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Toém tat

Chdt hoat déng bé mdt dugc st dung nhiéu trong céng nghiép [4, 5, 7], trong dé c6 linh vuc ddu khi nhu téng cudng
thu héi ddu [3, 8 - 11], xir ly kich thich via bang nhii tuong acid [2]... Chét hoat déng bé mdt khéng ion dang alkylphenol
ethoxylate c6 thé duoc sdn xudt tir cdc nguén phenol thu héi trong nuéc nhu ddu than céc (Thdi Nguyén) véi lugng phe-
nol c6 thé thu héi téi da dat gan 1.000 tdn/nam. Tuy nhién, viéc sit dung ddu than céc tai Viét Nam chua dat hiéu qua kinh
té cao va nuéc ta van dang phdi nhdp khdu chdt hoat déng bé mdt khéng ion alkylphenol ethoxylate dé sir dung cho cdc
nganh céng nghiép trong nuéc. Bai bdo gidi thiéu nghién ciu téng hop chdt hoat déng bé mdt khéng ion sit dung cho
tdang cudng thu héi va xir ly kich thich via ddu khi tir phenol thu héi tir ddu than céc ciia Nha mdy Céc héa Thdi Nguyén.

Turkhéa: Chdt hoat déng bé mat khong ion, alkylphenol ethoxylate, nonylphenol ethoxylate, than céc.

1. Giéi thiéu

Alkylphenol ethoxylate thuéc nhém hgp chat alcol
ethoxylate, 1a cdc hgp chat hoat ddng bé mat khong ion
[4, 5]. Khd nang tan trong nudc clia cac chat hoat dong bé
mat khoéng ion dugc hé trg béi cac doan mach ethylene
oxide. Cac nhém polyoxyethylene nay dugc tao thanh
do phdn Ung cé xuc tac gila ethylene oxide vd&i nhiing
hop chat co chia nguyén tir hydro linh déng, do vay cau
trdc cda cadc nhom la da dang va tan trong nudc khi bi
ethoxylate héa. Phan ky nudc vé ban chat la cac mach
hydrocarbon dai, cé tur 8 - 12 nguyén t{ carbon, dinh vao
phan nhan va tao thanh alkylphenol. Nhan phenol déng
vai trd cau ndi dé lién két hai dau ua nuéc va ky nudc trong
phan ti alkylphenol ethoxylate.

Cac alcol ethoxylate dugc tao thanh nhd phan tng
gita cac alcol véi ethylene oxide. Do ban chat ctia qua
trinh ethoxylate hoa, su phan bé s6 phan t ethylene oxide
trong mét phan tl alcol ethoxylate (muc do ethoxylate
hoa) nam trén mot dai kha rong. Ty 1€ gitta sdn pham va
cac chat phan ting ban dau phu thudc vao cac théng s6
khac nhau cla qua trinh (mdc d6 polymer héa, ban chat
baza hodc acid ctia chat xuc tac...).

Cac chat hoat dong bé mat khéng ion co thé tuong
hgp vGi céc chat hoat ddng bé mat khac, véi d6 bén hoa
hoc rat I6n. Cac chat hoat dong bé mat nay dugc (ng
dung trong rat nhiéu nganh céng nghiép khac nhau, ciing
nhu trong cac sdn pham gia dung. Chang la nhiing chat
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tdy rta tét va thudng dem lai hiéu qué cao khi dugc két
hop véi cac chat hoat dong bé mat dang ion khac. Ngoai
ra, khong chi c6 kha ndang chiu nuéc c6 do cing I6n, khi &
mot néng d6 nhat dinh, cac hop chat hoat déng bé mat
con ¢6 thé gilp hoa tan cdc mudi calcite hodc magié cla
chat hoat ddng bé mat LAS.

Céc hgp chat alkylphenol ethoxylate dugc téng hop
tU phenol théng qua hai phan Ung:

- Phan Ung alkyl héa phenol dé tao ra alkylphenol:

OH OH

n=8-12 CnH2n+1
- Phan Ung ethoxylate hoa alkylphenol dé tao ra
alkylphenol ethoxylate

OH 0 O7(CH,-CH,-0),H
/ "\ oW
+ n(CHy = CHy)—>
R=Cg-Cyp
R n=6-15 R

2. K&t qua thu héi phenol tit dau than c8c va tinh ché
phenol tir dau than céc Thai Nguyén

2.1. Phén tich thanh phan ddu than céc Thdi Nguyén

Bang 1 thé hién mot s6 tinh chat héa ly clia dau than
c6c¢ thu dugc tir Nha may Céc hda Théi Nguyén.
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Bdng 1. Mét s6 tinh chdt héa ly cda dau than c6¢

Két qua do Két qua

Chi tiéu Bonvi Phuong phap danh gid Lan1 Lan2 Lan3 Lan4 Lan5 trungbinh
Ty trong (nhiét d6 thuang) - ASTM D1298 1,102 = 1,102 1,103 1,104 1,105 1,103
Chi s6 acid mg KOH/g TCVN 6127:2007 12,8 12,5 12,4 12,9 12,4 12,6
Nhiét do bat chay céc kin °C ASTM D93 125 124 125 124 126 125
Ham lugng amoni % khdilugng  Phé UV-VIS 0 0 0 0 0 0

D6 nhét ddng hoc (nhiét
do thuong)

Ham lugng luu huynh
Ham lugng can nhua % khéiluong ASTM D189
Ham lugng tro % khéilugng  ASTM D482
Nhiét do két tinh oC ASTM D2386

cSt TCVN 3171:2007

Bdng 2. Két qud phan tich ham lugng cua cdc hop chdt cé trong
mau ddu than céc bdng phé GC-MS

Peak Ham Ham
(thoi A, luong luong
gian Chat tuong trong dau
luu) doi cdc (%)
5.32 Phenol 90 6,40
5.968 Benzene, cyclopropyl- 30 2,13
6.148 Phenol, 2-methyl- 40 2,84
6.385 Phenol, 3-methyl- 40 2,84
6.700 Phenol, 2,6-dimethyl- 920 6,40
7.060 Phenol, 2,4-dimethyl- 17 1,21
7.240 Phenol, 3,5-dimethyl- 75 533
7.409 Naphthalene 100 7,11
7.837 Isoquinoline 60 4,27
8.220 Naphthalene, 1-methyl- 72 5,12
8366 Naphthalene, 2-methyl- 60 4,27
8.805 Biphenyl 72 512
8.929 Naphthalene, 1-ethyl- 27 1,92
9.042 Naphthalene, 1,7-dimethyl- 60 4,27
9.143 Naphthalene, 1,8-dimethyl- 60 4,27
9.188 Naphthalene, 2,6-dimethyl- 58 413
9.323 Naphthalene, 2,6-dimethyl- 32 2,28
9.436 Naphthalene, 2,6-dimethyl- 10 0,71
9.627 Nonadecane 15 1,07
9.695 1,1-Biphenyl, 4-methyl- 55 3,91
9.774  Acenaphthene 82 5,83
9.976 1-Isopropenylnaphthalene 6 0,43
9.886 Naphthalene, 1,4,5-trimethyl- 7 0,50
10.100 Dibenzofuran 80 5,69
10,156 Naphthalene, 2,3,6-trimethyl- 10 0,71
10.382 Naphthalene, 1,6,7-trimethyl- 6 0,43
10.877 Fluorene 80 5,69
11.068 1,1'-Biphenyl, 4-methyl- 14 1,00
11.282 9H-Xanthene 16 1,14
11.507 Dibenzofuran, 4-methyl- 8 0,57
12.172 Heptadecane 1 0,07
13.658 Naphtho[2,3-b]thiophene 1 0,07
14.277 Phenanthrene 24 1,71
14.480 Anthracene 8 0,57

Dau than c6c dugc phan tich ham lugng clia cac hop
chét c6 trong mau dau than c6c (Bang 2) bang phuong

% khéilugng  Phé huynh quang tia X

16,83 = 16,71 16,89 16,90 16,78 16,82

0 0 0 0 0 0
1,5 1,2 1,3 1,4 1,2 1,3
0,082 0,085 0084 0,085 0,085 0,085

27 25 28 24 24 25,6

Bdng 3. Thanh phdn phenol va cdc dén xudt
cta phenol trong ddu than céc

Ham luong Ham lugng trén
Chat trongdauthan téng phenol va
c8c (%) dan xuat (%)

Phenol 6,40 25,58
Phenol, 2-methyl- 2,84 11,35
Phenol, 3-methyl- 2,84 11,35
Phenol, 2,6-dimethyl- 6,40 25,58
Phenol, 2,4-dimethyl- 1,21 4,84
Phenol, 3,5-dimethyl- 5,33 21,30

phap sac ky khi - khéi phd (GC-MS) trén thiét bi do GC-MS
Quattro-Micro GC (Waters - My) tai Vién Héa hoc - Vién
Han [am Khoa hoc va Cong nghé Viét Nam.

TU d6, nhém tac gia tinh toan thanh phan ctia phenol
c6 trong dau than c6c Thai Nguyén (Bang 3).

2.2. Quy trinh trich ly phenol tir ddu than céc (Hinh 1)

Lay 100ml dau than c6c trdn 1an vai dung dich NaOH
trong binh diéu nhiét & cac diéu kién nhiét do, nong dé
NaOH va thai gian khudy khac nhau. Phan phenol va cac
dan xuat cé ty trong nang hon nudc, nén pha hiu co
nay sé & phia dudi, con pha nudc nhe hon & phia trén.
Chiét va thu ldy pha nuéc chia cac mudi phenolate va
alkylphenolate. Pha nuéc chita cac mudi phenolate va
alkylphenolate dugc acid héa bang HCI 37% vdi cac lugng
acid khac nhau, sau d6 dugc chiét bang toluene. Phan
chiét thu dugc dem chung cat dé loai dung méi, thu dugc
hén hgp chat ran mau trang, bao gém phenol, cresol va
xylenol. Thanh phan clia cac chat trong hén hgp dugc
phan tich bang hé théng sac ky 1éng cao ap (HPLC).

K&t qua khao sat anh hudng clia nhiét d6 qua trinh
hoa tan dau céc vao dung dich NaOH; thai gian hoa tan
dau c6¢; lugng NaOH; lugng HCl; lugng toluene cho thay
hiéu suat trich ly t6i da dat dugc trén 96% & cac diéu kién
xac dinh: nhiét d6 cta qua trinh hoa tan 60°C, ty |é NaOH/
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Dau than c6c

Acid HCI 37%

l

Toluen

Pha nuéc

Hén hop phenol
va mudi NaCl

Phenol trich ly
(hén hop phenol,
cresol, xylenol)

175-185°C

A

» Phenol tinh ché

Pha h(iu co

Dung dich mugi
NacCl

Hinh 1. S0 dé trich ly phenol tir dau than c6¢ Thdi Nguyén

Bdng 4. Nhiét d6 néng chay va nhiét do séi cia phenol, cresol

va xylenol
Chit Nhiét do Nhiét do soi
néng chay (°C) (°Q)
Phenol 40,9 181,8
Phenol, 2-methyl- 31,0 191,0
Phenol, 3-methyl- 12,2 202,2
Phenol, 4-methyl- 34,7 201,9
Phenol, 2,3-dimethyl- 72,6 216,9
Phenol, 2,4-dimethyl- 24,5 210,9
Phenol, 2,3-dimethyl- 74,9 211,1
Phenol, 2,6-dimethyl- 45,6 201,0
Phenol, 3,4-dimethyl- 65,1 227,0
Phenol, 3,5-dimethyl- 63,3 221,7
10 4
286 = o e
& 3 i i -
1] - i \ ) .
00 \"‘"“{\"’ \ AN !\\! BJ_
4ot0 sot0 2ok 2500 20 1500 000 sho
Wimverwmbens (om- 1)
Dete Thu Oct 18 20 33 43 2012 B
Scars 32
Fesohtion 4 000
Hinh 2. Phé héng ngoai cia méu phenol trich ly
0
030 4
A
b o8 4
o
[ ~.
E 01s 1
" 00 | — -
008
000
w00 00 2000 20 2000
Warvsnumbers (om-1)
Dwte Tru Oct 18 202334 2012 3. P

Scaraw 32
FRreacktion

42

4 000

Hinh 3. Phé héng ngoai cta phenol tinh ché
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dau than c6c 4%, ty lé dung dich HCl 37%/dau than c6c
10% ty |é toluene/dau than céc 8%.

2.3. Quy trinh tinh ché phenol tir phenol trich ly

Quy trinh trich ly phenol tir dau than c6c bao gém
cac cong doan sau:

Phenol dugc tinh ché ti hon hgp gom phenol, cresol
va xylenol bang cach chung cat, dua trén nhiét d6 séi khac
nhau (Bang 4). Phenol tinh ché c6 d6 tinh khiét 99,5%.

Phé héng ngoai clia 2 mau phenol trich ly (Hinh 2)
va phenol tinh khiét (Hinh 3) déu xuat hién cac s6 séng
tuong Ung vai cac dao dong dac trung cla cac lién két
trong phan t& phenol. D6i véi mau phenol tinh ché, cudng
d0 cla cac peak dac trung cho nhém -OH cla phenol kha
manh, trong khi cuéng dé clia cac peak dac trung cho
nhom -CH cta géc hydrocarbon no rat yéu. D6i vsi mau
phenol trich ly, cudng d6 cla cac peak dac trung cho
nhom -CH ctia géc hydrocarbon no kha manh, trong khi
peak dac trung cho nhom -OH tuong d6i yéu ching to
tén tai nhiing hop chat chiia nhom alkyl mach ngan nhu
cresol va xylenol.

3. Két qua nghién ctiu alkyl héa phenol thu héi tir dau
than c6c Thai Nguyén
3.1. Lua chon loai phenol nguyén liéu thu héi tir dau
than céc Thdi Nguyén

Theo két qua thu hoi phenol tir dau than c6c & trén,
nhém tac gia thu dugc 2 loai phenol:

- Phenol trich ly: chiém 25% trong lugng dau than
c6¢, 1a hén hop cda phenol, cresol (methyl phenol) va
xylenol (dimethyl phenol).

- Phenol tinh ché: chiém 6,4% trong lugng dau than
c6¢, gan nhu la phenol tinh khiét.

Lugng phenol trich ly cao gap gan 4 lan so vai lugng
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phenol tinh ché thu dugc nén qua trinh téng hop chat
hoat dong bé mat alkylphenol ethoxylate sé thu dugc
Iuong san pham nhiéu hon. Nhém téc gia da danh gia kha
nang st dung phenol trich ly dé€ t6ng hop chat hoat déng
bé mat khéng ion alkylphenol ethoxylate.

Phan ung alkyl héa phenol la phan (ng thé
carbocation:

g
o -—CH3A

(2)/0* CHaA™ +© ‘@
ST — QS
3 A - + HA
‘)/[“'@] *r ©
H R, Ry

Theo do6, mat do electron & vong thom cang cao,
phén (ing xay ra cang dé. Cac phan tl cresol va xylenol
€6 1 hodc 2 nhém -CH, dinh vao vong thom. Cac nhém
methyl nay c6 hiéu iing cdm Ung day electron vao vong
benzene, khién cho mat dé electron trong vong thom
cao hon so véi phenol, do dé kha nang alkyl héa cda
cac hgp chat nay sé t6t han so vaGi phenol. Kich thudc
clia cdc nhom -CH, rat nho, khong di dé gay ra sy an
ng{ khéng gian doi véi phan tng ethoxylate héa nhém
-OH hoac anh huéng dén dé tan cta hop chat APE
trong nudc.

3.2. Quy trinh alkyl héa

Quy trinh t8ng hop nonylphenol ti phenol trich ly (1
hén hgp phenol, cresol va xylenol) thu dugc ti dau than
c6¢ vai 1-nonene st dung xuc tac dong thé la dung dich
H,S0, 98%.

Hiéu suat ctia qua trinh alkyl hda dugc tinh theo lugng
nonene dau va lugng nonene con du:

m,
x 100 %
m

Trong do:

H: Hiéu suat phan ung;

m_: Khéi lugng nonen dau (g);

m,: Khéi lugng nonene con du (g).

Thiét bi phan tng st dung cho qua trinh alkyl hoa
la thiét bi phan Ung ty déng Atlas Automated Synthesis
System (Syrris). MOt s6 hinh anh cta qua trinh alkyl héa
dugc thé hién & Hinh 4.

(a) (6)

Thiét bj phan iing San phdm sau qud trinh trung hoa acid
Hinh 4. Mét s6 hinh dnh cda qud trinh alkyl héa
Bdng 5. Diéu kién thi nghiém cho qud trinh alkyl héa

Cac yéu té anh huéng

Muc Nhiét do Apsuat = Thaigian
(°Q) (atm) (gid)
Mduc trén (+1) 140 1,5 3
MUc co sé (0) 120 1,0 2
Muc duéi (-1) 100 0,5 1
Khoang bién thién 20 0,5 1

3.3. Quy hoach thuc nghiém va téi uu héa quy trinh alkyl
héa phenol thu duoc tir ddu than céc
- Chon mién khao sat

TU két qua khado sat anh hudng clia cac yéu té dén
hiéu sudt ctia qua trinh alkyl hoa, nhém tac gia xdy dung
diéu kién thi nghiém (Bang 5).

- Chon phuong an quy hoach truc giao cap Il (TYT 24
thuc nghiém yéu té toan phan 2 muc, k yéu té anh hudng.
Phuong trinh hoi quy c6 dang:

Y=b_+bx +bx, +bx +b xx, +b,xx +b xx +

b”x12+ be2 + b33x32 (*)
Trong do6:
x,: Nhiét do;
x,: Ap suat;
x,: Thai gian.
- Thuc hién thi nghiém truc giao cap Il
V6i 56 bién doc lap k=3, n_= 1 thi gia tri a’= 1,467.

S6 thuc nghiém: N = 2 + 2.k + n_ = 15 gom s6 thi
nghiém & nhan: 2= 8 va & cac diém sao: 2.k = 6.

Trong d6, bién doc lap: k = 3; s6 thi nghiém &tamn_=
1;a%= 1,467 v&i k = 3.

Phuong trinh hoi quy (¥) clia hiéu suat qua trinh alkyl
héa phenol vao cac yéu t6 nhiét do, 4p suat va thai gian
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thu dugc tir qua trinh téi uu héa bang phan mém Design
Expert nhu sau:

Hiéu suat = 89,41 - 2,39x, + 5,67x, + 1,9x, - 7,84x 2 -
1,75x22 - 1,75x32 - 0,25%,x,- 0,5X X, - X, X,

Chuyén d6i sang gia tri thuc tuang ting thu dugc cac
gia tri t6i uu cho hiéu suét ctia qua trinh alkyl héa la: nhiét

Bdng 6. Ma tran quy hoach thuc nghiém cho qud trinh alkyl héa

o Cac yéu té anh huéng Hiéu suat
S6 thi SR . v s .
nghiém Nhiét do Apsuat  Thoigian  phan ting
' m (P) ® (H)
1 + + + 83
2 - + + 88
3 + - + 74
4 - - + 80
5 + + - 80
6 - + - 85
7 + - - 71
8 - - - 71
9 +0o. 0 0 71
10 -0, 0 0 81
11 0 +0o. 0 95
12 0 -0, 0 75
13 0 0 +0ol 87
14 0 0 -0l 83
15 0 0 0 95
DESIGN-EXPERT Plot
Higu suat
X = A: Nhigt do
¥ = B: Ap sudt
Amua_rfar_;lor é
C: Thai gian = 0,00
B dp_sum

Hinh 5. D6 thj biéu dién dnh huéng cta cdc yéu t6
dén hiéu sudt qud trinh alkyl héa

T T

SEEREEEEER

Wavarumbers (om-1)

Hinh 6. Phé héng ngogi ciia nonylphenol trich ly
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do T =118°C, ap suat P = 0,92atm, thai gian t = 1,85 gid.
Khi d6é hiéu suat sé dat gia tri H = 95,23%.
3.4. Tinh chét héa ly ciia nonylphenol thu duoc

Mot s6 tinh chat hoa ly dac trung cha nonylphenol
thu dugc thé hién 6 Bang 7.

T két qua trén, nhom téac giad xay dung quy trinh dé
alkyl héa phenol trich ly thu dugc tir dau than coc:

- Phenol va acid H,50, 98% (ty lé dung dich acid/
phenol = 8%) dugc cho vao binh cau ba ¢6 c6 sinh han,
nhiét ké va phéu nhé giot. Hon hgp dugc khudy bang
khuady tir & nhiét d6 thudng trong khoang 15 phdt, sau dé
dugc gia nhiét dén 120°C. 1-nonene dugc bé sung tu tur
vao binh phan ting tir phéu nho giot, véi ty 1& phenol/1-
nonene la 8:1. Sau khi 1-nonene dugc cho vao hét, hén
hgp phan Gng dugc khudy thém 2 gi¢ nira & nhiét do
khéng d6i 120°C va ap suat khong ddi 1atm. H6n hop
phan Ung dugc lam lanh & nhiét d6 phong, sau d6 dugc
loai b xuic tac bang cach rita hén hgp vaéi 30ml dung dich
NaHCO, bao hoa.

- Hén hop thu dugc dé 13ng qua dém & nhiét do
phong cho phan I6p. Chiét lay I6p hitu co nam & trén, sau
dé dem chung cat dé thu dugc sdn phdm véi cac phan
doan nhiét dé. Phan doan 140 - 150°C: thu ldy 1-nonene
(t°,, = 145°C) chua phan Ung. Phan doan 175 - 235°C: thu
lay phenol, cresol va xylenol chua phan (ing. Phan doan
>280°C: thu lay hén hop cac nonylphenol.

Diéu kién t6i uu cho phan ung alkyl héa phenol trich
ly thu dugc khi thyc hién quy hoach héa thuc nghiém:
nhiét d6 T = 118°C, 4p suat P = 0,92atm, thoi gian t = 1,85

TUANANH-M3-DMSO-1H

Hinh 7. Phé cdng huéng tir cdia nonylphenol trich ly
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Bdng 7. Mét sé tinh chdt héa ly ddc trung cta nonylphenol téng hop

Tinh chat Pon vi do
Ty trong (nhiét d6 thuong) -
Chi s6 acid mg KOH/g
Nhiét do bat chay c6c kin °C
Ham lugng amoni % khéi luong
D6 nhét ddng hoc (nhiét dé thudng) cSt

Ham lugng luu huynh
Ham lugng can nhua % khai luong
Ham lugng tro % khai luong
Nhiét do két tinh °C

% khoi luong

D6 &m % khéi lugng

Nhiét d6é chdy mém (nhiét d6 nong chay) °C

Hinh 8. Thiét bj phan ting st dung cho qud trinh ethoxylate héa

gi®. Khi dé hiéu suat sé dat gia tri H = 95,23%. Hiéu suat
clia phan tng téng hop nonylphenol tir phenol tinh ché
VGi cac diéu kién trén cing dat gia tri xap xi 95%. Ngoai
ra, mot s tinh chat héa ly co ban cha hai san phadm
nonylphenol tit phenol trich ly va phenol tinh ché khong
khac nhau nhiéu.

4. Két qud nghién ciu tdng hgp nonylphenol
ethoxylate

4.1. Quy trinh ethoxylate héa nonylphenol

Chat hoat déng bé mat khong ion nonylphenol
ethoxylate dugc tdng hgp nhd phéan (ng alkoxylate
hoa nonylphenol thu dugc & trén. Quy trinh alkoxylate
héa phenol gém cac cong doan: thit dp suat cla thiét
bi va nap liéu; qua trinh loai nudc va Idy mau; bé sung
ethylene oxide va thuc hién phan uUng; loai ethylene
oxide du va trung hoa xuc tac; tach va thu héi san pham.

Nonylphenol = Nonylphenol
Phuong phap danh gia tu phenol tu phenol
trich ly tinh ché
ASTM D1298 0,948 0,935
TCVN 6127:2007 267 272
ASTM D93 144 138
Phé UV-VIS 0 0
TCVN 3171:2007 7,8 7,1
Phé huynh quang tia X 0 0
ASTM D189 0 0
ASTM D482 0 0
ASTM D2386 81 84
Xac dinh @6 mat khéi lugng Ifhi 09 0.7
dat trong binh kin chia voi séng ' !
ASTM D87 -4 -5

Bdng 8. Diéu kién thi nghiém cho phdn ting ethoxylate héa

Céc yéu té anh huéng

Cac muc Nhiétdd  Apsuat  Thaigian
(°Q) (atm) (gio)
Muc trén (+1) 170 6 9
Mic ca s6 (0) 150 5 8
Muc duéi (-1) 130 4 7
Khoang bién thién 20 1 1

Thiét bi phan Ung 4p suat cao nhiét dé cao dugc thé
hién & Hinh 8.
4.2. Quy hoach thuc nghiém va téi uu héa quy trinh

ethoxylate héa nonylphenol

- Chon mién khao sat: Turkét qua khédo sat anh hudng
clia cac yéu t6 dén hiéu suat clia qua trinh ethoxylate hoa
nhu trén, nhém tac gia xay dung cac diéu kién thi nghiém
(Bang 8).

- Chon phuang an quy hoach truc giao cap I (TYT 2¥)
thuc nghiém yéu té toan phan 2 muc, k yéu té anh hudng.
Phuong trinh héi quy c6 dang:

Y=b_+bx +bx +bx +b xx, +b,xx +b xx +

b, x.*+b_x>+b, x? (¥
Trong do:
x,: Nhiét do;
x,: Ap sudt;
x,: Thoi gian.
- T6 chic thi nghiém truc giao cap Il
Vi s6 bién doc lap k=3, n_= 1 thi gid tri a’= 1,467.

S6 thuc nghiém: N =2+ 2k + n_= 15 bao gom s6 thi
nghiém & nhan: 2k = 8 va & cac diém sao: 2.k = 6.
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Bang 9. Ma trdn quy hoach thuc nghiém ddnh gid cdc yéu té
anh huéng dén hiéu sudt qud trinh ethoxylate héa

ooy Cac yéu t6 anh huéng Tylé san
So thi Cxs aa ‘ x e 2
nghiém Nhiét do Apsuat  Thoigian  pham thu
: (T) (P) (t) duoc (%)
1 + + + 98,8
2 - + + 97,6
3 + - + 96,0
4 - - + 94,9
5 + + - 96,3
6 - + - 95,5
7 + - - 95,9
8 - - - 98,9
9 +0 0 0 98,8
10 -0l 0 0 96,5
11 0 +0 0 95,6
12 0 -0l 0 96,2
13 0 0 +0o 98,8
14 0 0 -0l 98,7
15 0 0 0 97,3
DESIGN-EXPERT Plot
Higu sudt
X = A: Nhiét dé
Y =B Apsuit
Actual Factor
C: Thai gian

Hinh 9. D6 thi dnh hudng cua cdc yéu té dén hiéu sudt qud trinh
ethoxylate héa nonylphenol thu dugc

Trong d06, bién déc lap k = 3; s6 thi nghiém & tam
n,= 1;a%= 1,467 v&i k = 3.

Dua vao bang ma tran thuc nghiém, cac hé sé bj
trong phuong trinh hoi quy thu dugc theo cdng thic (*).
S dung phan mém Design Expert dé€ lap ké hoach thuc
nghiém, chon mé hinh, phan tich phuong sai... va tim ra
phuong trinh héi quy.

Phuong trinh héi quy clGa hiéu sudt qua trinh
ethoxylate hoa phu thudc vao cac yéu té nhiét do, ap suat
va thai gian thu dugc ti qua trinh t6i uu hoa bang phan
mém Design Expert nhu sau:

Ty 16 =98,51-0,16x,+ 0,91x,+ 0,46x,- 0,22x,>- 1,07x,?
-0,7x,7- 0,34x,x,- 0,41x X, + 0,09% X,

Chuyén d6i sang gia tri thuc tueng Ung thu dugc
céc gia tri t6i uu cho ty 1é khéi lugng gitta san pham thu
dugc so vai lugng hén hgp cac chat ban dau ctia qua trinh
ethoxylate hoa la: nhiét d6 T = 130°C, ap suat P = 4,75atm,
thoigian t=7,88 gid.
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4.3. Tinh chdt héa ly cia nonylphenol ethoxylate téng
hop va so sdnh véi san phd@m thuong mai tuong duong

Nhom tac gid danh gid tinh chat héa ly cua
nonylphenol ethoxylate téng hgp dugc va so sanh véi san
phdm tuong duong la Tergitol™ NP-9 (The Dow Chemical
Company) dang dugc ban trén thi trudng.

4.3.1. Thanh phdn cta san phdm nonylphenol ethoxylate

Thanh phan cta nonylphenol ethoxylate téng hop tu
phenol trich ly, Tergitol™ NP-9 va nonylphenol ethoxylate
téng hap tir phenol tinh ché duoc phan tich bang phé GC-
MS (Hinh 10).

Két qua phan tich thanh phan cla cac déng dang
ethoxylate c6 trong mau nonylphenol ethoxylate t6ng
hop va mau Tergitol™ NP-9 dugc thé hién & Bang 10.

Bang 10 cho thay cac hgp chat cé trong nonylphenol
ethoxylate téng hop tu phenol trich ly va phenol tinh
ché& déu c6 s6 nhom ethylene oxide (EO) trong phan tu
dao dong tur 0 - 20, trong khi san pham Tergitol™ NP-9 c6
nhom ethylene oxide nam trong khoang 4 - 16.

Ngoai ra, su phan bé cla cac déng déng ethoxylate
theo trong lugng cla cac san pham nonylphenol
ethoxylate téng hgp va Tergitol™ NP-9 déu cd hinh
chuéng, tuan theo phan bé chudn Gauss (Hinh 11).

S8 nhém ethylene oxide trung binh trong san pham
nonylphenol ethoxylate téng hop va Tergitol™ NP-9 dugc
tinh dua vao thanh phan cla cac déng ding ethylene
oxide c6 trong san pham, theo cong thuc:

Neo= ZEQ- X Pi
i=1
Trong dé:
EO.: S6 nhém ethylene oxide trong phan tir|;
p;: Ham lugng ctia phan tir thii.

K&t qua thu dugc cho thay s6 nhém ethylene oxide
trung binh trong san pham nonylphenol ethoxylate téng
hgp ti phenol trich ly 1a 9,08; s6 nhém ethylene oxide
trung binh trong san pham nonylphenol ethoxylate téng
hgp tir phenol tinh ché |a 9,54 trong khi s6 nhom ethylene
oxide trung binh trong san pham Tergitol™ NP-9 c6 ban
trén thi trudng la 9,14.

4.3.2. So sdnh tinh chdt héa ly ddc trung ctia sén phdm non-
ylphenol ethoxylate téng hop va Tergitol™ NP-9

Bang 11 cho thay thuc hién dugc qua trinh ethoxylate
hoéa gilra ethylene oxide va nonylphenol ethoxylate thu
dugc ti phenol trich ly nha thiét bi phan (ng ap suat cao
nhiét do cao.

- Khao sat va danh gia anh hudng ctia mot s6 yéu to
dén ty 1& san pham ethoxylate thu dugc.

- Tién hanh quy hoach thuc nghiém va t6i uu héa qua
trinh ethoxylate d€ xac dinh cac gia tri nhiét do, ap suat
va thaoi gian t6i uu clia phan Gng. Véi diéu kién nhiét doé:
130°C; 4p suat: 4,75atm va thdi gian: 7,88 gig khi do, ty |&
san pham thu dugc so vdi lugng cac chat ban dau dat gia
tri khodng 98,8%. Ty |é tuong tu cling dat dugc khi s&r dung
nonylphenol ethoxylate téng hgp ti phenol tinh ché tai
cac diéu kién t6i uu nay, cho thay quy trinh ethoxylate hoa
6 thé 4p dung cho ca phenol trich ly va phenol tinh ché.

Bdng 10. Thanh phdn cta cdc déng ddng ethoxylate c6 trong méu
nonylphenol ethoxylate téng hgp va méu Tergitol™ NP-9

Thanh Nonylphenol Nonylphenol
phan ethoxylate  ethoxylate téng Tergitol™
(% khéi ténghgptt  hgp tir phenol NP-9
lugng)  phenol trich ly tinh ché
EO-0 0,2 0,1 -
EO-1 0,5 0,2 -
EO-2 1,3 0,4 0,3
EO-3 2,6 0,7 1
EO-4 4,1 1 5,6
EO-5 6 2,4 7,2
EO-6 7,8 4,1 10,1
EO-7 9,8 6,5 11,6
EO-8 11,2 8,6 12,2
EO-9 12,2 10,3 12,5
EO-10 11,4 11,7 11,9
EO-11 10 12,5 10,3
EO-12 7,9 11,2 74
EO-13 5,6 9,1 53
EO-14 3,6 7,2 3,6
EO-15 2,4 54 09
EO-16 1,5 3,8 0,1
EO-17 0,9 2,3 -
EO-18 0,6 1,2 -
EO-19 0,3 0,7 -
EO-20 0,1 0,5 -
56 nhom EQ 9,08 9,54 8,84
trung binh
Phan b trong lwgng theo sé nhom EO
14
" —— NPEtir
12 - ',”"h i ™ phenol trich
g 1 v
g 8 ~ =i NPELir
§ 6 ph?nnl tinh
£ che
£
3 —ir— Lepr;;iml
[ L0
i] 5 10 15 20 25
56 nhém EO

Hinh 11. Phan bé trong lugng ctia cdc déng ddng ethoxylate c6
trong nonylphenol ethoxylate téng hop va Tergitol™ NP-9
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Bdng 11. Mét s6 tinh chdt héa ly ddc trung ciia sén phdm nonylphenol ethoxylate téng hop va Tergitol™ NP-9

] Phuong phap Nonylphe,nol Nonylphe’nol
Tinh chat danh gia ethoxylate tong hop ethoxylate tong hop Tergitol™ NP-9
ti phenol trich ly ti phenol tinh ché
Nonylphenol Nonylphenol Nonylphenol
Thanh phan chinh ethoxylate c6 s6 nhom ethoxylate c6 s6 nhém  ethoxylate c6 sé nhom
ethylene oxide phan = ethylene oxide phan = ethylene oxide phan
b6 tir0-20 b tir0 - 20 botu4-16
Diém doéng dac (diém chay) (°C) ASTM D0097 1 -1 -1
Do nhét dong hoc (cSt)
(nhiét do thuong) ASTM D0445 233 227 229
Ty trong (20°C) TCVN 8444:2010 1,058 1,054 1,055
Do nhét dong luc (cP)
(nhiét do thuong) ASTM D4016 253 239 241
A e Dua vao thanh
g%”t?i't‘i‘z:g g:‘nar:‘)t” phan cac chat 629,5 628,4 601,9
: trong pho GC-MS
Diém bat chay cdc kin (°C) ASTM D0093 249 244 245
D6 pH cda dung dich 1% ASTM D1293 6 6 6
S6 mol ethylene oxide trung binh 9,08 9,54 9,14
Chi s6 d6 can bang ua ky nuéc (HLB) 12,3 13,1 12,9

- Khao sét thanh phan va mot s6 tinh chat hoa ly dac
trung cda san phdm nonylphenol ethoxylate téng hop tu
phenol trich ly va phenol tinh ché thu dugc, déng thai so

Bdng 12. Chi phi cho quy trinh sén xudt mé 2 lit chdt hogt déng bé
mdt nonylphenol ethoxylate téng hop

) o . L 7 . " Pongid  Thanh tién
sanh vai sdn phdm cung loai hién dang dugc béan rong rai Hangmuc 56 lugng (d8ng) (d8ng)
trén thi trudng la Tergitol™ NP-9. 1 Hoéchat

v Lo o R ) . Dau than c6c 6 lit; - -

- Két qud danh gid tinh chat va so sanh cho thay NaOH 0,24kg; 12.000 2880
nonylphenol ethoxylate téng hgp tu phenol trich ly ¢ Acid HCI 37% 0,6lit; 5.300 3.180
thanh phan va tinh chat héa ly tuong ducong véi san phdm Toluene 0,48lit 23.000 11.040
nonylphenol ethoxylate thuong mai Tergitol™ NP-9 va san 1-Nonene 0.212kg;  32.000 6.784
pham nonylphenol ethoxylate téng hgp tur phenol tinh Acid H,50,98%  0,14lit 4.200 294

: Ethylene oxide 1,416kg 20.000 28.320

ché theo quy trinh tuong tu.

4.4. Tinh todn hiéu qud kinh té

Khi nito 20lit 10 200
2 Luong nhan céng
126.477

Chuyén vién 0,05 (d6na/ngay) 6.324
V6i cac budc thuc hién cong viéc cing véi cac diéu c1)r11g1; ;Ogsay
kién cu thé cho tling céng doan dugc thé hién nhu trén, Ky thuat vién 03 (déng/ngay) 33.362
ia thanh so bd clia 1 mé téng hop ra 2 lit chat hoat don
gia thanh sGbo 9hob At dong 3 Dién (kW) 10 1369 13.690
bé mat khéng ion nonylphenol ethoxylate dugc thé hién (dong/kw)
N 3,5
trong Bang 12. 5 .
g g 4 Nudc (l) 70 (d6ng/lit) 245
Theo nghién ciu, chi phi cho 1 mé san xuét ra 2 lit 5 Chiphikhac 2.000
Téng 108.319

nonylphenol ethoxylate téng hop ti phenol trich ly Ia
108.319 déng. Dau than céc 1a san phdm phu dugc su
dung dé tach 25% phenol, 75% dau cdc con lai st dung
lam dau dét “sach”. Gia thanh cta 1 lit nonylphenol
ethoxylate téng hgp bang 60% gia Tergitol™ NP-9 dang
dugc ban trén thi trudng (90.000 dong/lit).

5. Két luan

TU két qua nghién cu trén, nhém tac gia da trich ly
thanh céng hén hgp gém phenol, cresol va xylenol ti
dau than c6c cia Nha may Céc hoa Thai Nguyén; thuc
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hién thanh céng qua trinh alkyl hdéa va ethoxylate héa tu
phenoltrich ly va phenol tinh ché thu dugc tirdau than coc
dé tao ra chat hoat ddong bé mat khéng ion nonylphenol
ethoxylate; dé xuat dugc cac diéu kién téi uu (nhiét do, ap
suat, thaoi gian) cho cac quy trinh alkyl hoa va ethoxylate
héa phenol trich ly va phenol tinh ché tir dau than coc

Chat hoat déng bé mat khéng ion nonylphenol
ethoxylate dugc téng hop tir phenol trich ly cé tinh chat
héa ly dac trung va tinh nang tuong duong vaéi chat hoat
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déng bé mat khéng ion dugc téng hop ti phenol tinh
ché va chat hoat dong bé mat cung loai Tergitol™ NP-9
dang ban trén thi trudng. Gid thanh san xuat 1 lit chat
hoat dong bé mat khong ion nonylphenol ethoxylate ti
phenol trich ly bang 60% gia Tergitol™ NP-9 dang dugc
ban trén thij trudng.
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Study on synthesis of nonionic surfactants from recovered
phenol in Vietham for use in enhanced oil recovery
and oil well stimulation

Summary

Ta Quang Minh, Nguyen Tuan Anh, Vu An, Phan Trong Hieu
Hoang Mai Chi, Nguyen Thi Thu Hien
Vietnam Petroleum Institute

Surface active agents (Surfactants) are used the most in industries [4, 5, 7], particularly in the petroleum sector for
enhanced oil recovery [3, 8 - 11] and well stimulation with acidic emulsion [2]. Nonionic surfactants in alkylphenol
ethoxylate form can be produced from recovered phenol in local factories such as coal tar (Thai Nguyen province)
with the amount of phenol that can be recovered reaching nearly 1000 tons per year. Currently, the use of recovered
phenol from coal tar of the coke plants in Vietnam has not been economically efficient and Vietnam still has to im-
port nonionic surfactant alkylphenol ethoxylate for use in the domestic industries. In this paper, the authors present
a study on synthesis of nonionic surfactants used in enhanced oil recovery and oil well stimulation from recovered
phenol of coal tar from the coke factory in Thai Nguyen province.

Key words: Recovered phenol, coal tar, alkylphenol ethoxylate, nonionic surfactant, oil field.
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