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(57) Sang ché de cap dén viéc st dung hop chat trén co s& rugu béo phan nhanh duge chon

tir nhém bao gdm cac rugu béo c¢6 12 dén 16 nguyén tu cacbon c6 do phan nhanh tur 1 den

3, va cac alkoxylat cua ching voi d¢ etoxyl hoa t6i da 1a 3, 1am chit tuyén phu de tuyén

ndi bot ‘quang khong sulfua, két hop v6i chat tuyén chinh dugc chon tir nhom bao gdm cac

hop chét hoat dong bé mat ludng tinh va anion.
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Linh vic k§y thuit ciia sang ché

Sang ché lién quan dén viéc st dung rugu mach nhanh va/hodc alkoxylat ctia
chiing 1am chét tuyén phu ding cho tuyén ndi quing khong chtra luu huynh, dic biét
12 quiing phosphat, két hop vé6i chit tuyén chinh 1 hop chét hoat dong bé mit anion
hodc ludng tinh.

Tinh trang k§ thuit ciia sang ché

D4 phosphat chira cic khoang chat canxi phosphat phin 16n dudi dang apatit,
thuong 1a cing véi cac chit khodng khic, vi du nhu khoang silicat va khoang
cacbonat, nhu canxit. Apatit 13 tén chung ciia nhém céc chét khoang canxi phosphat
con chita céc nguyén td hodc gbc khéc, ching han nhu fluoapatit, cloapatit,
hydroxylapatit, floapatit gidu cacbonat va hydroxyapatit giau cacbonat.

Viéc tach cac chit khoang phosphat ¢6 gi tri ra khoi bun quing bang qu4 trinh
tuyén ndi da duoc biét 15, trong d6 céc khoang chit phosphat dugc lam giau trong
dong tuyén ndi.

Qué trinh tuyén ndi dat hidu qua cao 13 do két hop, mot mit 13 tach biét tdt
khoang chit dang gia ra khoi bun quing bing cach st dung chét tuyén chon loc va,
mit khéc, dic trung clia bot. Pic trung ciia bot bao gdm chiéu cao va do bén cua bot.
Diéu quan trong trong qué trinh tuyén ndi 13 bot tan cang sém cang t6t sau khi ngimg
cung cip khong khi, vi diéu nay lién quan truc tiép dén hiéu qua tuyén ndi. Bot qua
bén s& gdy ra van d& cudn theo hat va vin d& bom san phém bot. Cudn theo, dic biét
1a & qui mod 16n, s& dan dén giam tinh chon loc (mtc d§ phan loai va thu héi). Céac vin
dé& bom san phim bot s& khién quy trinh tuyén nbi khong thé thyc hién duoc v& mit k§
thuat.

Hiéu quéa cta chét tuyén c6 thé dugc cai thién bing cach sir dung céc td hop
chit tuyén gdm chit tuyén thir nhét (chinh) va chit tuyén tht hai (phu). Trong tai liéu
nay, thuat ngit “ché phdm chét tuyén” dugc ding dé chi cic ché phdm chua ca chit

tuyén thtr nhét 1n chét tuyén thi hai.
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Trong nhiéu thap ky, cic chit tuyén phu da dugc st dung cling véi cac chét
tuyén ion chinh trong tuyén ndi khodng dang mudi dé cai thién hiéu qua cua chit
tuyén chinh. Nonylphenol etoxylat 13 chat hoat dong bé mit khong ion dugc st dung
phd bién nhét véi vai trd chét tuyén phu (co-collector) két hop vé6i cac chét tuyén
chinh dang sarcosin trong tuyén ndi apatit tir quing chtra canxit.

SE 409291 d& cip dén phwong phap tuyén ndi bot khoang chit chia canxi
phosphat, trong d6 sitr dung hop chét hoat dong bé mit ludng tinh 1am chét tuyén
chinh. Kha ning tuyén ndi cta chét tuyén chinh c6 thé dugc ting thém bdi sy hién
dién ciia chét tuyén phu, 13 chit dugc mod ta 1a hop chét phan cuc, khong tan trong
nuée, ky nudc c6 4i luc v6i cac hat khoang chét da dugc phu chéit tuyén chinh. Vi du
vé cac thanh phan phan cuc 14 xa phong khong tan trong nude, nhu xa phong canxi,
san phidm cong alkylen oxit hoat dong bé mit khong tan trong nudc, hop chét
phosphat hitu co, nhu tributyl phosphat, va este cla axit cacbonic, nhu tributyl este
clia axit nitrilotriaxetic. Trong céc vi du c¢6 thé chip nhan dugc, nonylphenol da duge
cho phan ting v&i hai mol etylen oxit dugc ding 1am chét tuyén phu.

Chét tuyén phu dugc dé cap trong SE 209291 con duge xem 13 Iya chon tét khi
xir Iy quing, vi né tao didu kién dat ti 16 thu hdi quing loai P,Os xuét séc trén 30%.
Tuy nhién, do quan ngai vé méi trudng, viéc khin truong tim kiém chét thay thé
nonylphenol ethoxylat da va dang kéo dai.

EP 0270933 A2 d& xuét hdn hop dugc dung 1a chit tuyén ndi quing khong
sulfua chtra alkyl hodc alkenyl polyetylen glycol ete véi ddu cubi duge chin véi nhém
ky nuée va chit hoat dong bé mat anion. Alkyl hodc alkenyl polyetylen glycol ete véi
dau cudi dugc chin trong cac phuong an dya trén rugu béo, tdt hon 1a ruou béo C12
dén C18. Trong Vi du so sanh trong EP 0270933, rugu béo v6i dau cudi khong bi
chin duoc st dung cung v&i chét hoat dong bé mit anion. Trong EP 0270933 khong
dé cdp vi€c st dung rugu béo ¢6 mirc d§ phan nhanh tir 1 dén 3, va cac phan tt dugc
néu vi du trong tai liéu, mac du than thién v4i moi trudng hon nonylphenol etoxylat,
khong hoat dong hidu qua nhu céc nonylphenol etoxylat véi chitc ning 13 chét tuyén
dé tuyén ndi quing khong sulfua vé mit thu hdi quing & mirc cao nhu mong muédn.

Do d6, c6 nhu cdu ddi véi chét tuyén phu c6 didu kién méi truong tdt hon

nonylphenol etoxylat nhung hi€u qua ciing cao tuong tu.
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Ban chét ky thuit ciia sang ché

Muc dich ciia sang ché 13 d& xuét chét tuyén phu, hoat dong két hop vé6i chét
tuyén chinh loai ludng tinh hodc anion, d& tuyén ndi bot quing khong sulfua dé thu
c4c oxit, cacbonat, phosphat va chit khoang dang mudi khac, dic biét 1a chat khoéng
chira phosphat, trong d6 hdn hop chit tuyén rat hiéu qua trong viéc thu hdi apatit voi
su hién dién cua cac chit khoang silicat vi/hoic cacbonat, va trong d6 chét tuyén phu
c6 diéu kién moéi truong tdt hon nonylphenol etoxylat.

Diéu déng ngac nhién 1a viéc st dung cac rugu béo mach nhanh cé 12 dén 16,
t6t hon 1a 12-15, nguyén tir cacbon c6 do phan nhanh tir 1 dén 3, va c4c alkoxylat cia
ching v6i d6 etoxyl hoa ti da 1a 3, tot hon 12 tbi da 1a 2,8, t6t hon 1 dén 2,5, tét hon
nita 13 dén 2,3 va t6t nhit 13 dén 2, déng gop vao hiéu qua cao hon trong tuyén nbi bot
quing khong sulfua, v6i chit hoat dong bé mit anion hodc ludng tinh 13 chit tuyén
chinh, dic biét 1a @& tuyén ndi bot cac chét khoang chira canxi phosphat.

Céc hop chét béo mach nhanh than thién hon véi moi truong theo sang ché
hoat dong hiéu qua mdt cach dédng ngac nhién, it nhét ciing bang nonyl phenol etoxylat
13 chét tién tién nhit hién nay trong viéc thu chit khoang tir quing, va tdt hon céc hdn
hop chét tuyén c6 didu kién méi truong twong ty nhu da duge md ta trong phan tinh
trang k¥ thuat ctia sang ché.

MBS ta vin tit cac hinh vé

Fig. 1 trinh bay két qua d4nh gia d6 én dinh cta bot

Fig. 2 1 Iwu dd quy trinh tuyén ndi
M0 ta chi tiét sang ché

Sang ché lién quan dén viéc sir dung cac rugu béo mach nhénh c6 tir 12 dén 16,
t6t hon 13 12-15, nguyén tr cacbon c6 d6 phin nhanh tir 1 dén 3, va/hodc cac
alkoxylat cia chung véi d9 etoxyl hoa tdi da 14 3, tdt hon 12 t6i da dén 2,8, t&t hon nita
12 t6i da dén 2,5, tham chi tdt hon nita 13 t6i da dén 2,3 va tt nhét 13 2, 1am chét tuyén
phu cho qué trinh tuyén ndi bot quing khong sulfua, dic biét 1a d& thu hdi cac chét
khoang chira canxi phosphat, nhu apatit, két hop véi chét tuyén chinh 13 chit hoat
dong bé mit ludng tinh hodc anion. Vi du v& cac chit khoang c6 gia tri c6 thé thu hdi
bang cach st dung t6 hop céc chét tuyén chinh va phu niy bao gdm scheelit, flospar,

canxit va dolomit.
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Thuit ngit “dd phan nhanh” (DB) & d4y c6 nghia 13 téng s6 nhom metyl hién
dién trén mach alkyl hoic alkenyl ctia ruou hodc alkoxylat cia nd, trir di mét.

Cong thirc phén tir ctia céc chit tuyén phu thich hop 1a

R-0-(PO)X(EO)y(PO),H @,

trong d6 R 13 nhom alkyl hoic alkenyl c6 tir 12 dén 16, t6t hon 1a 12 dén 15,
nguyén tir cacbon, va trong d6 nhém alkyl hoic alkenyl c¢6 d6 phan nhanh tir 1 dén 3;
PO la don vi propylenoxy va EO 14 don vi etylenoxy; x 12 s6 tir 0 @én 2, tot hon 13 0, y
12 56 tir 0 dén 3, t6t hon 12 tir 0 dén 2,8, t6t hon nita 12 0 dén 2,5, tét hon nira 12 0 dén
2,3 va tot nhat 1a 0 dén 2, va z 12 56 tir 0 dén 2, t6t hon 12 0.

RO rang 1a tir cong thirc (I), ruou nhu vay, cling nhu alkoxylat cia chung, cé
thé dugc st dung 1am chét tuyén phu. San phim alkoxyl hoa theo cong thic (I) c6 thé
duoc san xuit biang cac quy trinh di dwoc biét rd trong linh vurc k§ thudt clia sang ché
bang céach cho rugu ban dau thich hop phan tng véi etylen oxit, hodic propylen oxit va
etylen oxit, v&i sy hién di€n cia chét xdc tac thich hop, vi du nhu chét xtc tic bazo
truyén thdng, nhu KOH, hoic chét duoc goi 1a chit xtc tdc pham vi hep (xem, vi du
nhu Nonionic Surfactants: Organic Chemistry in Surfactant Science Series Tép 72,
1998, trang 1-37 va 87-107, bién tdp bdi Nico M. van Os; Marcel Dekker, Inc). Néu
ca propylen oxit 14n etylen oxit déu dugc sir dung, alkoxit c6 thé duogc thém duéi dang
khéi theo thtr tu hodc duoc thém vio ngiu nhién. San phdm thu dugc tir phan tng
trong d6 chi c6 etylen oxit duoc vu tién nhét.

Chét tuyén chinh ding trong qué trinh tuyén ndi bot theo sang ché c6 thé 1a
chét hoat dong bé mit ludng tinh hodc anion. Dudi day 1a mot s6 vi du vé cong thirc
clia chét tuyén chinh, nhung cin luu ¥ ring ching dwoc xem 13 thich hop cho sang
ché, va khong c6 tinh giéi han.

Trong mét phuong 4n, chit tuyén chinh ding cho qua trinh tuyén ndi bot c6

cong thure (I1)

Ry
N |
R/ A N{/\:I\Y' ™M™y
1 p n
OH

D
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trong d6 R; 1a nhém hydrocacbyl c6 tir 8 dén 22, tot hon 1 12 dén 18, nguyén
tlr cacbon; A 13 nhém alkylenoxy c6 2-4, t6t hon 13 2, nguyén tir cacbon; p 12 s6 0
hodc 1;q 1a sb tir 0 dén 5, t6t hon 13 0; R, 14 nhém hydrocacbyl c6 tir 1 dén 4 nguyén

tt cacbon, t6t hon 1 1, hodc R, 13 nhém

/EO CH,
R p A
q
OH ,

trong d6 Ry, A, p va q ¢6 nghia nhu trén; Y~ dugc chon tir nhém bao gdm COO
va SOy, tot hon 1a COO’; n 1a s6 1 hogc 2, tot hon 1a 1; M 1a cation, c¢6 thé ¢6 héa tri
mot hodc héda tri hai, va vé co hodc hitu co, varla sb 1 hodic 2. Chét tuyén chinh ciing
¢6 thé duogc sir dung dudi dang axit clia no, trong dé nito dwgc proton hoéa va khong
can c6 cation bén ngoai.

Céc hop chét theo cong thirc (IT) c6 thé duoc sang ché d& dang vé6i hiéu suét
cao tir cac vat tw ban ddu c6 sin trén thi trudng bing cach sir dung cac quy trinh da
biét. US 4,358,368 d& xuit mot sb cach dé san xuét cac hop chat trong d6 R, 14 nhém
hydrocacbyl c6 tir 8 dén 22 nguyén tir cacbon (cot 6, dong 9 dén cot 7, dong 52), va
trong US 4,828,687 (cot 2, dong 2 dén cot 2, dong 31) c¢6 md ta cac hop chét trong d6

Ry 1a
/IEO CH,
R P A
q
OH

dugc gén vao hop chét c6 cong thire (IT) thong qua nhém metylen.
Trong phuong 4n khac, chit tuyén chinh c¢6 cong thirc

COOM COoOoMm

e

D D
I("I' |
W/ COOM
R k \D/ (11D
trong d6 R, 12 nhém hydrocacbyl ¢6 tir 8 dén 22, t6t hon 14 12 dén 18, nguyén

tit cacbon, D 1a~CH,- hodc -CH,CH,-, k bang 0 dén 4, t6t hon 13 0 dén 3, va t6t nhét

1a0dén2,vaM 1a hydro hodc cation, nhu natri hodc kali.
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Céc san phim nay di dwoc biét r5 va dwoc san xuét dang thuong phdm bing
céc phuong phép da biét. Cac san pham trong d6 D 13 —CH,- duoc didu ché bing phan
ting gifta amin béo véi axit cloaxetic hodc mubi clia né, va cac san phim trong d6 D 1a
-CH,CH,- dugc diéu ché bing phan tmg gifra amin béo va axit acrylic acid hodc este
cua no, trong truedng hgp sau, sau phan tng c6 cong doan trinh thity phén.

Trong phuong an khéc, chét tuyén chinh dugc chon tir cac chét hoat dong bé
mgt anion nhu axit béo (c6 nhém axyl C8 dén C24), sulfonat, alkyl phosphat, alkyl

sulfat va cac hop chét c6 cong thirc (IV)

(e} R, (o]
/k °
R N I 0 no | X
l|?1 o R3

m(1V)

trong d6 R 12 nhom hydrocacbyl cé tir 7 dén 23, t6t hon 1a 11 dén 21, nguyén tir
cacbon, dugc thé tuy y; Ry 14 H hodac CHj, tthonlAH; R, A H hodc nhom alkyl C1-
C4, t6t hon 12 H; R; 13 H hodic CHs, t6t hon 14 CH; n 13 s6 1-20; p 12 s6 1-3, t6t hon 12

1; X 12 H' hoic cation hitu co hodic vb co, va m thé hién héa tri cia cation va 1a sb 1
hodc 2, t6t hon 1 1. Cation tdt hon 13 duoc chon tir nhém bao g(‘Sm cation kim loai
kiém, cation kim loai kiém thé, amoni, va nhém amoni dugc thé c6 mot hodc nhiéu
nhém alkyl va/hoic hydroxyalkyl C; dén Cs.

Pé sang ché hop chit c6 cong thirc (IV), xem phin mé ta trong WO
2015/000931 (tng v6i PCT/EP2014/064014).

Sang ché con lién quan dén phuong phép tuyén ndi bot quing khong sulfua,
dic biét 12 quing phosphat, dé thu hdi chét khoang apatit, phwong phap nay sir dung
hén hop chit tuyén dugc mo ta trén day.

Phuong phép tuyén ndi bot quing phosphat nhu viy thudng bao gdm céc cong
dozjn:

a) diéu hoa quing chira phosphat da chuyén thanh bot nhdo, trong d6 quing

gdm cac chit khoang chira phosphat, va cic chit khoang phé liéu, véi lugng hiéu qua
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ctia ché phdm chét tuyén chtra chét tuyén chinh va phu dwoc mo ta trén day, va tuy y
c6 thém céc chét trg tuyén ndi khac va

b) thuc hién quy trinh tuyén ndi bot dé thu (cac) chit khoang chira phosphat.

Sang ché con lién quan dén ché phim chit tuyén gdm chét tuyén chinh nhu
duogc dinh nghia trong ban mé ta nay va chét tuyén phu nhu dwoc dinh nghia trong ban
mo ta nay.

Ti 18 khéi lugng gitta chit tuyén chinh va chét tuyén phu t6t hon 1a tir 15:85, tbt
hon nita 12 20:80, t5t nhit 12 25:75 dén 99:1, t6t hon 1a 98:2, tot nhét 1a 97:3. Moi ti 1
khéi lugng & day chi ti 1€ cac hoat chét, trir khi ghi rd khéc.

Luong ché phdm chét tuyén dugc thém vao quing néi chung nim trong pham
vi tir 10 dén 1000 g/tAn quing kho, t6t hon 1a trong pham vi tir 20 dén 500, t6t hon
nita 12 tir 100 dén 400 g/tin quing kho.

Céc chit tro tuyén ndi khac c6 thé hién dién trong qua trinh tuyén nbi 12 chét
can ndi, nhu polysacarit, tinh bdt kiém héa hodc dextrin, ddu pha lodng, chét diéu hoa
bot, nhu dau théng, MIBC (metylisobutyl carbinol) va rugu nhu hexanol va alcohol
etoxylat/propoxylat, chét phan tan v6 co, nhu natri silicat (thiiy tinh 16ng) va natri
cacbonat ash, va chét diéu chinh pH.

pH trong qué trinh tuyén ndi thuong ndm trong pham vi tir 8 dén 11.

Sang ché s& dugc minh hoa thém bdi cac vi du sau déy.

Vi du thyc hién siang ché
Vidul
MO ta bot

Cot bot 13 hé thdng cic cot trong sudt nhidu cép c6 dudng kinh trong 15 cm.
Cot duge 1ip may khudy tuabin véi tbe d6 c6 thé thay dbi & day dé bot nhio cb thé
dwoc khudy nhu trong budng tuyén thuc. Dong khong khi c¢6 dinh lwong di vio cot
qua 6ng & gitra viing x40 tron gan canh tuabin khudy. Thé tich huyén phil dugc dinh &
mitc 1,3 L va ti trong bot nhio turong tw nhu trong cic kiém nghiém tuyén ndi chudn.
Van téc canh tuabin khudy va luu lwong khong khi dwoc giit khong dbi trong cac thir
nghiém. Cot con cd thém thudce ti 1€ dé do chiéu cao bot. Quy trinh kiém nghiém dién
hinh nhu sau: (1) diéu hoa ché phim chit tuyén va huyén phii chit khoang & pH 11
trong 5 phut; (2) suc khi v6i luu lugng khong dbi 1a 3,0 L/phut; (3) theo ddi su tao
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thanh bot trong 10 phut hoic dén khi dat va 6n dinh chiéu cao téi da; va (4) theo di
su tao thanh bot va pha v& bot bang cach chup anh mdi 20 gidy trong ting qua trinh.

Quing phosphat dugc dung chira 8% apatit, 65% phlogopit, 22% cacbonat va
5% diabazo. Quing dugc dip v va nghién dén kich thuéc tuyén ndi mong mudn
(K80=255pum).

Pbi v6i moi thi nghiém, chét tuyén chinh dugc dung 13 Atrac 444 (ctia Akzo
Nobel), 12 hdn hop ciia chit tuyén N-[2-hydroxy-3-(alkoxy C12 dén C16)propyl]-N-
metyl glyxinat (natri sarcosinat C14-C15) va axit axetic, va chét tuyén phy twong ng
nhu trong Bang 1 dudi ddy. 500 g quing va 0,15 g hdn hop chét tuyén duoc ding
trong mdi thi nghiém, va trong hdn hop chét tuyén ti 18 khéi lugng giita chét tuyén
chinh va chét tuyén phu 12 65:35.

Két qua
Chiéu cao ctia bot
Béang 1. chiéu cao cta bot dugc tao thanh trong thir nghiém bot bing cach sur

dung céc alcohol etoxylat khac nhau

Chiéu cao bot &
chat tuyen phu Loai rugu pH 11 v6i chat
B . s LA
khoang va chat tao
bot (texanol), mm

A 3 Exxal 13 + 1.5 EO Mach nhanh 320

B 2.2 |Marlipal O+ 1.5EO | Mach nhénh 340

C NA | Berol 259 Mach nhanh /thom 350

D 0,6 |Safol23+1,5EO Hon hogp  (mach | 240
thing/ nhanh)

E 0 Alfol 12/14S + 1,5 EO | Mach thing 170

'Berol 259 (ctia AkzoNobel) 14 nonylphenol etoxylat c6 khoang 2 mol EO.

Moi rugu etoxyl hoa trong bang trén day cé cung do ethoxyl hoa (DE), dugc
dinh nghia & ddy 1a lugng mol etylen oxit dd dugc thén vao trén mdi mol rugu trong
phéan ng etoxyl hoa. Rugu Exxal 13 (cua Exxon), Marlipal O (cua Sasol), Safol 23
(cta Sasol) va Alfol 12/14S (cia Sasol) déu duogc etoxyl hoa véi 1,5 mol EO mdi mol

ruou.
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Mot s6 thong sb c6 tinh chit quan trong khi dua két qua tuyén ndi phong thi
nghiém thanh két qua tuyén nbi quy md 16n. D6 12 loai, chiéu cao va dd én dinh coa
bot.

Loai va chiéu cao cia bot: Lép bot quéa méng thuong cho thdy bot dic cua
nhiéu bong bong rit nho thuong din dén hién trong kéo theo; do do, &t hon 13 c6 bot
phdéng hon.

Két qua trén Bang 1 cho thiy sir dung etoxylat rugu mach nhanh 1am chét
tuyén phu cho ra bot phdng 16n hon (Bang 1; A & B), trong khi sir dung etoxylat ruou
mach théng tao ra bot ddc hon (Bang 1; D & E).

D5 6n dinh cta bot

D3 biét ro ring trong qué trinh tuyén nbi qui mo 16n, bot phai tan cang sém
cang tdt sau khi ngimg cung cip khong khi. Pay 13 yéu t§ ¢t yéu khi tuyén ndi qui
md 16n. Nhu c6 thé thdy tir két qua trén Fig 1, s giam bot bang cach sir dung etoxylat
ruou mach nhanh (Fig 1. A & B) nhanh hon nhiéu so vé&i khi etoxylat ruou mach
thing duogc sir dung (Fig 1. D & E). Piéu d6 c6 nghia 13 st dung etoxylat rrou mach
thing din dén két qua 1 bot bén hon, va didu nay 12 nhugc diém trong qua trinh tuyén
ndi.

Vidu2
Quy trinh tuyén ni chung

Quing phosphat chita 8% apatit, 65% phlogopit, 22% cacbonat va 5% diabazo
dwoc dap v va nghién dén kich thudc tuyén ndi mong mudn (Kgy=255um). |

500 g quing dugc dua vao khoang tuyén nbi Denver 1,4 L. Nudc may (nudc
cdng cdng tai Stenungsund véi dd cing 4°dH) dugce thém dén muc da danh diu trong
khoang (1,4L) va bat du tron. pH ctia hdn hop tuyén ndi duoc diéu chinh dén 11 véi
dung dich NaOH 5% va hén hop chét tuyén chinh va phu dwgc thém vao khoang
tuyén ndi theo ti 16 300g/tin dudi dang dung dich 1% trong nuéc. Qua trinh diéu hoa
duoc tién hanh & 1,100 vong/phut va nhiét 6 phong trong 5 phit. Sau cong doan diéu
hoa, chét tao bot dugc thém vio, va qué trinh tuyén ndi (900 vong/phit, 3L/pht)
duoc bt diu. Thi nghiém dugc tién hanh & nhiét do phong (20£1°C). Qua trinh tuyén

ndi thd hon, theo sau 13 hai cdng doan lam sach, duoc tién hanh. Moi phén doan (dudi,
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gifta vi dam dic) dugc thu va phén tich. Figure 2 13 so ¢ minh hoa céc coéng doan
tuyén nbi dugc thuc hién va cc phén doan khac nhau dugc thu lai.

Céc chit tuyén phu dugc trinh bay trong Bang 1 dwoc ding trong quy trinh
tuyén ndi trén day, va két qua tuyén ndi véi cac chit tuyén d6 dugc thé hién trén Béng
2. Chét tuyén chinh duoc ding 14 Atrac 444 (ctia Akzo Nobel), 1a hdn hop cua chét
tuyén N-[2-hydroxy-3-(alkoxy C12 dén C16)propyl]-N-metyl glyxinat va axetic axit.
Ti 18 khéi lugng gitta chit tuyén chinh va chit tuyén phu 14 65:35.

Bang 2. Két qua tuyén ndi dugc trinh bay theo muic va loai P,O5 thu dugc

Ma |DB? | Chét tuyén phu | BPam déc tho hon Pam déc sach hon thi 2
Thu hdi, % |Loai,% | Thuhdi, % | Loai, %

A 3 Exxal 96,5 15 81 33,5
13+1,5EO

B 2.2 Marlipal 96,5 15,5 82 30,5
0+1,5EO

C NA’ | Berol 259 97,6 17,1 81,8 33,0

D 0.6 Safol 95 17 45 32,5
23+1,5EO

E 0 Alfol 92 21 4 31,5
12/14+1,5EO

“DB c6 nghia 14 d§ phan nhanh

’khong ap dung; Berol 259 14 nonylphenol etoxylat véi khoang 2 mol EO

Béng 2 cho thiy két qua tuyén ndi phi hop kha t6t vai dir lidu thu duge khi do
bot trong Vi du 1. K&t qua bot én dinh hon din dén két qua ma tang t6n thét apatit
trong cac cong doan l1am sach. Két qua cho thiy rd rang ring su phan nhanh ciia mach
dong vai trd c¢bt yéu trong qué trinh tuyén ndi. Safol 23 etoxyl héa (12 hdn hop rugu
don mach thing va nhanh) véi chit tuyén chinh dat ti 18 thu hdi cao hon & mirc d6
nhit dinh so véi ruou mach thing hoan toan dugc etoxyl héa trong t6 hop véi chit
tuyén chinh. Thu dugc két qua t6t nhét trong vai tro chét tuyén phu 13 cac rugu mach
nhanh etoxyl héa v6i DB tir 1 dén 3 so v6i san phdm tién tién nhit hién nay, ttrc 1a
nonylphenol etoxylat c6 didu kién kém wu tién hon v& mit mdi trudng.
Vidu3
Quy trinh tuyén ndi chung
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Quiing phosphat chira 20 dén 25% apatit, 30-40% silicat va khoang 20% st
oxit dugc dap va nghién dén kich thudc tuyén ndi mong mudn (Kg=110pm).

500 g quing duogc cho vao budng tuyén ndi Denver 1,4 L, 500 ml nuéc may
(nudc may vung Stenungsund c6 do cing 4°dH) dugc thém vao va bit dau khudy
tron. Sau d6 diéu hoa 5 phut véi dung dich tinh bot 1%(khdi lugng/khdi luong) theo ti
1 1,000g/tAn dugc tién hanh, chit tuyén (hoic hdn hop cht tuyén chinh va chit tuyén
phu) véi ti 1¢ 500 g/tAn duéi dang huyén phi 1%(khdi lwong/khdi lugng) trong nuéce
duoc thém vao budng tuyén ndi va qua trinh didu hoa dugc tiép tuc trong 2,5 phiit.
Sau cong doan diéu hoa, nuéc may dugc thém vao dé téng thé tich dat dugc 1a 1,4L,
pH ctia hdn hop tuyén nbi dugc didu chinh dén 9,5 voi dung dich NaOH 10% va qua
trinh tuyén ndi dugc bit ddu. Thi nghiém dugc tién hanh & nhiét do phong (20+1°C).
Qua trinh tuyén ndi thé hon, theo sau 12 ba cong doan rira, dugc thuc hi¢n. Moi phan
doan (dudi, gitta va ddm ddc) dugce thu va phan tich.

Béng 3. Két qua tuyén ndi duoc thé hién dusi dang thu héi P,0; loai 34%.

Luong, g/tin Ti 18 P,Os thu hoi loai 34%, %
Este axit lactic | Exxal
cua N-acyl | 13+1.5EO

i glycin®
Doi chiing 300 - 62,5
Sang ché 225 75 70

*Nhém Acyl din xuét tir axit béo dau gd thong; xem md ta chi tiét cia san
phdm nay trong Vi du 1 cia WO 2015/000931 ( PCT/EP2014/064014)

Béang 3 trén dy cho thiy su hién dién ctia chét tuyén phu theo sang ché gitp
tang ti 1& thu hdi apatit 7,5%. Didu nay cho thiy loai chét tuyén phu nay c6 thé duoc
str dung trong qua trinh tuyén ndi quing khoéng sulfua cing véi nhidu chét tuyén chinh
anion hodc ludng tinh khéac nhau.

Vidu4
Quy trinh tuyén ndi chung

Mau vat tu tuyén ndi thd quing phosphat dugc dung chia 11% apatit, 69%
canxit, 18% dolomit, 1% silicat va 1% s&t oxit. Kich thugc hat Kgy=350um.

400 g mau quing duge cho vao budng tuyén ndi Denver 2,8L, 800 ml nudc
mdy (nuéc may ving Stenungsund c6 d cting 4°dH) dugc thém vao va bit diu khudy

tron. pH cia bot nhdo dugce didu chinh dén 10,6 voi dung dich NaOH 10%. Sau do6,
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sau khi diéu hoa 5 phut véi dung dich tinh bdt kiém héa 1%(khdi lwong/khdi lrong)
theo ti 18 150 g/t4n, chét tuyén (hdn hop chét tuyén chinh va chét tuyén phuy) véi ti 18
72 g/tAn dudi dang dung dich 1%(khéi luong/khdi lugng) trong nude duge thém vio
budng tuyén ndi va diu hoa tiép tuc trong 2 phit. Sau cac cong doan diéu hoa, nude
may dugc thém vao dé téng thé tich dat 2,8 L, va qua trinh tuyén ndi dugc bit dau.
Thi nghiém duoc tién hanh & nhiét d6 phong (21£1°C). Qua trinh tuyén ndi thé hon,
theo sau 1a ba cong doan rira, dugc thuc hién. Moi phén doan (dudi, gitta va dam dic)
dugc thu va phan tich.

Bang 4. K&t quéa tuyén ndi duoc thé hién duédi dang thu hdi P,0s loai 36%.

Luong, g/tin Ti 16 P,0s thu hdi loai 36%
(%)
Chéttuyén |Lial 111 | Exxal 13
chinh (cua (cua
Nhu trong Vi | Sasol) Exxon)
du?2
Dbi chimg 47 25 - 70
Sang ché 47 - 25 88

Béng 4 cho thiy ruou Exxal 13 véi vai trd chét tuyén phu c6 hiéu qua cao hon
rugu Lial 111. Ruogu Lial 111 chu yéu chira undecylic alcol, 50% 1a mach thing, va c6
DB<I1. Exxal 13 chu yéu 14 tridecyl/dodecyl alcol, 100% mach thing, va c6 DB bang
3.
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| YEU CAU BAO HO
1. Quy trinh tuyén ndi bot quing khong sulfua sir dung ché phdm tuyén ndi bao
gbm chit tuyén chinh dugc chon tir nhém bao gdm cac chét hoat dong bé mit anion
va ludng tinh, va chét tuyén phu dugc chon tir nhém bao gém cac ruou béo mach
nhanh c6 tir 12 dén 16 nguyén tr cacbon c6 dd phan nhanh tir 1 dén 3, va cac
alkoxylat ctia ching c6 do etoxyl hoa t6i da 14 3, c6 cong thirc phan tir 1a:
R-0-(PO)(EO),(PO),H (D),

trong d6 R 12 nhém alkyl hodic alkenyl c6 12 dén 16 nguyén tir cacbon, va
nhom alkyl hoidc alkenyl c6 d6 phan nhénh tir 1 dén 3; PO 1a don vi propylenoxy va
EO 1a don vi etylenoxy; x 12 s6 tir 0 dén 2, tdt hon 13 0, y 14 s6 tir 0 dén 3 va z 1 s6 tir
0 dén 2, tét hon 12 0.
2. Quy trinh theo diém 1, trong do chét tuyén chinh 13 chét hoat dong bé mat

ludng tinh duoc chon tir nhém bao gdm céc hop chét ¢ cong thire (II):

Tz
O£
R AJ"/\‘/\N{/\]\Y' "™ ytr
n
OH 1))

trong d6 Ry 1a nhém hydrocacbyl c6 8 dén 22, t6t hon 1 12 dén 18, nguyén tr
cacbon; A 13 nhém alkylenoxy c6 2 dn 4 nguyén tir cacbon; p 14 s6 0 hoic 1; q 14 s6
tir 0 dén 5, t&t hon 12 0; R, 12 nhém hydrocacbyl c¢6 1 dén 4 nguyén tir cacbon, tét hon
1a 1, hodc R, 1a nhém:

/EO CH,
R p |A
q
OH |

trong d6 Ry, A, p va q ¢6 nghia nhu trén, Y~ dugc chon tir nhém bao gbm COO
va SOy, t6t hon 14 COO’; n 14 s6 1 hodc 2, tét hon 1a 1; M la cation, c6 thé c6 hoéa tri
mot hodc hoéa tri hai, va v0 co hodc hitu co, varla s 1 hodc 2; hodc trong d6 hop chét
(II) ton tai dudi dang proton héa cé tinh axit ctia n6 ma khong c6 cation ngoai (M™)

1/r; va céc hop chat ¢ cong thirc (III):
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/coom /coom
T T
/EN\/\/]/N
COOM

(I1D)

trong d6 R, 13 nhém hydrocacbyl c6 8 dén 22, t6t hon 13 12 dén 18, nguyén tix
cacbon, D 14—CH,- hoic -CH,CH,-, k bing 0 dén 4, t&t hon 13 0 dén 3, va t6t nhat 13 0
dén2,vaM la hydro hodc cation, nhu natri hodc kali; va cac hén hop cua ching.
3. Quy trinh theo diém 1, trong d6 chét tuyén chinh 13 chét hoat dong bé mit
anion dugc chon tir nhém bao gdm axit béo, sulfonat, alkyl phosphat, alkyl sulfat va

cac hop chét c6 cong thirc (IV):

A K|

1

—m (1IV)

trong d6 R 13 nhém hydrocacbyl c6 tir 7 dén 23, t6t hon 12 11 dén 21, nguyén it
cacbon, duogc thé tuy y; R; 1a H hodac CHj, tdt hon 1a H; R, 13 H hodc nhém alkyl C1-
C4, t6t hon 12 H; Ry 12 H hodic CHs, tbt hon 1a CHj; n 1 s6 tir 1 dén 20; p 14 6 tir 1
dén 3, t6t hon 12 1; X 12 H' hoic cation v co hodc hitu co, va m thé hién hoéa tri cta
cation va 13 s6 1 hodc 2, tbt hon 1a 1.
4. Quy trinh theo diém bét ky trong sd cc diém tir 1 dén 3, trong d6 ti 18 khoi
lwong gifta chét tuyén chinh va chit tuyén phu 1a tir 15:85 dén 99:1.
5. Quy trinh theo diém bat k¥ trong s6 cac diém tir 1 dén 4, trong d6 quing khong
sulfua 14 quéng chira phosphat.
6. Quy trinh theo diém 5 bao gdm c4c cong doan: a) didu hoa quing chtra
phosphat nghién nhdo, trong d6 quing gbm chit khoang chira phosphat, va cac chét
khoang bun quing, véi lugng hiéu qua cia ché phim tuyén ndi, trong d6 ché phim
tuyén nbi tily ¥ ¢6 thém céac chit trg tuyén ndi khac va b) tién hanh quy trinh tuyén ndi

dé thu hdi (cac) chit khoang chira phosphat.
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7. Ché phim tuyén ndi bao gdm chét tuyén chinh hoat dong b& mat dugc chon tir

nhém bao gbm axit béo, sulfonat, alkyl phosphat, alkyl sulfat, hop chit c6 cong thirc

I1):
Tz
0
R \EAJP/\K\NH\Y' e
n
OH ()

trong d6 R, 1 nhém hydrocacbyl c6 tir 8 dén 22, t6t hon 1 12 dén 18, nguyén
tir cacbon; A 12 nhém alkylenoxy ¢ 2-4 nguyén i cacbon; p 13 s6 0 hodc 1; q 1a s6 tir
0 dén 5, tot hon 13 0; R, 1a nhém hydrocacbyl ¢6 tir 1 dén 4 nguyén tir cacbon, tét hon

1a 1, hodc R, 1a nhém

/EO CH,
R pIA
q
OH ,

trong d6 R;, A, p va q ¢6 nghia nhu trén, Y~ dugc chon tir nhom bao g?)m COO’
va SOy, tt hon 1a COO™; n 13 s6 1 hoic 2, tot hon 1a 1; M 1a cation, c6 thé c6 hoa tri
mdt hodc héa tri hai, va vo co hodc hitu co, var 14 sb 1 hodc 2; hodc trong d6 hop chét
(II) ton tai dudi dang proton héa cé tinh axit ciia né ma khéng cé cation ngoai (M™)
1/r; cac hop chét ¢ cong thire (I11)
COoOM

D/COOM D/

| |
AN oo
R: K \D/ (III)

trong d6 R, 12 nhém hydrocacbyl c6 tir 8 dén 22, tot hon 12 12 dén 18, nguyén
ttr cacbon, D 13—CH,- hoic -CH,CH,-, k bang 0 dén 4, tt hon 13 0 dén 3, va t6t nhét
140 dén2, vaM la hydro hoac cation, nhu natri hodc kali; va cac hgp chit c6 cong
thire (IV):
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j—

0O R, @)
& °
R N ‘ 0 no | X
I—L o R3

—m (IV)

trong d6 R 12 nhém hydrocacbyl cé tir 7 dén 23, t6t hon 13 11 dén 21, nguyén tir
cacbon, dugc thé tuy v; R; 14 H hodc CH;, t5t hon 13 H; R, 13 H hodc nhém alkyl C1-
C4, t6t hon 12 H; R; 12 H hodc CHs, tot hon 1a CHj; n 13 s6 1-20; p 14 s6 1-3, t6t hon 1a

1; X 13 H' ho#c cation v co hoic hitu co, va m thé hién hoa tri cia cation va 1a sb 1
hoic 2, t6t hon 13 1; va cac hdn hop cua chung; va chét tuyén phu dugc chon tir nhém
bao gdm cac ruou béo mach nhanh c6 12 dén 16 nguyén tir cacbon c6 do phan nhanh
tir 1 dén 3, va cac alkoxylat ctia chiing v&i dd etoxyl héa t6i da 14 3 c6 cong thirc:
R-O-(PO),(EO),(PO).H (),
trong d6 R 13 nhém alkyl hoic alkenyl c6 12 dén 16 nguyén tir cacbon, va
nhém alkyl hodc alkenyl c¢6 dd phan nhanh tir 1 dén 3; PO 1a don vi propylenoxy va
EO 12 don vi etylenoxy; x 12 s6 tir 0 dén 2, tt hon 12 0, y 12 s6 tir 0 dén 3 va z 1a sb tir
0 dén 2, tét hon 12 0.
8. Ché phim theo diém 7, trong d6 ti 18 khdi luong gitra chit tuyén chinh va chét
tuyén phu ndm trong pham vi tir 15:85 dén 99:1.
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Fig. 1
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Thoi gian, gidy

A - Exxal 13+1.5EO (theo sang ché); B - Marlipal O +1.5EO (theo sang ché);
C - Berol259 (d6i chieng), D - Safol 23+1.5EO (dbi chirng);
E - Alfol 12/14S+1.5E0O (dbi chirng)).
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Fig. 2
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