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Toém tat

Qud trinh déng tring hop acrylamide (AM) va acid acrylic (AA) duoc nghién ciru bdng phuong phdp triing
hop trong dung dich nuéc, st dung tdc nhdan khoi mao la ammonium persulfate. Hdng sé déng tring hop cia cdc
monome & nhiing gid tri pH khdc nhau dugc tinh todn bdng phuong phdp Fineman - Ross. Két qud cho thdy & pH =
2,2, copolymer giau acrylamide hon, con & pH = 6,2 copolymer giau acid acrylic hon. Két qua nay cho thdy c6 thé diéu
khién ty 1é AA/AM trong copolymer dé ché tao hé gel bén nhiét ciia HPAM (partially hydrolysed polyacrylamide) va
muéi ctia chromium (lll) phuc vu céng tdc khai thdc ddu khi nham tdng néng sudt khai thdc ddu.

Bai bdo la mét phdn két qud nghién ciu cia dé tai “Nghién ciru ché tao hé gel bén nhiét ngén cdch nuéc bom ép
trong via cdt két nhdm tdng ndng sudt khai thdc dau” thuéc “Chuong trinh khoa hoc va céng nghé trong diém vé céng
nghé khai thdc va ché bién khodng san’, thu'c hién Bé dn “Déi méi va hién dai héa céng nghé trong nganh céng nghiép

khai khodng dén ném 2015, tdm nhin dén ném 2025’, mad s6 BT 12.12/DMCNKK.

1. Giéi thiéu

Polyacrylamide (HPAM) la polymer dugc si dung
nhiéu nhat trong cong nghé gia tang thu héi dau. Dac
diém quan trong cta dung dich st dung trong qua trinh
bom ép polymer dé gia tang thu hoi dau la phai c6 do
nhét tuong déi cao, ndng dé polymer thap, stic cang bé
mat thap déi vai pha dau. Tang d6 nhét cla dung dich
polymer sé lam giam ty Ié linh déng va lam tang hiéu
qua bom ép. Tuy nhién, néu trong lugng phan t&r qua cao
thi polymer c6 thé gay bit su hinh thanh khéng gian mao
quan va lam giam hiéu qua bom ép polymer. Ton tai mét
noéng dé polymer t6i uu, vugt qua néng do nay lugng dau
thu héi sé gidm. Nhugc diém ctia HPAM la kha nang chiu
mudi kém va bi phan hay sinh hoc. P& nhét clia dung
dich polymer sé& giam khi tang ham lugng mudi cia nudc
trén va khi ham lugng cation hoéa tri 2 cao, polymer sé bi
keo tu. Nh& cac bién phap bao vé thich hap, HPAM c6 thé
bén nhiét tGi nhiét d6 100°C.

Qua trinh téng hgp HPAM tir acrylamide va acid acryl-
ic dugc goi la qua trinh déng trung hop, thudng dugc xdc
tac bai cac chat khoi mao nhiét, hé khoi mao oxy héa -
khit hay khoi mao nhg chiéu xa... Phan tng téng hop c6
thé tién hanh trong pha nudc (trung hop dung dich) hay
trong pha hydrocacbon khéng tan trong nuéc (trung hgp
huyén phu hodc nhii tuong). HPAM cling c6 thé dugc téng
hap bang céch thay phéan polyacrylamide khong ion. T
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két qua nghién ctu dong hoc, nhém tac gia tién hanh
téng hgp HPAM theo céc phuang phap khac nhau va tim
ra phuong phép cho sdn phadm cé chat lugng cao nhat dé
tién hanh ché tao hé gel bén nhiét ngan cach nuéc bom
ép trong via cat két trong khai thac dau khi.

2. Thuc nghiém
1.1. Héa chdt

Acrylamide (AM) > 99%, acid acrylic (AA) > 99%,
ammonium persulfate (NH,)_S,0,, NaOH, H_SO,, methanol,
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dioxane, 6ng chudnNa_S O, 0,1N, kaliiodua (Kl). Cac dung
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moi dugc cat lai va lam khé trudc khi st dung.

2.2. Phuong phdp nghién ciu

1.2.1. Ché tao polymer ua nudc va cdc phuong phdp
nghién ctu

Tién hanh d6ng trung hgp acid acrylic va acrylamide véi
néng d6 monome 0,5M & céc ty |é acid acrylic/acrylamide:
70/30, 50/50 va 30/70 (theo khéi lugng). Qua trinh dong
trung hgp dugc thuc hién tai pH c6 cac gia tri la: 2,2; 3,7;
4,2 va 6,2.Trong méi thi nghiém, pH ctia hdn hop phan ting
dugc diéu chinh bang dung dich NaOH 2N va H,SO, déc.

Qué trinh trung hgp dugc tién hanh trong binh phan
ing 3 ¢8 co thiét bi khudy, thiét bi ngung tu va hé théng
suc khi nita. Mot bé diéu nhiét dugc sit dung dé gia nhiét
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gian ti€p cho qua trinh phan ing véi d6 chinh xac + 0,5°C.
Khi oxy dugc loai khdi dung dich monome ngay trudc khi
tién hanh phan (ing trung hop bang cach thai khi N, trong
10 phut. Nang nhiét &6 hén hgp phan tng dén nhiét do
nghién cuu, cho xtc tac ammonium persulfate vao hén
hop phan (ng, day la thoi diém bat dau cla phan Ung.
Tai méi thai diém khéo sat, diing phan Ung bang cach
thém 1ml hydroquinon vao hén hgp phan tng, lam ngudi
xudéng nhiét d6 phong.

Ldy mot lugng mau nhat dinh dé xac dinh muc do
chuyén hoa. Tach san pham homopolymer va copolymer
thu dugc bang cach két thia trong methanol. Chiét soxhlet
két tua thu dugc trong dung méi 1,4 dioxane trong 4
gig dé€ loai bé homopolymer acid acrylic. Sau dé, loai
homopolymer acrylamide bang cach két tua lai trong
methanol - nudc (ty [& 50/50). San pham dugc sy & nhiét
d6 70°C dudi ap suat thap dén khi khéi lugng khéng déi.

1.2.2. Xdc dinh d@b chuyén héa

- D& chuyén héa cta phan Uing dugc xac dinh bang
phuaong phap chudn dé néi doi (phuong phap Hip) va tinh

theo céng thuc:
_1W.-V)N
H(9%) = 2V (M
C
Trong do:

C:N6ng d6 ctia monome ban dau;
N: N6ng d6 ctia Na,S,0, (N);
V_: Thé tich ctia Na,S,0, & mau trang (ml);

V: Thé tich cla Na,S,0, tiéu tén dé chudn d6 cac

monome con dud mau (hdn hop phan tng) tai thai diém i;
V;:Thé tich ctia mau hén hgp phan ting tai thai diém i,

K&t qua cudi cling la trung binh cong cla két qua 3
lan xac dinh dé chuyén héa, chénh léch cho phép gitia 2
lan xac dinh khéng qua 1%.

1.2.3. Xdc dinh bdng hdng sé déng triing hop

- Ham lugng N cé trong copolymer dugc xac dinh
bidng phuong phap phan tich nguyén t6 theo Kjeldahl
(TCVN 2687-78) trén hé thong mdy Buchi Kjeldahl.

- Hang s6 dong trung hgp cua acid acrylic va
acrylamide dugc xac dinh theo phuong phép Fineman -
Ross:

Tu phuang trinh thanh phan vi phan copolymer:

d[MAA] Mg _ (Mgl 700 My ]+ M ]

d[MAM]:mAM (M1 rypg IM yp 1+ 1IM ]

Pat —4 = £ va LM AA]
mAM (M, ]
Chia vé phai phuong trinh cho [M, ] ta cé:
(M),
MM, Fx(r, F+1)
f=Fx = (3)
[MAA] N +F
Vot
[M 4]
Tu@)taco:r,,.f+f.F=r, F+Fduacacgidtrirvé

mot vé:
f.F-F=r,.F-r, f, chia phuong trinh cho f, ta cé:

F(f-1) r,F’ F*  F(f-1
E=D _ruk” —ry hay r=—r,—

f s / s

g 2
Day la phuong trinh tuyén tinh gitia %f_l) va F7 o)

(4)

M, ] chinh bang nc“Shg do clia hai
[44]
[am]

Bang thuc nghiém phan tich thanh phan cia copolymer

day, c6 thé xem [M, ], [

monome acid acrylic va acrylamide. Vay F =

m
—4 Ty cac gia
AM

tri cba F va fxac dinh dugc cacgia trir,, var,,

xac dinh dugc m,, vam_ . Tinh dugc f =

3. Két qua va thao luan

3.1. Anh huéng ty Ié acid acrylic va acrylamide dén qud
trinh déng triing hop

DE& nghién cliu dnh hudng cla ty Ié acid acrylic va
acrylamide dén qua trinh dong trung hgp, cac phan ting
dugc tién hanh & néng dé monome 0,5M, ham lugng chit
xuc tac (NH,),S,0, 1,0 % so vi monome, nhiét d6 phan
ung 70°C, pH = 3,7, ty |é acid acrylic/acrylamide tham gia
phan tng theo khéi lugng lan lugt la 70/30; 50/50; 30/70.

Két qua dugc thé hién trén Hinh 1.

T6c d6 phan tng déng trung hop phu thudc vao ty
Ié acid acrylic/acrylamide la 16n nhat. Két qua nay co
thé giai thich khi so sanh dang céng huéng cla acid
acrylic va acrylamide (so d6 1) thdy rang: acrylamide
cdng hudng bén viing hon acid acrylic vi acid acrylic co
mot dang cong hudng mang dién tich duong trén oxy
tich dién am. Vi vay, anh hudng cltia chat thay thé trén
lién két do6i trong monome lam tang kha nang phan
Ung la: -CONH, > -COOH.

K&t qua nghién ctiu cho thdy & cing mot diéu kién va
thoi gian phan ting, néu ty |é acrylamide/acid acrylic cao
hon thi téc d6 phan ting dong trung hop I6n han (do kha
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nang phan Ung cda acrylamide I6n hon acid acrylic trong
cung mot thai diém phan ung).

3.2. Anh huéng cta pH dén qud trinh d@éng tring hop

P& nghién ctu dnh hudng cta pH dén qua trinh
dong trung hop, cac phan tng dugc tién hanh & nong
dd monome 0,5M, ty 1é acid acrylic/acrylamide tham gia
phan tng theo khéi luong lan lugt la 70/30; 50/50; 30/70,
ham lugng chat xuc tac (NH,),S,0, 1,0% so véi monome,
nhiét d6 phan tng 70°C. Két qua thé hién trén cac Hinh
2,3vad4.

Két qua Hinh 2, 3 va 4 cho thdy t6c d6 phan tng dong

trung hgp & cing moét khoang thai gian giam khi pH tang
(do khi pH tang, kha ndng phan ting cla acid acrylic giam,
dan téi téc do phan tng chung giam).

3.3. Xdc dinh hdng sé déng tring hop

Hang s6 dong triung hop clia cdc monome phan anh
kha nang phan ng va két hop gilra cac géc trong qua
trinh phan Ung. D& xac dinh cac hdng s6 déng trung
hopr,, var,, trong cdc phan ting dong trung hop acid
acrylic va acrylamide, ham lugng N dugc xac dinh bang
phuong phap phan tich nguyén t6 cac san pham thu
dugc tai cac ty [€ monome acid acrylic/acrylamide khac

nhau va pH khac nhau. Cac két

_ //O C+ _ 0 +/O_ qua tinh toan dugc trinh bay
CH, =CH —C\ <> CH — CH —C\ <> CH, =CH _C\\ trong Bang 1.
NH, NH, NH oo A
2 TU cac méi quan hé tuong
//0 " O e giao gidia r,, va r,, & Bang 2,
CH,= CH —C\ <> CH,— CH ZC\ <= CH,= CH —C_ 4 nhom tac gia tinh toan cac hang
OH OH “oH s6 dong trung hop r,, var,, tai

S0 dé 1. Cdc dang céng hudng cta acid acrylic va acrylamide
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Hinh 3. Anh huéng ctia pH dén qud trinh @éng triing hop acid
acrylic/acrylamide tai ty 1é 50/50
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cac gia tri pH khac nhau (Bang 3).
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Hinh 2. Anh huéng cda pH dén qud trinh déng tring hop acid
acrylic/acrylamide tai ty 1é 70/30
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Hinh 4. Anh huéng ctia pH dén qud trinh déng triing hop acid
acrylic/acrylamide tai ty 1é 30/70
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Bdng 1. Thanh phdn cua acid acrylic va acrylamide trong monome ban ddu va copolymer tao thanh

Ty lé acid acrylic/acrylamide

Acid acrylic/acrylamide,

Acid acrylic/acrylamide,

~ rs ~ n o
Phan tich nguyén t6 N(%) phan mol (copolymer), f

10,82 0,811
7,07 1,807
3,74 4,210

12,79 0,534
9,95 0,991
6,75 1,896

13,38 0,467

10,52 0,883
741 1,637

15,30 0,285

12,49 0,584
8,90 1,198

Bdng 2. Cdc gid tri hé s6 phuong trinh duong thdng biéu dién méi quan hé tuong giao gidar,,var,,

pH (theo khéi lugng) phan mol (monome), F
30:70 0,43
2,2 50:50 0,99
70:30 2,37
30:70 0,43
3,7 50:50 0,99
70:30 2,37
30:70 0,43
4,2 50:50 0,99
70:30 2,37
30:70 0,43
6,2 50:50 0,99
70:30 2,37
Ty 1é acid acrylic/acrylamide F?
pH e P=
(theo khoi lugng) f
30:70 0,2280
2,2 50:50 0,5424
70:30 1,3342
30:70 0,3463
3,7 50:50 0,9890
70:30 2,9625
30:70 0,3956
4,2 50:50 1,1100
70:30 3,4321
30:70 0,6488
6,2 50:50 1,6783
70:30 4,6886

Két qua Bang 3 cho thay:

- Tai pH = 2,2 thi rw=1724>1var, =0493 <1,
nghia la K,, > K va K, <K ,acid acrylic hoat ddng manh
han acrylamide, g6c AA* va AM- phan (ing véi acid acrylic
dé han, copolymer giau acid acrylic hon.

- TaipH=37vapH=42thir,, <1var, <1,g6cAA
dé phan Ging véi acrylamide con géc AM® dé phan tng véi
acid acrylic, copolymer trudc diém uén giau acrylamide
hon, con sau diém udn nghéo acrylamide hon hén hop
ban dau.

- Tai pH = 6,2 thi r,=0364<1Tvar,=1315>1,

nghia la K, > K, va K, > K , acrylamide hoat déng
manh hon acid acrylic, géc AA" va AM phan Ung vdi
acrylamide dé& hon, san pham copolymer tao thanh giau

acrylamide hon.

F(f-1) ) . .
G= f Phuong trinh duong thang
-0,1002 Fay = 0,228.1,, + 0,1002
0,4421 Fay = 0,5424.1,, - 0,4421
1,8071 Fan = 1,3342.1,,- 1,8071
-0,3752 Fay = 0,3463.1, + 0,3752
-0,0090 Faw = 0,989.1,, + 0,009
1,1200 Fa = 2,9625. 10~ 1,12
-0,4900 Fay = 0,3956.1,, + 0,49
-0,1312 Faa=1,11.0p,+0,1312
0,9219 Fa = 3/4321.1,,- 0,9219
-1,0788 Fa = 0,6488.r,, + 1,0788
-0,7052 Fa = 1,6783.r,, + 0,7052
0,3917 Fa = 4,6886. 1, - 0,3917

Bdng 3. Hding s6 dong tring hop cdar,, var,,, tai cdc gid tri pH

khdc nhau
PH Fan Fam
2,2 1,724 0,493
3,7 0,572 0,575
4,2 0,465 0,674
6,2 0,364 1,315

4.Kétluan

- San phdm cla qua trinh déng trung hop acid
acrylic va acrylamide v&i su c6 mat cta chat khoi
mao ammonium persulfate trong dung dich nudc la
copolymer. T6c d6 phan (ng déng trung hgp (& cling
diéu kién va thai gian phan Gng) 16n hon néu ty lé
acrylamide/acid acrylic cao hon.

- Cac hang s6 dong trung hop cla acid acrylic va
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acrylamide tai cac gid tri pH khac nhau dugc tinh bdi
phuong phap Fineman - Ross. K&t qua cho thdy c6 mét
su thay d6i dang ké kha nang phan ting clia cdéc monome
tham gia qua trinh déng trung hop khi gia tri pH cla cac
dung dich phan Ung thay dgi tir2,2 - 6,2.

- Da tinh toan dugc hang s6 déng trung hop rAA
va rAM tai cac gia tri pH la 2,2; 3,7; 4,2 va 6,2. Két qua
cho thdy & pH = 2,2 copolymer giau acid acrylic hon,
con & pH = 6,2 copolymer giau acrylamide hon. Tu két
qué nghién ctu quan trong nay c6 thé diéu khién ty l&
acid acrylic/acrylamide trong copolymer dé ché tao hé
dung dich gel bén nhiét cla HPAM (partially hydrolysed
polyacrylamide) va mudi ctia chromium (lll) phuc vu
céng tac khai thac dau khi nham tang nang suat khai
thac dau.
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Synthesis and characterisation of poly
(acrylamide-co-acrylic acid)

Summary

Hoang Long, Le Thi Thu Huong, Truong Van Dung
Vietnam Petroleum Institute

In this study, poly(acrylamide-co-acrylic acid) was synthesised by polymerising acrylamide (AM) and acid acrylic (AA)
in an aqueous solution, using ammonium persulfate as a trigger agent. The polymerisation constant of monomers
at different pH values was calculated by the Fineman — Ross method. The experiments have showed that at pH = 2.2,
copolymers were richer in acrylic acid, but at pH = 6.2 more acrylamide was observed. This result showed that the
rate of AA/AM in copolymers can be controlled to produce a heat-stable gel system of HPAM (partially hydrolysed
polyacrylamide) and salt of chromium (lll), which are used in oil and gas production to increase productivity.
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