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(54) CHE PHAM XU LY VAY CAN

(57) Sang ché dé cép toi polyme polyamin chtra Si dd duogc cai bién tinh ky nuée 13 hiru
ich dé xir Iy vay can trong cac dong xt Iy trong quy trinh cong nghi¢p. Cac polyamin chira
Si da dugc cai bién tinh ky nuéc duge uu tién 1a dic biét hiru ich dé xu Iy vay can nhom-
silicat trong cac dong xu ly trong quy trinh cong nghi€p khé xur 1y, nhu trong cac dong xu
ly san xuat nhom oxit Bayer, cac dong phé thai hat nhan va cac dong thai nghién gidy goi
hang. Sang ché ciing dé cap toi ché pham xur 1y vay cin chtra san phim phéan tng trung hop
cua polyamin, phuong phap dé 1am giam hoic loai trir vay cin va phuong phap dé xu 1y
vay cin trong dong xir 1y bang cach sir dung né.
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Linh vire ky thuat dwoc dé cap

Sang ché d& cép t6i cac polyme polyamin, ché phdm xtr Iy vay cin chira
polyme nay va phuong phap xtr ly vady cén trong cdc dong xu ly trong quy trinh
cdng nghiép. Theo cic phuong 4n duoc uu tién, sang ché dé cép t6i cac polyme
polyamin chira Si dd duoc cai bién tinh ky nuéce dic biét hitu ich dé xur 1y vay cin
chira nhom-silicat trong cac dong x ly trong quy trinh cong nghi¢p kho x ly, nhu
dong xir 1y trong quy trinh san xudt nhém oxit Bayer, dong phé thai chira hat nhén
va dong thai cia quy trinh nghién gidy goi hang. |

Tinh trang ky thuit ciia sang ché

Su hinh thanh ctia vay cin 13 mot vén dé trong nhiéu dong xtr 1y trong quy
trinh céng nghiép. Vay can 1a mot chat rin thudng sinh ra trén cac bé mit cua thiét
bi dugc tiép xuc véi dong xir Iy trong nude. Vay can thong thudng chira cac chét
liu vO co c6 do tan trong nudc twong ddi thap, bao gébm, vi du, natri nhém-silicat
da hydrat hoa khéac nhau nhu cidc nhdme-silicat vd dinh hinh (nhu hydrogen nhom-
silicat ching han), zeolit, sodalit va canerinit. Viéc loai bd vay cin bang céac
phuong phap co hoc, vi du, bang cach nao, thuong 12 khong duoc mong mubn béi
vi cic phuong phap nhu vay c6 thé 1am ting chi phi dang ké lién quan dén giai
doan tam dimng quy trinh, va c6 thé 1a khong thé thuc hién duoc khi vay cin sinh ra
trén cac bé mat ma kho vai téi caa thiét bi quy trinh.

Nhiéu phuong phéap xtr Iy hoa hc_)c da dugc nghién ctru phat trién dé loai bo
vay can va/hoic trc ché su hinh thanh ctia vay cdn trong céc dong xir 1y trong quy
trinh cong nghié€p khac nhau. Cac phuong phap xi Iy hod hoc nhu vay thuong dugc
ap dung béi viéc tron 14n hoa chét xir Iy véi dong xir 1y, nhd vay cho phép xir Iy cac
bé mit khé c6 thé véi téi va giam bét hodc loai trir thoi gian tam dimg. Cac polyme
chira Si da dugc nghién ciru phét trién trong nhitng nam gan day va dugc ap dung
cho viéc xir Iy vay can. Vi du, xem patent M¥ s 6,814,873; cac Cong bd don yéu
céu cip patent M§ s6 2005/0010008, 2004/0162406, 2006/0124553, 2004/0162406,
2004/0011744 va 2005/0274926; va Cong bd don Quéc té sé6 WO 2004/009606.

Céc tai liéu séng ché nay mo ta céc loai vay can khac nhau, cling nhu cac polyme
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chtra Si cu thé va viée sir dung chung 1am céac chit chéng bit kin trong cac dong xur
ly trong quy trinh céng nghiép nhét dinh.

Céc polyme chtra Si va cdc phuong phap st dung ching dugc mo ta & trén
thé hién wu diém dang ké trong linh vuc k§ thuat nay, nhung van chua giai quyét
mot cach hoan toan van dé v& sy hinh thanh vay cin trong cac dong xur l}’/ltrong quy
trinh cong nghiép. Cac dong x1r ly trong quy trinh cong nghiép kho xir 1y 1a dac biét
phtic tap. Vi du, c6 nhu ciu dang ké vé cac phuong phap xir 1y hoa hoc va cac
phuong phap dé lam giam va/hodc tc ché vay can trong céc dong xur Iy chita ham
luong tuong dbi cao cua sulfat, oxit sat da phéan tan & dang min (vi dy, "bun do"),
sodalit d4 phéan tdn & dang min va/hodc nitrat/nitrit da két hop.

Nhiéu polyme chtra Si da dugc nghién ciru phét trién cho cac muc dich khac,
tuy nhién chua timg c6 cai bién cu thé bét ky dé ap dung cho tinh trang k§ thuét
khong tuong duong cho viéc xir ly vay cin. Vi du, xem cic patent My sd
3,560,543; 5,354,829; 6,262,216; 6,410,675; 6,429,275; 6,486,287 va 6,743,882;
Cong bd don yéu ciu cip patent My sb 2006/0159975; patent Canada CA
2,193,155; cac tai liéu: Yang et al, Prepr. Pap.-Am. Chem. Soc, Div. Fuel Chem.
2004, 49(2), 599- 600; va Macromol. Symp. 2004, 210, 329.

Ban chit ky thuit ciia sang ché

Céc polyme chtra Si va cac phuong phap méi hién thoi dd duge nghién ctru
phat trién dé xr Iy vay cin trong cac dong xir ly trong quy trinh cong nghiép. Didu
ngac nhién da phat hién ra 1a polyme chira Si twong d6i ky nudc ¢6 thé co tinh ning
cao hon mét cach dang ké so véi cac polyme khac c6 tinh ky nuge thap hon.

Theo mét phuong an, sing ché dé xuét ché phdm xir Iy vay cin chta san
pham phan tmg tring hop cua:

polyamin,

hop chét chira nito hoat tinh thir nhét, va

hop chét chira nito hoat tinh tht hai,
trong do:

polyamin bao gém don vi ¢6 cong thirc -(CH,),-NR?-, trong d6 r 12 mot sb
nguyén nam trong khoang tir 1 t6i 20, va R*1a H, C;-Cypalkyl tury v duogc thé, Ce-
Cyparyl tuy v dugc thé, C7-Cyparalkyl tuy y duogc thé, hoac C,-Cypalkenyl tuy y

dugc thé;
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hop chét chira nito hoat tinh thit nhét chita nhém -Si(OR); va nhém chira nito hoat
tinh, trong d6 R 1a H, C;-Cygalkyl tiy ¥ dugc thé, Ce-Cyparyl tily v duge thé, C;-
Cyp aralkyl tuy y dugce thé, C,-Cy alkenyl tuy y dugc thé, ion kim loai Nhém I, ion
kim loai Nhém II, hoic NR',, trong d6 mdi R'déc lap dugc chon tir H, C;-
Cypalkyl thy ¥ duge thé, Cs-Cyparyl tiy ¥ duoc thé, C;-Cy aralkyl tiy v duge thé,
va C,-Cyg alkenyl tuy y dugce thé;

hop chét chira nito hoat tinh thir hai 1a 2-etylhexyl glyxidyl ete; va

it nh4t mot trong s6 polyamin va hop chit chira nito hoat tinh thir hai chira
gbc hydrocarbyl tiy y dugc thé c6 sb luong nguyén tir cacbon nam trong khoang 2
t6i 40.

Theo mdt phuong 4n duge uu tién cua sang ché, san pham phan ng tring
hop nay bao gém don vi lip lai c6 cong thire (I) va don vi 1ap lai c6 cong thire (I1):
) e
A A2
éi(OR")e A
4)) , (I

—

trong do:

mdi T va E doc 14p 1a gbc hydrocarbyl tily ¥ duge thé thit nhét c6 s6 nguyén
ttr cacbon nim trong khoéng tir 2 t&i 40;

Q 12 H hoidc gdc hydrocarbyl tity v duoc thé thir hai ¢é s6 nguyén tir cacbon
nam trong khoang tir 1 t&i 20;

mdi A! va A? doc lap 1a lién Kkét truc tiép hodc nhém ndi hitu co co sb
nguyén tir cacbon nam trong khoang tir 1 t&i 20;

R” = H, C;-Cy alkyl tily ¥ duoc thé, C¢-Cy, aryl tiy v duge thé, C;-Cy
aralkyl tily y duoc thé, C,-C, alkenyl tity ¥ dugc thé, ion kim loai Nhém I, ion kim
loai Nhém 11, hodc NR14, trong d6 mdi R! doc 1ap dugc chon tir H, C;-Cyq alkyl tuy
y dugc thé, Cs-Cpy aryl tuy y duoc thé, C7-Cy aralkyl tuy y dugc thé, va Cy-Cy
alkenyl tity y duoc thé; va

polyme nay trong lugng phén tir trung binh khéi it nhat khoang 500;

v6i didu kién thtr nhét 1 khi A%-Q 14 H, thi it nhit mét trong s6 T va E c6 4

nguyén tir cacbon hodc hon;
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v6i diéu kién thtr hai 1a khi A>-Q khéng 13 H, thi it nhit mot trong s& T va E
¢0 2 nguyén tir cacbon hodc hon;

v6i diéu kién thir ba 1a Q khong chira nhém Si(OR”>)s;

v6i diéu kién thir tu 1a A% khong 1a -C(=0)-alkyl chua dugc thé; va

v6i diéu kién thtr nam 14 khi Q 1a OH hoic NH,, thi A' va A? khong ddng
thoi 1a alkylen.

Theo modt phuong 4n dugc wu tién khic cla sang ché, san phdm phan tmg
triing hop nay c6 trong lugng phén tir trung binh khéi it nhét 1a 500.

Theo mot phuong 4n duge wu tién khac ciia sang ché, hop chit chira nito
hoat tinh thir nhét 12 glyxidoxypropyl trimetoxysilan.

Cé4c phuong 4n nhu vy va cac phuong an khac duoc mé ta mdt cach chi tiét
hon duéi day.

M@ ta chi tiét sang ché

Céc thuat ngit nhu "viéc xir Iy" va "xtr Iy", trong phin md ta cac phuong
phép xtr 1y vay cin, 13 cac thuat ngit phd bién dugc sir dung trong ban mé ta véi ¥
nghia thong thudong cia ching di biét 15 dbi v6i ngudi ¢6 hiéu biét trung binh trong
linh vuc k¥ thuat nay, va do viy bao gdém cac phwong phap din dén su wc ché
va’/hodc ngén ngua su hinh thanh vay cédn, cling nhu lam giam, loai bo va/hoic loai
trr vay cdn c6 mat.

Thuéat ngit "vay cén" 1a mot thuat ngr khai quat thuong duge st dung trong
ban mb ta v6i ¥ nghia thong thuong cta nd da biét rd dbi véi ngudi c6 hidu biét
trung binh trong linh vuc k¥ thuét ndy, va do vdy bao gém céc cin ling v6 co chu
yéu hodc nguyén sinh khac nhau tao ra trén cac bé mat cia thiét bj duoc tiép xuc
véi cac dong xir Iy trong quy trinh cong nghiép. Céc vi du vé vay cin bao gdm céc
chit liéu natri nhom-silicat da hydrat hod nhu nhom-silicat vd dinh hinh (vi du
nhom-silicat hydrogen), cc zeolit, cac sodalit va c4c canerinit.

Céc thuat ngit dugc sir dung & day dé mé ta cac chét liéu hoa hoc, nhu " chét
chéng bit kin", "chét trc ché vay can", "phu gia khir vay cén", v.v., 1a cac thuat ngir
phd bién duge str dung trong ban mé ta v&i ¥ nghia thong thudng cia chung da biét
15 d6i véi ngudi c6 hiéu biét trung binh trong linh vuc k§ thuét nay va do vy bao

gbm cac chét liéu hoa hoc (nhu céc cac polyme) hiru ich dé xir 1y vay can.
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Thuat ngit "polyme" 1a mot thuat ngir phd bién duge sir dung trong ban mo
t4 voi y nghia thong thudng cta né da biét ré dbi véi nguoi co hiéu biét trung binh
trong linh vuc k§ thuat nay, va do vdy bao gém céc copolyme. Su vién din trong
ban md ta t6i trong lugng phén tir cia polyme duoc hiéu 1 sy vién dan tdi trong
lwong phan tir trung binh khéi khi do dugc bang phép sic ky loai trir kich ¢& (phép
do tan xa anh sang). Theo cac phuong &n khac nhau, polyme chtra Si (bao gbm,
dugc dua ra lam vi dy, polyme P1 dugc md ta trong bdn mo ta) co thé co trong
lwong phan tir it nhit khoang 500, it nh4t khoang 1000, it nhit khoang 2000, hoic it
nhét khoang 5000. Theo mét s phuong 4n, cac trohg lwong phén tir thdp hon hoic
cao hon 1 duoc wu tién. Mic di mot s6 polyme c6 thé duoc chi trong ban mo ta 1a
"d& duoc cai bién tinh ky nuéc", song cin phai hiéu rang thuat ngit nay duoc sir
dung chi dé thuén tién, va cac polyme nhu vay khong chi giéi han & céc polyme
duoc tao ra bdi su cai bién ky nudc polyme c6 tur trude.

Céc thuét ngit "hydrocarbon" va "hydrocarbyl" 1a cac thudt ngit phd bién
dugc sit dung trong ban md ta voi ¥ nghia thong thuong cia ching da biét 15 dbi
v6i ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuit ndy, va do viy bao gdm
cac gbe hodc cac hop chét hiru co chi bao gdm cac nguyén t6 cacbon va hydro. Céc
gbc nay bao gdm céac gbe alkyl, alkylen, alkenyl, alkynyl, va aryl. Céc gbc nay
cling bao gdm cac gdc alkyl, alkenyl, alkynyl, va aryl duoc thé bang cac nhom
hydrocarbon vong hodc béo khac, nhu alkaryl, alkenaryl va alkynaryl. Trir khi c6
chi din khéac duge chi ra cu thé, thi cac gbc nay tét hon 1a gdm tir 1 t6i 40 nguyén
tir cacbon. Céc gbe hydrocarbyl c6 thé dugc thé bang cac nhém khac nhau khong
chi gébm c4c nguyén t6 cacbon va hydro, va do vy gbc hydrocarbyl duge thé c6 thé
chtra mot hodc nhidu nguyén tir khac loai nhur oxy va/hodc nito.

Thuét ngit "duoc thé", khi dugc di kém véi thuat ngit "ty ¥" hodc khong, 13
mot thuat ngit phd bién duge st dung trong ban md ta véi y nghia thong thudng ciia
né da biét rd dbi v6i ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat nay. Do
vay, thudt ngit "dugc thé" bao gém su thay thé mét hodc nhiéu géc hydro trong mat
cAu tric nhét dinh bing mdt hodc nhidu nhém phan tir thay thé, chiing c6 thé 1a
phén tir thay thé hitu co ¢6 thé ding dugc bat ky ciia cAu tric nhat dinh nay. Céc vi
du v& phén tir thay thé c6 thé chip nhan dugc cho mét ciu tric nhit dinh bao gbm

hydroxy; Ci.19 alkyl; Cy_19 alkenyl; alyl; halogen; Cy.o haloalkyl; Cy.;¢ alkoxy;

-6-
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hydroxy Cy.j9 alkyl; carboxy; Cy.o carboalkoxy (con dugc goi la alkoxycarbonyl);
C,.10 carboxyalkoxy; Cy.19 carboxamido (con dugc goi 1a alkylaminocarbonyl); .
xyano; formyl; C;.;¢ axyl; nitro; amino; Cy.;q alkylamino; C;.; dialkylamino;
anilino; mercapto; Cy_jg alkylthio; sulfoxit; sulfon; C;_1o axylamino; amidino;
phenyl; benzyl; heteroaryl; di vong; phenoxy; benzoyl; benzoyl duoc thé bang
amino, hydroxy, metoxy, metyl hodc halo; benzyloxy va heteroaryloxy. Khi nhom
ma n6 dugc thé ¢ chira doan alkyl, thi hai nguyén tir hydro trén ciing mét nguyén
tir cacbon c6 thé duge thé bing mot phan tir thay thé duy nhét lién két kép véi
nguyén tir cacbon, nhu oxo (=0) ching han.

Céc ché phim khac nhau duoc md ta trong ban mé ta, bao gdm cac polyme
va cac san pham phan mg tring hop, cing véi cac phuong phap khac nhau dé st
dung céc ché pham nhu vay. Pidu duoc hidu 15 boi ngudi c¢6 hiéu biét trung binh
trong linh vuc k¥ thuit nay d6 1a cdc hdn hgp khac nhau duoc md ta trong ban mé
ta c6 thé dugc str dung theo phuon phép bét ky trong sb cac phuong phap da duoc
mo ta va cac phuong phéap dd dugc md ta c6 thé 4p dung cho ché phdm bt ky trong
s6 cac ché pham duoc md ta. Do vay, can phai hiéu ring sang ché dugc mé ta trong
ban mo ta khéng chi gi6i han & phan mé ta cac phuong an cu thé.

Céc ché pham va cac phuong phap tao ra ching

Theo mdt phwong 4n, sang ché @& xudt polyme bao gém don vi 1ap lai c6

cong thire (I) va don vi lap lai c6 cong thac (1I):
+T—T+ e
Al A2

Si(OR")3 Q

ity (ID
trong do:
mdi T va E doc 1ap 1a gbc hydrocarbyl tiy v duoc thé thir nhit c6 sb nguyén ti
cacbon nam trong khoang tir 2 t6i 40;
Q 1a H hoic gdc hydrocarbyl tity ¥ dugc thé thir hai ¢6 sb nguyén tir cacbon ndm
trong khoang tir 1 t6i 20;
mbi A' va A% doc 1ap 1a lién két truc tiép hodc nhém ndi hitu co ¢6 sb nguyén tu

cacbon nam trong khoang tir 1 t&i 20; va
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R” = H, C;-Cy alkyl tuy y dugc thé, Ce-Cy aryl tuy y dugc thé, C-Cyy aralkyl tuy
y dugc thé, C,-Cyy alkenyl tuy v duoc thé, ion kim loai Nhém I, ion kim loai Nhém
11, hodc NR'4, trong d6 mdi R' doc 1ap duoc chon tir H, C;-Cy alkyl tity ¥ dugc thé,
Ce-Cyy aryl tuy y dugc thé, C;-Cyg aralkyl tuy y dugc thé, va Cy-Cyg alkenyl tuy y
duoc thé.

Thuat ngit "polyme P1" ¢6 thé duoc st dung trong ban md ta dé chi céc
polyme bao gém don vi lap lai c6 cong thirc (I) va don vi lap lai c6 cong thie (II).
Theo mot phuong an, polyme P1 bao gdm don vi lip lai cé cong thirc (I) trong d6
R" 14 ion kim loai Nhém I (vi du Na), ion kim loai Nhém (II) (nhu K chang han)
va/hodc NR'; (nhw amoni ching han). Theo cac phuong an khéc nhau, polyme P1
¢6 thé con dugc md ta 1a chiu méot hodc nhiéu rang budc sau: diéu kién thir nhat 1a
khi AZ-Q 12 H, thi it nhat mot trong s6 TvaE co4 nguyén tir cacbon hodc hon; diéu
kién thtr hai 1 khi A*-Q khong 12 H, thi it nhat mot trong s6 T va E ¢6 2 nguyén tir
cacbon hoic hon; diéu kién thi ba 1a Q khong chira nhém Si(OR™)s; diéu kién thu
tu 1a A? khong 1a -C(=0)-alkyl chua dugc thé; va/hoic dilu kién tha nam 1a khi Q
1a OH hodc NH,, thi A" va A? khong ddng thoi 1a alkylen. Cin phai hiéu ring
polyme P1 c6 thé chira ca cac don vi lap lai khac. Vi du, theo mot phuong 4n,
polyme bao gébm don vi lap lai ¢6 cong thirc (I) va don vi lap lai c6 cong thirc (IT)
con bao gdm don vi lap lai c¢6 cong thic -((CH,),-NH)-, trong d6 n 1a mét sb
nguyén nam trong khoang tir 2 t¢i 10. Ham luong ctia don vi lip lai trong polyme
P1 c6 thé thay dbi trong mot khoang rong. Vi du, theo mét phwong 4n, polyfne P1
chira it nhat khoang 0,1%mol, t5t hon 1a it nhét khoang 1%mol don vi ldp lai c6
cong thue (I) va it nhit khoang 0,1%mol, t&t hon 1a it nhit khoang 1%mol don vi
13p lai c¢6 cong thie (II), tinh theo tdng sé mol don vi lap lai trong polyme P1.

Nhu néu trén, don vi ldp lai c6 cac cong thirc (I) va (II) trong polyme P1 bao
gbm A' va A% ca hai nhom nay ddc lap v6i nhau 1a lién két truc tiép hodc nhém ndi
hitu co c6 sb nguyén tir cacbon nim trong khoang tir 1 téi 20. Cac vi du vé cac
nhém néi hiru co thich hop bao gdm céc nhém trong d6 mdi Al va A% doc 1ap duoc
thé hién bang - A>-A*-A’-A’-, trong d6:

A =lién két truc tiép, NR’ hoidc O, trong d6 R’ 1a H hoac C,_; alkyl;
A* = lién két truc tiép, C=0, C;-Cyo alkylen tuy ¥ dugc thé, hoic C4-Cy, aryl tuy v

duoc thé;
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A’ = lién két truc tiép, O, NR’’’, amit, uretan hodc ure, trong d6 R’’’ 1a H hoac C;3
-alkyl; va

A® = lién két truc tiép, O, C;-Cyy alkyl tity v duoc thé, C,-Cyg alkenyl tiy ¥ dugc
thé hoic C;-Csy aralkyl tuy y dugc thé.

Céc vi du v& cac nhém néi hitu co A’ va A% bao gdm -CH(OH)-CH,-, -CH,-
CH(OH)-, -CH(OH)-CH,-0O-, -CH,-CH(OH)-O-, -CH,-CH(OH)-CH,-O-, -C(=0)-
CH(CO;M)-, -C(=0)-CH(CH,CO,M)- va -C(=0)-CH,-CH(CO,M)-, trong d6 M 1a
H, cation kim loai nhu Na, cation amoni nhu tetraalkylamoni hodac NH,, hodac nhom
hiru co nhu Ci-Cy alkyl tity v duge thé, Ce-C, aryl ty y dugc thé, C;-Cy aralkyl
tiy y duge thé, hoic C,-Cy alkenyl tuy ¥ duge thé. Theo mét phwong 4n dugce uu
tién, it nhat mot trong cac nhém nbi hitu co A' va A? 13 -CH,-CH(OH)-CH,-O-.

Nguoi ¢6 hiéu biét trung binh trong linh vuc sé& thira nhan rang tinh ky nuéc
c6 thé dugc két hop theo nhidu cach khac nhau vao polyme P1. Theo mot phuong
an, it nhat mot trong sb cac gbe hydrocarbyl thir nhét va tha hai T, E va Q 1a C;-Cyy
alkyl tiry y duoc thé, C-Cy, aryl tiy v duoc thé, C;-Cy aralkyl tiy y duge thé, hodc
C,-Cy alkenyl tity v duoe thé. Vi du, theo mot sé phuong an, it nhit mot trong sb
cac gdc hydrocarbyl thir nhit T va E dugc chon tir -(CH,),- va hydroxypropylen,
nhu -CH,-CH(OH)-CH,- chéng han. Tét hon, néu Q dugc chon tir propyl, butyl,
pentyl, hexyl, 2-etylhexyl, octyl, dexyl, C;-C,, alkylphenyl (vi du cresyl,
nonylphenyl), xetyl, octenyl, va octadexyl. Theo mdt s6 phuong an, Q duoc chon
tir butyl, 2-etylhexyl, phenyl, cresyl, nonylphenyl, xetyl, octenyl, va octadexyl. Khi
A’-Q 12 H, thi t&t hon néu mdi T va E doc 14p duge chon tir C,-Cg alkylen tuy y
duoc thé, isophoron va hydroxypropylen.

Theo mot phuong 4n khac, sang ché d& xuit ché phim chira san phim phan
g tring hop cla it nhat 14 mot polyamin, hop chit chira nito hoat tinh tht nhAt,
va hop chét chira nito hoat tinh tht hai, sin phdm phan tng tring hop nay c6 trong
lwong phéan tir trung binh khéi it nhat khoang 500, trong d6:
hop chit chtra nito hoat tinh thir nhit chita nhém -Si(OR’’); va nhém chta nito
hoat tinh, trong d6 R” = H, C;-C, alkyl tuy y dugc thé, Ce-Cyy aryl tuy y dugc thé,
C;-Cy aralkyl tuy y dugc thé, C,-Cy alkenyl tuy y dugc thé, ion kim loai Nhém 1,
ion kim loai Nhém II, hoac NR14, mdi R! doc lap duoc chon tir H, Ci-Cyq alkyl tuy
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y dugc thé, Ce-Cyy aryl tuy y duoc thé, C;-Cyg aralkyl tuy y dugc thé, va C,-Cyy
alkenyl tuy y duoc thé;

hop chét chira nito hoat tinh thtr hai chira nhém chta nito hoat tinh va khong chira
nhom Si(OR’%);; va

it nhat mot trong sd polyamin va hop chit chira nito hoat tinh tht hai chira gbc
hydrocarbyl tiy y duge thé c6 s6 nguyén tir cacbon nim trong khoang tir 2 téi 40.

Thuét ngir "PRP1" ¢6 thé duoc sir dung trong ban mo ta dé chi san pham
phan tng trung hop nhu vay. Céc polyamin khéc nhau c6 thé dugc st dung dé tao
ra PRP1. Vi du, theo mot phuong 4n, polyamin bao gdbm don vi 1ap lai c6 cong thirc
-(CH,),-NR’>>*)-, trong d6 R 12 mét s6 nguyén nam trong khoang tir 1 t6i 20 va
R’>>’ 1a H, C;-Cyp alkyl tiy ¥ duogc thé, C¢-Cy, aryl tity ¥ durgc thé, C;-C,y aralkyl
ty ¥ duoc thé, hodc C,-C,y alkenyl tity ¥ duoc thé. Theo mdt phuong 4n khAc,
polyamin chira nhém (NR%)-J-(NR?,), trong d6 J 14 doan hydrocarbyl tly y duoc
thé ¢6 sb nguyén tir cacbon nam trong khoang tir 2 t6i 40; va mdi R* doc lap 1a H,
C,.g alkyl tuy y dugc thé, hoic Cq.1o aryl tiy v duoc thé. Tét hon 13, doan
hydrocarbyl J 12 nhom Cs-Cy alkyl tity ¥ dugc thé, C5-Cyg alkenyl tity ¥ dugc thé
hodc C;-Cy aryl tuy y dugc thé. Tét hon 13, polyamin la C¢-Cyg diamin béo. Céac vi
du v& cac polyamin thich hgp bao gdm polyetylenimin, trietylentetramin, 1,2-
diaminoetan, 1,3-diaminopropan, 1,4-diaminobutan, 1,5-diaminopentan, 1,5-
diaminohexan, 1,8- diaminooctan, diaminoisophoron, aminoanilin, va
aminometylbenzylamin.

Céc hop chit c6 hoat tinh phan @ng nito chira Si khac nhau c6 thé duoc sir
dung dé tao ra PRP1. Cac hop chét c¢6 hoat tinh phan tmg nito chtra Si thich hop
chtra nhoém chtra nito hoat tinh, dugc dua ra lam vi du, chira cdc nhém chire
halogenua, sulfat, epoxit, isoxyanat, anhydrit, axit carboxylic, va/hodc axit clorua
duoc tao cAu hinh mdt cach thich hop. Céc vi du vé c4c nhoém chtra nito hoat tinh
thich hop bao gdm alkyl halogenua (vi du, cloropropyl, brometyl, clometyl, va
bromundexyl), epoxy (vi du, glyxidoxypropyl, 1,2-epoxyamyl, 1,2-epoxydexyl
hodc 3,4-epoxyxyclohexyletyl), isoxyanat (vi du isoxyanatopropyl hodc
isoxyanatometyl phan tng dé tao ra lién két ure), anhydrit (vi du, malonic anhydrit,
sucxinic anhydrit) va su két hop ctia cic nhém ndy, duge dua ra lam vi du 1a sy két

hgp ciia nhom hydroxyl va halogenua, nhu 3-clo-2-hydroxypropyl.
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Trietoxysilylpropylsucxinic anhydrit, glyxidoxypropyl trimetoxysilan va
cloropropyl trimetoxysilan 1a cac vi du cho c4c hop chét c6 hoat tinh phan (mg nito
chtra nhém -Si(OR’’); nhém va nhém chira nito hoat tinh. Nhiéu hop chat nhu vay
12 da biét d6i voi ngudi c6 hidu biét trung binh trong linh vuc k¥ thuat nay, vi du,
xem Patent My s6 6,814,873, n6 dugc Kkét hop vao day b?mg cach vién dan va cu
thé 12 nham muc dich mé ta cac hop chét nhu vy va cac phuong phap dé két hop
chuing vao cac polyme.

Céc hop chét c6 hoat tinh phan tmg nito khac nhau chira nhém chira nito
hoat tfnh va khong chira nhém Si(OR’*); ¢6 thé dugc str dung dé tao ra PRP1. Cac
hop chét ¢6 hoat tinh phan tmg nito thich hop bao gém céc hop chét chira mot hoic
nhiéu nhém chira nito hoat tinh da duogc dé cap ¢ trén. Céc vi du khong nham gi61
han vé& céc hop chét c6 hoat tinh phan tng nito chtra nhém chira nito hoat tinh va
khéng chira nhém Si(OR’’); bao gdm céac C;-Cy alkyl halogenua (vi dy, cac clorua,
cac bromua, va céac iodua cta cac alkyl nhu metyl, etyl, propyl, butyl, pentyl, hexyl,
va octyl), cac alkenyl halogenua nhu alyl clorua, c4c aralkyl halogenua nhu benzyl
clorua, céc alkyl sulfat nhu dimetyl sulfat, cac hop chét chia it nhdt mot nhoém
epoxit (vi du cac ruou glyxidyl, cac phenol, va cac amin), va cac hop chat chira
nhom anhydrit nhu c4c alkenyl malonic anydrit va/hodc cac alkenyl sucxinic
anhydrit chang han. Cac vi du vé cac hop cht chira nito hoat tinh thir hai dugc vu
tién bao gém dimetylsulfat, clooctan, clohexan, benzyl clorua, epiclohydrin,
glyxidyl 4-nonylphenylete, butyl glyxidyl ete, 2-etylhexyl glyxidyl ete, phenyl
glyxidyl ete, C1,-Cy4 alkyl glyxidyl ete, cresyl glyxidyl ete, octenylsucxinic
anhydrit va octadexenylsucxinic anhydrit. Theo mét sb phuong 4n, hop chit chira
nito hoat tinh thir hai (chra nhém chtra nito hoat tinh va khong chira nhém
Si(OR’’);) chtra it nhit 14 hai nhém chirc ¢6 hoat tinh phan tng nito, chiing c6 thé
1a giéng nhau hoic khac nhau.

Ché phiam bao gdm PRP1 c6 thé chira polyme P1. Vi du, theo mdt phuong
an, PRP1 bao gém don vi 1ap lai ¢6 cong thirc (I) va don vi lap lai c6 cong thirc (I1),
trong 46 T, E, Q, A', A? va R ¢6 gi4 tri gibng nhu dd néu & trén. Can phai hiéu ring
céc diéu kién thr nhét, thir hai, thit ba, thtr tu va thi ndm duge mé ta & trén ddi véi
polyme P1, ¢6 thé ap dung mot minh hozc két hop cing v6i nhau, trong phan mé ta
PRP1 bao gbm polyme P1.
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Céc polyme va cac ché phdm duoc mod ta trong ban mé ta c6 thé duge tao ra
theo nhiéu cach khac nhau. Vi du, PRP1 va polyme P1 c6 thé dugc diéu ché boi
phan tng ctia cic nguyén liéu da mo ta & trén cung véi nhau dudi cac didu kién
thich hop, theo trinh tu bat ky, 1a polyamin, hop chét chta nito hoat tinh thir nhét,
va hop chit chta nito hoat tinh thtr hai. Can phai hiéu ring mdi trong s§ polyamin,
hop chét chira nito hoat tinh thit nhét, va hop chit chita nito hoat tinh thir hai c6 thé
chira hdn hop ciia cac hop chét cu thé. Ngudi c6 hiéu biét trung binh trong linh vuc
ky thudt ndy c6 thé xac dinh cac diéu kién phan tng thich hop va diéu ché cac
polyme nam trong pham vi réng va cac ché phdm (vi du PRP1 va polyme P1), béng
cach 4p dung thuc nghiém théng thudng da dugce huéng dan béi cac thong tin dugc
dé xuét trong ban md ta.

Theo phuong 4n thir nhét ctia phwong phép tao ra PRP1 va polyme P1,
polyamin khung xuong (nhu polyetylenimin ching han), thong thudng c6 trong
lwong phan tir tuong ddi cao (so véi monome amin da chirc duoc mé ta dudi day),
duogc tao chirc bang cach cho phan tmg véi hop chit chira nito hoat tinh thir nhét
(nham két hop cac nhém - Si(OR’’)3), va hop chét chtra nito hoat tinh thér hai
(nham két hop hodc 1am tang tinh ky nudc). Trong nhidu trudng hop, tong do dai
cta polyamin khung xuwong khong dugc ting 1é€n, méc du trong lugng phén tr cla
polyamin duoc ting 1én bsi viée gin nhom chira Si va nhom ky nuée khéng chia
Si. Trong lugng phan ti ciing c¢6 thé duogc ting 1én bdi viée tao lién két ngang.
Trong nhiéu trudng hop, phan tmg khéng mang ban chét tring hop, ma thay vao d6
1a su tao chic poiyme (ciing véi su tao lién két ngang c6 thé xay ra). San phim cua
phan tmg nhu vy (n6 c6 thé 1a PRP1 hoic Pl) ¢6 thé duoc nhic dén trong ban md
ta dudi dang polyamin di dugc cai bién tinh ky nuée da silan hoa. Cac vi du 1-6 &
du6i minh hoa cac phuong phap tao ra cac polyme theo phuong an thir nhat nay.

Theo phuong 4n thir hai cia phuong phép tao ra PRP1 va polyme PI,
monome hodc oligome polyamin c6 trong luong phan tir twong d6i thdp (vi du,
monome amin da chirc nhu trietylentetramin) duoc cho phan tmg véi hop chét chira
nito hoat tinh tht nhit va hop chét chira nito hoat tinh thir hai. Theo phuong 4n thir
hai nay, it nhat mot trong s6 hop chét chira nito hoat tinh thtr nhét va hop chét chua
nito hoat tinh thi hai c6 chta it nhit hai nhém chitc ¢6 hoat tinh phén Ung nito, va

su tao thanh cudi ciing cta polyme thu dugc ¢6 thé dugce xem 1a bao gbm su tring
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hop ngung tu giita polyamin va (cac) hop chit chira nito hoat tinh thir nhat va/hodc
th hai, cing v6i su tao lién két ngang c6 thé xay ra. Cac vi du 7-15 & dudi minh
hoa cac phuong phap tao ra cac polyme theo phuong an tha hai nay.

Céc phuong phap xt ly vay can

Cac polyme va cac ché phdm dugc mé ta trong ban md ta (vi du PRP1 va
polyme P1, bao gdm tit ca cac phuong 4n dugc md ta trong ban mé ta) 1a hitu ich
dé xur Iy vay cin (vi du vay cin nhém-silicat) trong cac dong xir Iy trong quy trinh
cong nghiép khac nhau, vi du cac dong xir Iy Bayer, nudc ndi hoi, dong xir Iy chét
thai hat nhén, dong xtr ly ché tao gidy. Cac phuong phap dé xir Iy vay cin c6 thé 1a
duge tién hanh bang cach tron 13n polyme véi dong xir Iy véi luong du hiéu qua dé
lam gidm hodc loai trr vay cén. Theo cac phuong 4n dugc uu tién, cdc phuong
phép nhu vay tao ra mdt cach bét ngd su cai tién dang ké trong viéc khir vay cén.
Theo mét phuong an, sang ché d& xuit phufcmg phép dé 1am giam hoic loai trir vay
cin trong quy trinh céng nghiép, bao gdbm budc bd sung polyme va/hoic ché phdm
nhu dugc dé xuét trong ban mé ta vao quy trinh, t6t hon 14 v6i lugng du hiéu qua
dé 1am giam hodc loai trir vay cin. Thong thuong, ham lugng polyme va/hodc ché
phém da hiéu qua dé 1am giam hodc loai trir vay cdn (vi du, vay cdn nhom-silicat)
trong dong xir Iy 12 nam trong khoang tir Ippm t&i 500ppm, tinh theo khéi lugng
dong xir 1y, mic du trong mot s6 trudng hop cac lugng nhod hon hodc 16n hon ¢ thé
13 ¢6 hiéu qua. Nguoi ¢6 hiéu biét trung binh trong linh vuc k§ thuit nay c6 thé xac
dinh cac lwong hitu hiéu ctia polyme va/hozc ché phidm cho mét dong hoi quy trinh
cu thé, bang cach 4p dung thuc- nghiém thong thuong da duoc huéng din béi cac
thong tin duoc dé xuét trong ban mé ta.

Theo céc phu'o*ng an dugc wu tién, cic polyme va/hodc cic ché phdm dic
biét hitu ich @ xir Iy vay cin nhom-silicat trong céc dong xir Iy trong quy trinh
cong nghiép khé xir 1y, nhu nhu trong quy trinh san xuit nhdm oxit Bayer, cac
dong phé thai hat nhan va cac dong thai nghién gidy goi hang. Theo mdt phuong
an, sang ché dé xuét phuong phép dé xir Iy vay cin trong dong xir Iy kho xir 1y, bao
gdm budc trc}ri 14n polyme véi dong xtr Iy v&i lugng da hidu qua dé 1am giam hodc
loai trir vay cin nhém-silicat trong dong xir Iy. Ngudi c¢6 hiéu biét trung binh trong
linh vuc k¥ thudt nay déu quen thudc vai cac dong xir 1y kho xir 1y, chiing ¢6 thé ¢

mot hodc nhidu dic tinh bit ky hodc & dang két hop trong sé: ham luong sulfat it
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nhét khoang 1 g/L, ham luong oxit sit di phén tian ¢ dang min it nhit khoang
20mg/L, ham lugng sodalit da phan tan & dang min it nhat khoang 20mg/L, va/hoic
ndng do nitrat/nitrit da két hop it nhat khoang 0,5mol.

Vi du thue hién sang ché

Phuong phap thir nghiém A: dich 1éng khé xit Iy dugc diéu ché va dugc sir
dung dé thir nghiém cac polyme dugc md ta trong cac vi du & dudi. Dich 16ng khé
xtr Iy dugc tao ra bang cach bd sung 12mL dung dich natri silicat (27,7g/L dung
dich natri silicat chira 28,9% Si0O,) vao 108mL dung dich natri aluminat chira natri
aluminat, hydroxit natri du, natri cacbonat, va natri sulfat. Sau khi tron, dung dich
nay c6 chtra 0,8g/L SiO,, 45g/L. Al,O3, 150g/L. NaOH, 60g/L Na,COs, va 20g/L
Na,SO,. Cac phan phan udc cta dung dich nay duge cho vao cic lo polyetylen loai
125mL. Polyme dugc md ta trong cic vi du & dudi ciing duge bd sung vao lo (ndi
chung, polyme dugc bd sung dudi dang dung dich chira 0,1-10% chét phan tng
hoat tinh); cac miu tring (d6i chung) ciing duge didu ché ma khong c6 polyme.
Cac lo d3 day kin nay duoc gia nhiét cing véi khudy & 100°C trong 18 + 2 gio. O
thoi diém két thuc 18 gid, cac lo nay duge md va dung dich dugce loc. Khi khong ¢o
chét phu gia polyme trong hé théng (cac thir nghiém trang), thi nhém-silicat dang
ké duoc tao ra va duoc thu hdi trén gidy loc. Tong nhom-silicat da két tia trong céac
tht nghiém trong thuong 1a khoang 200mg. Trong céac vi du & dudi, lugng nhom-
silicat da két tiia 1a mét s& do vé hoat tinh chdng cin va dugc biéu hién theo phan
tram nhom-silicat da dugc tao thanh trong cac thir nghiém tring twong ung 1a mot
phén cta tap hop thir nghiém nhu nhau. Céc l_(ét qua thu duoc bang cach st dung
cac polyme ding dé so sanh duoc danh ddu "*" trong cac Bang & dudi.

Dich 16ng kho xir Iy nay chira cac ham luong tuong ddi cao cua sulfat va
cacbonat va dugc xem la khé xtr Iy hon so v6i dich 1ong dugc mo ta trong Patent
My s6 6,814,873, va do vay dai dién cho mot dich 16ng Bayer kho xur ly. Duy nhét
khoang 150mg chit két tia duoc tao ra trong cac thir nghiém tring véi dich long
dugc mé ta trong Patent M§ s6 6,814,873, trai lai mot lugng 16n hon (théng thudng
khoang 200 mg) chét két tia tao ra trong cac thir nghiém tring véi dich 16ng kho xir
ly duoc sir dung dé thir nghiém céac polyme duge mo ta trong cac vi du & duéi.

Phuong phéap thir nghiém B: Phuong phap nay duoc tién hanh theo cung
cach gibng nhu Phuong phap thir nghiém A chi khac 13 150mg/L chét ran "bun do"
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dugc bd sung vao dich 16ng thir nghiém. Cac chét rin bun dé niy duoc tao ra bang
cach rira, sy va nghién chét thai bun d6 thuc té thu duoc tir thiét bi san xudt oxit
nhom Bayer.

Phuong phap thir nghiém C: Phuong phap nay dugc tién hanh theo cing
cach gibng nhu Phuong phap thir nghiém A chi khac 14 50mg/L chét rin sodalit
dugc bd sung vao dich 16ng thir nghiém va thir nghiém duoc tién hanh chi trong
bén gior thay vi 18. Céac chét rin sodalit ndy dugc tao ra bang cach cho kaolanh
phan Gng véi hydroxit natri.

Vidul

San phdm A (so sanh) duoc tao ra nhu sau: 10,00g polyetylenimin (Lupasol
WF cuia hang BASF) duoc tron véi khoang 2,19g glyxidoxypropyl trimetoxysilan
(4%mol tinh theo trong lwgng don vi lap lai PEI). Hon hop nay dugc gia nhiét &
75°C trong 16 gi d& tao ra san phdm phan tng tring hop. Sau d6, dung dich
NaOH trong nuéc (20g/L) duoc bd sung dé thuy phan cac nhém metoxysilan thanh
cac nhom -Si-ONa dé tao ra dung dich 10% cua mudi natri.

San phdm B1 (dd dugc cai bién tinh ky nudc) dugce tao ra theo cach tuong tur
nhur sau: 10,00g polyetylenimin (Lupasbl WF cua hang BASF) dugc tron véi 2,19¢g
glyxidoxypropyltrimetoxysilan (4%mol tinh theo trong lugng don vi ldp lai PEI) va
0,71g clooctan (2%mol tinh theo trong lwgng don vi ldp lai PEI). Hon hop nay
dugc gia nhiét & 75°C trong 16 gior dé tao ra san phdm phén tmg trung hop. Sau do,
dung dich NaOH trong nudc (20g/L) dugc bd sung dé tao ra dung dich 10% cua
mudi natri. |

San phém B2 (da duogc cai bién tinh ky nuéc) dugce tao ra nhu sau: 8,66g
polyetylenimin (Lupasol WF cia hang BASF) dugc tron véi 1,90g
glyxidoxypropyltrimetoxysilan (4%mol tinh theo trong lugng don vi ldp lai PEI) va
1,34 benzyl clorua (5,26%mol tinh theo trong luong don vi lap lai PEI). Hon hop
nay dugc gia nhiét & 75°C trong 16 gid dé tao ra san phdm phan tng tring hop. Sau
d6, dung dich NaOH trong nuéc (20g/L) duge bd sung dé tao ra dung dich 10% cta
mubi natri. _

Céac thir nghiém so sanh cic San pham A, Bl va B2 (Bang 1) theo Phuong
phép thir nghiém A cho thay rang cac san pham twong dbi ky nuéc B 1 va B2 tao ra
su khir dang ké ham luong sodalit d3 két tua.
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Bang 1: % sodalit da két taa

No. San pham Liéu luong

Sppm 3ppm
1A* A 19 35
1B - Bl 0,4 4,1
1C* A 12
1D B2 2,0

Vidu2

San phim C (da dugc cai bién tinh ky nuéc) duge tao ra nhu sau: 10,00g
polyetylenimin (Lupasol WF duogc ché tao béi hang BASF) dugc trdn véi 2,19g
glyxidoxypropyltrimetoxysilan (4%mol tinh theo trong lugng don vi 1ap lai PEI) va
0,64g glyxidyl 4-nonylphenylete (1%mol tinh theo trong luong don vi lap lai PEI).
Hdn hop nay duoc gia nhiét & 75°C trong 16 gid dé tao ra san phdm phan Gng tring
hop. Sau do, dung dich NaOH trong nude (20g/L) duge bd sung dé tao ra dung dich
10% ctia mudi natri.

Céc thir nghiém so sanh cac San pham A va C (Bang 2) theo Phuong phép
thir nghiém A cho thiy ring san pham ky nudc dang ké C tao ra su khir dang ké
ham luong sodalit da két taa.

Bang 2: % sodalit da két tia

No. San phdm Liéu luong

Sppm 3ppm
2A* A 12 32
2B C 0 49

Vidu3

San phdm D (so sanh) dugc tao ra nhur sau: 5,00g polyetylenimin (Lupasol
PR 8515 cta hing BASF) duoc tron véi khoang 1,1g glyxidoxypropyl
trimetoxysilan (4%mol tinh theo trong lugng don vi lip lai PEI). Hon hop nay dugc
gift & nhiét d6 trong phong trong 16 gidy, tiép d6 dugc gia nhiét & 75°C trong 4 gid
dé tao ra san pham phan tng tring hop. Sau d6, dung dich NaOH trong nuéc
(20g/L) dugc bd sung dé thuy phan cac nhém metoxysilan thanh cdc nhém -Si-ONa
& tao ra dung dich 10% ctia mubi natri.

San phdm E (da duogc cai bién tinh ky nudc) duge tao ra nhu sau: 5,00g
polyetylenimin (Lupasol PR 8515 cta hang BASF) dugc tron voi 1,10g

-16-



30561

glyxidoxypropyltrimetoxysilan (4%mol tinh theo trong lugng don vi 1dp lai PEI) va
0,64g glyxidyl 4-nonylphenylete (1%mol tinh theo trong lugng don vi ldp lai PEI).
Hdn hop nay duoc giit & nhiét d6 trong phong trong 16 gio, tiép d6 duoc gia nhiét &
75°C trong 4 gir dé tao ra san phim phan ng trung hop. Sau d6, dung dich NaOH
trong nudc (20g/L) duge bd sung dé tao ra dung dich 10% ciia mudi natri.

Céc San pham F va G dugc tao ra theo cach thirc gidng nhu San phim E, chi
khac 1a 1,61g glyxidyl 4-nonylphenylete (5%mol tinh theo trong luong don vi ldp
lai PEI) duoc st dung dé tao ra San phdm F, va 3,21g glyxidyl 4-nonylphenylete
(10%mol tinh theo trong lugng don vi 1ap lai PEI) dugc su dung dé tao ra san phém
G, thay vi luong glyxidyl 4-nonylphenylete dugc sir dung dé tao ra San pham E.

Céc thir nghiém so sanh cac San phdm D, E, F va G (Bang 3) theo Phuong
phép thir nghiém A cho thiy rang cic san phim tuong d6i ky nudc E, F va G tao ra
su khtr dang ké ham luong sodalit da két tua.

Béng 3: % sodalit da két tia

No. San phém , Liéu lugng
20ppm 10ppm Sppm 3ppm
3A* D 96 100
3B E 0,1 1,3 20 54
3C F 0 0,2 1,1 9,3
3D G 0 0 25 24
Vidu 4

San phdm H (so sanh) dugc tao ra nhu sau: 5,00g polyetylenimin (Lupasol
PR 8515 cua hang BASF) dugc tron véi khodng 0,92¢g cloropropyl trimetoxysilan
(4%mol tinh theo trong lugng don vi lap lai PEI). Hon hop nay duoc giit & nhiét do
trong phong trong 16 gid, tiép d6 duoc gia nhiét & 75°C trong 4 gid dé tao ra san
pham phan mg tring hop. Sau d6, dung dich NaOH trong nuéc (20g/L) duoc bd
sung dé thuy phan cac nhém metoxysilan thanh cic nhém -Si-ONa dé tao ra dung
dich 10% ctia mudi natri.

San phém I (dd dugc cai bién tinh ky nuéc) duge tao ra nhu sau: 5,00g
polyetylenimin (Lupasol PR 8515 ctia hang BASF) dugc tron véi 0,92¢g cloropropyl
trimetoxysilan (4%mol tinh theo trong luong don vi 13p lai PEI) va 1,46g
dimetylsulfat (10%mol tinh theo trong luong don vi lap lai PEI). Hon hop nay duoc
giit & nhiét d6 trong phong trong 16 gio, tiép d6 dugc gia nhiét.é 75°C trong 4 gio
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dé tao ra san phdm phan tng trung hop. Sau d6, dung dich NaOH trong nudc
(20g/L) dugc bd sung dé tao ra dung dich 10% ctia mudi natri.

| Céc thir nghiém so sanh cac San pham H va I (Bang 4) theo Phuong phap
* thir nghiém A cho thiy rang san phdm ky nudc déng ké I tao ra su khir dang ké ham
luong sodalit da két tia.

Bang 4: % sodalit da két tua

No. San pham Liéu lugng

100ppm 300ppm
4A%* H 80 7,9
4B | 4.3 0

Vidu5

Séﬁ pham T (so sanh) dugc tao ra nhu sau: 5,00g polyetylenimin (Lupasol
PR 8515 cia hiang BASF) duogc tron v6i khoang 1,65g glyxidoxypropyl
trimetoxysilan (6%mol tinh theo trong lwong don vi lip lai PEI). Hon hop nay duoc
gift & nhiét d6 trong phong trong 16 gid, tiép d6 duoc gia nhiét & 75°C trong 4 gidy
dé tao ra san phdm phan ung tring hgp. Sau d6, dung dich NaOH trong nuéc
(20g/L) dugc bd sung dé thuy phan cic nhém metoxysilan thanh cac nhém -Si-ONa -
dé tao ra dung dich 10% cta mubi natri.

Céac San phém K-R (da duogc cai bién tinh ky nudc) dugce tao ra nhu sau:
5,00g polyetylenimin (Lupasol PR 8515 cia hang BASF) dugc tron véi khoadng
1,65g glyxidoxypropyl trimetoxysilan (6%mol tinh theo trong lugng don vi 1ap lai
PEI) va luong hop chét chira nito hoat tinh thit hai (5%mol tinh theo trong lugng
don vi 1ap lai PEI) duoc thé hién trong Bang 5. Cac hdn hop nay duoc giit & nhiét
do trong phong trong 16 gid, tiép d6 dugc gia nhiét & 75°C trong 4 gid & tao ra céc
san phidm phan tng tring hop. Sau d6, dung dich NaOH trong nuéc (20g/L) duge
bd sung dé thuy phan cic nhém metoxysilan thanh cic nhém -Si-ONa @ tao ra
dung dich 10% ctia mubi natri.

Céc thir nghiém so sanh cac San phdm J-R (Bang 5) theo Phuong phép thir
nghiém A cho thiy ring cac san phim twong ddi ky nuéc K-R tao ra sy khir déng

ké ham lugng sodalit da két tua.
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Bang 5: % sodalit da két tia

No. San phim Hop chit chira nito hoat tinh thi hai Liéu luong
(5ppm)

SA* |] Khong 100

SB K 4-nonylphenyl glyxidyl ete 0,5

5C L butyl glyxidyl ete 83

5D M 2-etylhexyl glyxidyl ete 1,1

SE N phenyl glyxidyl ete 70

5F @) C12-Cy4 alkylglyxidyl ete 8.4

5G P cresyl glyxidyl ete 23

SH Q octenylsucxinic anhydrit 6,5

51 R octadexenylsucxinic anhydrit 86

Vidu6

San pham S (so sanh) duoc tao ra nhu sau: 10,00g polyetylenimin (Lupasol
WF cua hang BASF) dugc tron voi khodng 1,1g glyxidoxypropyl trimetoxysilan
(2%mol tinh theo trong luong don vi ldp lai PEI). Hon hop niy dugc gia nhiét &
75°C trong 5 gid dé tao ra san phim phan img tring hop. Sau d6, dung dich NaOH
trong nuée (20g/L) duoc bd sung dé thuy phan cic nhom metoxysilan thanh céc
nhém -Si-ONa d tao ra dung dich 10% ctia mudi natri.

San phém T (da duogc cai bién tinh ky nudc) duge tao ra nhu sau: 10,00g
polyetylenimin (Lupasol WF cua hang BASF) dugc tron véi 1,10g
glyxidoxypropyltrimetoxysilan (2%mol tinh theo trong lugng don vi lap lai PEI) va
0,064g glyxidyl 4-nonylphenylete (0,1%mol tinh theo trong lugng don vi lap lai
PEI). Hon hop nay dugc gia nhiét & 75°C trong 5 gior dé tao ra san phdm phan mg
trung hgp. Sau do6, dung dich NaOH trong nudc (20g/L) dugc bd sung dé tao ra
dung dich 10% cta mudi natri.

Cac San phim U va V duoc tao ra theo cach thirc gibng nhu San pham T,
chi khac 1a 0,128g glyxidyl 4-nonylphenylete (0,2%mol tinh theo trong lugng don
vi lap lai PEI) dugc s dung dé tao ra San phdm U, va 0,32g glyxidyl 4-
nonylphenylete (0,5%mol tinh theo trong lugng don vi 1dp lai PEI) dugc st dung
dé tao ra San phim V, thay vi luong glyxidyl 4-nonylphenylete dugc sir dung dé
tao ra San phim T.

Céc thir nghiém so sanh céc San phim S, T, U va V (Bang 6) theo Phuong
phép thir nghiém A cho thiy ring cac san phdm tuong d6i ky nudc E, F va G tao ra
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su khir dang ké ham lugng sodalit da két tha, va cac san phém chtira cac hamg
lugng tuong dbi thap cta nonylphenyl (NP) c6 tinh nang dugc cai thién.
Bang 6: % sodalit da két tia

No. San phim Liéu luong

10ppm Sppm 3ppm
6A* S (0) 5,0 22,6 43,5
6B T(0,1) 0,2 15,0 26,8
6C U (0,2) 0 12,7 25,4
6D V (0,5) 0 6,6 20,7

Cacvidu7-15

20,0g trietylentetramin (TETA) dugc hoa tan trong hon hgp ctia S0mL nudc
da khtr ion va 2,0g dung dich hydroxit natri 50%. Trong khi khudy, 7,8g
glyxidyloxypropyltrimetoxysilan dugc bd sung timg giot va hdn hop thu duge duoc
khudy trong mot gio. Sau d6 10,1gm epiclohydrin (Epi) duoc bd sung timg giot.
Nhiét do duge gitt & du6i 30°C bang cach lam lanh trong bé d4. Sau khi hoan tit su
téa nhiét, 14,6gm dung dich hydroxit natri 50% dugc bd sung timg giot, cing véi
lam lanh @& gitt nhiét do & dudi 30°C dé tao ra san phidm phan tmg tring hop (Vi du
7).

Céc san phdm polyme ctia cac Vi du 8-15 duoc didu ché theo cach tuong tu,
chi khac 1a: & cac Vi du 8-11 va 13, khoang mdt phan ba (tinh theo hé mol) cia
trietylentetramin duoc thay bang 1,8-diaminooctan (Vi du 8), diaminoisophoron
(Vidu9), 1,2-diaminoetan (Vi du 10), 1,3-diaminopropan (Vi du 11) hodc 1,6-
diaminohexan (Vi du 13); & Vi du 12, 20,0gm trietylentetramin d4u tién dugce cho
phan tng véi 0,2mol (tinh theo TETA va Epi) glyxidylnonylphenol (GNP) trong 5
gi&r & 80°C trude khi dugc cho phan tmg vé6i epiclohydrin, hydroxit natri va
glyxidyloxypropyltrimetoxysilan; va & cac Vi du 14 va 15, TETA 1an luot duge
thay bang N,N'-bis(3- aminopropyl)etylendiamin (BAPED) va N,N'-bis(3-
aminopropyl)-1,3-propandiamin (BAPPD). Cac ché pham ciia cac polyme thu dugc
dugc trinh bay trong Bang 7A. Céc gia tri "%mol" dugc biéu hién theo phan trim

tdng monome khung xwong (tng cac amin va epiclohydrin).
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ABéng 7A: Céc ché phim polyme

Vi | Amin Diamin S4 % sé % Sé % | Tongsd | S6 | S& | %mol
du | oligom Mol [ mol | mol | mol | mol | mol mol | mol | mol | silan
€ Tetra | Tetra | diami | diami | Epi Epi | polyme | GN | silan
min | min n n Khung P
xuong
7 TETA Khong 1 55,56 0,00 0,80 | 44,44 1,80 0,24 13,33
8 TETA 1,8-diaminooctan 0,7 3333 | 0,60 | 28,57 | 0,80 | 38,10 2,10 0,24 | 11,43
9 TETA diaminoisophoron 0,7 3333 | 0,60 | 28,57 | 0,80 [ 38,10 2,10 0,24 | 11,43
10 TETA 1,2-diaminoetan 0,7 33,33 | 0,60 | 28,57 | 0,80 | 38,10 2,10 0,24 | 11,43
11 TETA 1,3-diaminopropan 0,7 33,33 | 0,60 | 28,57 | 0,80 | 38,10 2,10 0,24 | 11,43
12 TETA khéng 1 55,56 0,00 0,80 | 44,44 1,80 0,20 | 024 | 1333
13 TETA 1.6-diamonhexan 0,7 3333 [ 0,60 | 28,57 | 0,80 | 38,10 2,10 024 | 11,43
14 BAPE khéng 1 55,56 0,00 0,80 | 44,44 1,80 024 | 13,33
D
15 BAPP khong 1 55,56 0,00 0,80 | 44,44 1,80 0,24 | 13,33
D
TETA = trietylentetramin BAPED = N,N’-Bis(3-aminopropyl)etylendiamin BAPPD = N,N’-Bis(3-aminopropyl)-1.3-
propandiamin Epi = Epiclohydrin
Vi du 12 dugc diéu ché bang 0,2 mol
GMP

Cac polyme & céc vi du 7-15 bao gdm don vi ldp lai ¢6 cong thirc (I) va don
vi 1ap lai ¢6 cong thirc (IT) trong d6 E 1a -CH,CH(OH)CH,-, A'la
CH,CH(OH)CH,-0-CH,CH,CH,-, R" 14 Na, va trong d6 A”, T va Q 1a dugc thé

hién trong Bang 7B & dudi.

Bang 7B: c4c ché phim polyme

Vidu |A’° T Q
7 khéng -(CHz)z- H
8 khong -(CH,)s- + -(CHa),- H
9 khong Isophoron 5-(1.3.3- H
trimetylxyclohexylmetyl) + -(CH,),-
10 khong -(CHy),- H
11 khong -(CHy)s- + -(CHa),- H
12 -CH,CH(OH)CH,-O- -(CH),- nonylphenyl
13 khong -(CHy)¢- + -(CHa),- H
14 khong -(CH,)3- + -(CH,),- H
15 khong -(CHy)s- H

Cac vi du 16A-N

Céc thtr nghiém so sanh céc san phdm polyme & cac Vi du 7-15 theo Phuong

phép thtr nghiém A cho thiy (Bang 8) ring tinh ky nuéc hon dang ké & cac Vi du

7-15 néi chung tao ra su khir tt hon ham luong sodalit da két tua. Déi voi cac thir

nghiém nay, mau trang khong chira polyme.
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Bang 8: % sodalit da két tua

Vidu San pham Liéu lugng
10ppm 20ppm 50ppm 300ppm
16A Vidu7 98 96 96 87
16B Vidu 8 31 2 4
16C Vidu9 80 46 31
16D Vidu7 98 98
16E Vidu 10 98 97 92
16F Vidull 99 100 97
16G Vidu 8 8 1
16H Vidu9 58 5
161 Vidu 12 66 60
16] Vidu7 99 98
16K Vidu 8 11 1
16L Vidu 13 91 52
16M Vidu 14 24 1
16N Vidu 15 2

Céc vidu 17-30

Dich 16ng tong hop khé xir Iy (dai dién cho dong chét thai hat nhan & muc

d6 cao) dugc dicu ché bang cach hoa tan cdc muodi thich hgp trong nude dé tao ra

ché pham dugc thé hién trong Bang 9.

, Béang 9
Thanh phan dich 1ong Do mol
OH 1,60
Al 0,50
Si 0,0156
NO; 1,94
NO, 1,37
CO5 0,31
C,04 0,00345
PO4” 0,016
K 0,0090
Cl 0,010
S04~ 0,028

Diy polyetylenimin da dugc cai bién tinh ky nuéc duge diéu ché theo cach
tuong tu véi cach dugec mo ta cho San phém Bl trong Vi du 1 & trén, chi khéc 1a
butyl clorua (Loai keo ky nudc: B), hexyl clorua (Loai keo ky nudc: H), hodc 4-
nonylphenyl glyxidyl ete (Loai keo ky nudc: GNP) dugc st dung thay cho
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clooctan. Cac thir nghiém duoc tién hanh so sanh tinh ning ciia cac san phim
polyme thu dugc vé6i nhau, bang cach str dung dich 1ong tdng hop khé xtr 1y duoc
mo ta trong Béang 9, theo phuong phap thir nghiém duge mo ta & trén. Cac két qua
dugc thé hién trong Bang 10 minh hoa tinh hiru ich cta cac san phim polyme nay
dé 1am giam ham luong sodalit da két tia trong dich long tdng hop kho xtr 1y nay.
Trong Bang 10, % vay cin dugc dua ra theo phan trim clia mau trang trong do

khong st dung chat tc ché vay can.

Bang 10
Vidu | % mol PEIMW |Loai keo ky |Liéuluong % VAy cin so
luong silan nuée va % mol | mg/L v6i mau tring
17 4 25k B (5%) 300 9
18 4 25k B (11%) 300 10
19 4 25k B (18%) 300 10
20 4 25k B (25%) 300 14
21 4 25k H (5%) 300 7
22 4 25k H (11%) 300 9
23 4 25k H (18%) 300 11
24 4 25k H (255%) 300 12
25% 4 1,2k Khong 300 99
26 4 1,2k GNP (2%) 300 100
27 4 1,2k GNP (5%) 300 80
28 4 1,2k GNP (10%) 300 4
29 4 1,2k GNP (15%) 300 2
30 4 25k GNP (8%) 300 25

Cécvidu 31-34

Polyme #1 duoc tao ra theo ciing cach gidng nhu San phim C trong Vi du 2,
chi khéc 13 Iugng gap hai 1dn glyxidyl 4-nonylphenyl ete (2%mol tinh theo trong
lugng don vi PEI) dugc st dung.

Polyme #2 dugc tao ra theo cling cach giéng nhu San phdm C trong Vi du 2,
chi khéc 1a glyxidyl 2-etylhexyl ete (2%mol tinh theo trong lugng don vi PEI) dugc
st dung thay cho glyxidyl 4-nonylpheny] ete.

Polyme #3 dugc tao ra theo cing cach giéng nhur San phdm C trong Vi du 2,
chi khéc 1a glyxidyl octyl/dexyl ete (2%mol tinh theo trong Iugng don vi PEI) dugc
st dung thay cho glyxidyl 4-nonylphenyl ete.

Céc thir nghiém so sanh cac San pham #1, #2 va #3 v6i San phdm A dugc
tién hanh theo cac Phuong phap thir nghiém A va C (Bang 11). Cac két qua cho

thdy riang cac polyme c6 tinh ky nuéc hon dang ké & cac Vi du 31-33 tao ra su khir
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vay cin tét hon dang ké so voi San phém it ky nuéc hon A ddi v6i ca ba loai dich

long khé xir ly.
Bang 11: % sodalit da két tia
No. San pham Phuong phap thir nghiém
. A i B
(lieu lugng Sppm) (liéu lugng Sppm)
31% A 20 46
32 Polyme #1 0 3,8
33 Polyme #2 0 0,1
34 Polyme #3 0,6 11,6

Céac vi du 35-52

Céac san pham duogc thé hién trong cac Bang 12 va 13 & dudi dugc tao ra
bing PEI nhu nhau va theo cing cach giéng nhu San pham F trong Vi du 3, chi
khac 1a nhém nonylphenyl duoc thay bang octyl/dexyl (10%mol so véi PEI) hodc
2-etylhexyl (5%mol so v6i PEI), va % mol glyxidoxypropyltrimetoxysilan so véi
PEI dugc thay dbi nhu dugc thé hién. Cac Kkét qua cda cac thtr nghiém dugc tién
hanh trén c4c polyme nay theo cdc Phuong phap thir nghiém A, B va C cho thay
rang cac polyme c6 tinh ky nu6c hon déng ké néi chung tao ra su khir vay cin tbt

hon dang ké so v6i cac polyme dbi chimg d6i v6i ca ba loai dich 16ng kho xtt ly.

Béang 8
% sodalit d3 tao ra so v6i mau tring (khéng bd sung chét phan tng)
Phuong phép thr | Phuong phap thir
nghiém A nghiém C
Liéu luong
Nhom ky nudce (silan) 4ppm | 10ppm | Sppm | 10ppm
San phdm D khéng (4% silan) 100
San pham #4 10% octyl/dexyl (4% silan) 0 4,7 3,3
San pham #5 10% octyl/dexyl (5% silan) 0 3,1 1,7
San pham #6 | 10% octyl/dexyl (6% silan) 0 2,0 1,8
San pham #7 | 10% octyl/dexyl (8% silan) 0 2.3 0,4
San phim F 5% nonylphenyl (4% silan) 0 8,2 0,2
San pham K 5% nonylphenyl (6% silan) 1,8 8,0 0,7
San pham #8 5% 2-etylhexyl (4% silan) 2,3 10,7 3,5
San phim M 5% 2-etylhexyl (6% silan) 0,6 4,2 0,9
San phAm #9 | 5% 2-etylhexyl (8% silan) 4,0 59 1,1
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Béang 9
% sodalit d3 tao ra so v6i mau tring (khong bd sung chit phan tng)
Phuong phép thtt | Phuong phéap thu
nghiém A nghiém C
Liéu luong

Nhoém ky nude (silan) 4ppm | 10ppm | Sppm | 10ppm
San phdm D khong (4% silan) 100
San pham #4 | 10% octyl/dexyl (4% silan) 0 4,7 (7.,2)
San pham #5 10% octyl/dexyl (5% silan) 0 6,4 1,2
San pham #6 | 10% octyl/dexyl (6% silan) 0 5,7 0
San pham #7 | 10% octyl/dexyl (8% silan) 0 0 0
San phiam K 5% nonylphenyl (6% silan) 1,8 0 0
San phim M 5% 2-etylhexyl (6% silan) 0,6 1,3 0
San phAm #9 | 5% 2-etylhexyl (8% silan) 4,0 5,9 1,1

Céc vi du 53-104

Céc san pham polyme dugc tao ra va duoc thir nghiém nhu duge mé ta trong

cac Vi du 1-52 & trén, chi khéac 1a cdc mudi kali cia cdc polyme dugc tao ra bang

cach thuy phan bang hydroxit kali thay cho hydroxit natri. Cac két qua twong tu da

thu duogc.

Céac vi du 105-156

Cac san phém polyme dugc tao ra va dugc thir nghiém nhu duge mo ta trong

cac Vi du 1-52 & trén, chi khac 1a cdc muodi kali cia cic polyme dugc tao ra bang

cach thuy phén bang hydroxit amoni thay cho hydroxit natri. Cac két qua twong tu

da thu duogc.
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YEU CAU BAO HO

1. Ché pham xt Iy vay cin chira san phdm phan tng tring hop cia:

polyamin,

hop chét chtra nito hoat tinh thi nhat, va

hop chét chira nito hoat tinh th hai,
trong do:

polyamin bao gdm don vi ¢6 cong thirc -(CH,),-NR*-, trong d6 r 12 mét sé
nguyén nim trong khoang tur 1 t6i 20, va R*1a H, C;-Cypalkyl tury ¥ duoc thé, Ce-
C12 aryl tuy y dugc thé, C;7-Cyparalkyl tuy y dugc thé hoic Cy-Cyg alkenyl tuy y
duoc thé;

hop chat chira nito hoat tinh thir nhat chira nhém -Si(OR); va nhém chta
nito hoat tinh, trong d6 R 1a H, C;-C,jalkyl tuy y duoc thé, Ce-Cyparyl tuy v duge
thé, C;-Cyy aralkyl tuy y duoc thé, C,-Cyp alkenyl tuy y dugc thé, ion kim loai
Nhom I, ion kim loai Nhém II hoac NR! 4, trong d6 mdi R! ddc 1ap duogc chon tur H,
Ci-Cyoalkyl tuy y dugce thé, C¢-Cpparyl tuy y dugce thé, C;-Cyparalkyl tuy y duoc
thé va C,-Cyy alkenyl tuy y duogc thé;

hop chét chira nito hoat tinh thi hai 1a 2-etylhexyl glyxidyl ete; va

it nhit mot trong s6 polyamin va hop chit chira nito hoat tinh thir hai chira
gbc hydrocarbyl tily v duge thé c6 sb lugng nguyén tir cacbon nam trong khoang 2

t61 40.

2. Ché pham theo diém 1, trong d6 san phim phan tng trung hop bao gdm don vi

c6 cong thic (I) va don vi ¢ cong thire (IT):

) +—e—
A’ /I:.z
éuoma )

(D (I
trong do:
mbi T va E doc 14p 1a gbc hydrocarbyl thtr nhit tiy y duoc thé c6 sb luong

nguyén tir cacbon nam trong khoang 2 t6i 40;
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Q 1a gbc hydrocarbyl thir hai tity ¥ duoc thé ¢6 sb luong nguyén tir cacbon
nim trong khoang tir 1 t6i 20;

mdi A'va A*doc lap 1a lién két truc tiép hodc nhom lién két hiru co c6 sb
lugng nguyén tir cacbon ndm trong khoang tir 1 t6i 20; va

R 1a H, C;-Cyalkyl tuy y dugc thé, Ce-Cparyl tuy ¥ duoc thé, C,-
Cyparalkyl tuy y duoc thé, C-Cyo alkenyl tuy y dugc thé, jon kim loai Nhém I, ion
kim loai Nhém II hoic NR'4, trong d6 mdi R' doc 14p dugc chon tir H, C;-Cy alkyl
tuy y duogc thé, Ce-Cyy aryl tuy y dugc thé, C,-Cyg aralkyl tuy y dugc thé va Cp-
Cyo alkenyl tiy ¥ duogc thé.

3. Ché pham theo diém 1, trong d6 san phdm phan tmg tring hop c¢6 trong lugng
phan tir trung binh khéi it nhét 1a 500.

4. Ché phdm theo diém 1, trong d6 hop chit chira nito hoat tinh thtr nhét 1a
glyxidoxypropyl trimetoxysilan.
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