7 va InR;+7 dugce trinh bay trén Hinh 2 khi s
dung phan mém Excel v chirc ning dich chuyén gbc toa dc vi trendline dé hi quy tuyén tinh.

]
|

33

In[Rp)+7

0 02 04 06 08 1
INAPS}+7
Hinh 2. D6 th biéu di&n mdi hén bé giira In[APS] +7 va InR,+7.

D6 dbe cua dudng thing 13 0,4905 chimg 16 ring bac cuia phan img dbi véi chét khoi mao
APS 12 0,4905.

Nhu vy, ¢6 thé thiét 1gp dugc phuo‘ng trinh déng hoc biéu dién tc 46 phan img tring hop
acrylamit (AM) trong sy ¢6 mit cua chét khoi mao amoni pesunfat (APS) nhur sau:

R,=k [AM]IAHK [APS]“AWS ()

3.2.3. Xac djnh nang lwomg hoat héa
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Tir phuong trinh (3) ¢6 thé bién dbi thanh phuong trinh:
InR, = Ink' - E/RT @
trong d6: K'=A[AM]* [APS]® va A, E, va T lin luot la thira s6 va cham, néng luong hoat hoa va
nhiét dd tuyét déi trong phuong trinh Arrhenus.

Pé xac dinh nang lugng hoat hda, phan tng trung hop acrylamu dugc thyc hién & céc nhiét
dé khac nhau tir 65 dén 80 °C, céc diéu kién khac giir khdéng dbi. Gia tri thuc nghiém cia cic qua
trinh tring hgp dugc trinh bay trong Bang 5.

Bang 5. Anh hudmg ciia nhigt 86 dén d chuyén hoa véi [AM] = 0,5M, [APS] = 1,58 mmol/l.

Théi gian (phit) 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 s
95 97,8 99,9 -

R, (mol/].phut) 1,642. 10 2,657.107 4,205.10

bé xac dinh nang luong hoat héa, v& duong biéu dlen méi hcn hé gitra InR, va 1/T.1000 va
sir dung phan mém Excel véi chirc ning trendline dé héi quy tuyén tinh. Két qua dugc thé hién
trén Hinh 3.

u-
\

y=-74519x+ 60.212
A?= 08983

In[Rp] +5

78 7.85 79 7.95 8
1T.1000 + 5

Hinh 3. Buong biéu dién méi lién hé giwra InR,+5 v& 1/T.1000+5.
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Tir 49 déc cia dudng thing ¢6 thé tinh duge nang lugng hoat hod cilia phan img trung hop
acrylamit 13 Eam = 61,96 kJ/mol. Két qua nay hoan toan phu hop véi mét sb tic gia da nghién
ciru [4].

4. KET LUAN

Phan img tring hgp acrylamit trong sy c6 mat cua amoni pesunfat da dugc nghién ciru.
Phuong trinh dong hoc cua qué trinh tring hop acrylamit duge xdc dinh bing thuc nghiém c6
dangR, = k [AM]™*"* [APS]®*?°*. Ning lugng hoat héa ciia phin img duqc xc dinh 12
61,96 kJ/moI trong khoang nhiét do 65 - 80 °C. Két qua nghién ctu cho thdy ph&n mém
MODDE 5.0 4 mét lrong nhimg phan men h tr hiru higu dé 1ap ké hoach thuc nghiém cling
nhu xéc dinh diéu kién t6i wu chinh x4c.*
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ABSTRACT

KINETIC STUDY OF POLYMERIZATION OF ACRYLAMIDE USING
AMMONIUM PERSULFATE AS INITIATOR

Trinh Duc Cong, Nguyen Van Khoi

Institute of Chemisnry, Vietmam Academy of Science and Technology,
18 Hoang Quoc Viet str., Cau Giay dist., Hanoi

Email: congvhh@gmail.com

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 in 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
initiator ation 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/mol), respectively. The polymerization rate
was determined by experiment form equation: R, = k [AM]"“[APS]***. The overall
activation energy was found to be 61.96 kJ/mol with lhe temperature range of 65 - 80 °C.

Keywords: polymerization, acrylamide, kinetics, ammonium persulfate.
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