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(54) QUY TRINH SAN XUAT VA THU HOI LIEN TUC XYCLOHEXANON TU
PHENOL VA HYDRO TREN QUY MO CONG NGHIEP

(57) Sang ché d& cap dén quy trinh san xuét va thu hoi lién tuc xyclohexanon tir phenol va
hydro & quy mé coéng nghiép, trong d6 quy trinh ndy bao gdm cac budc:

hydro hoa phenol trong thung phan g hydro héa phenol;

tach xyclohexanon tir dong san pham dd hydro héa trong bd phan tach va tinh ché [II]
bao gdm it nhat bdn bd phan chung cat;
trong d6 it nhat mot phan nhiét phan tng sinh ra trong bo phan phan tmg hydro héa phenol
[1] duoc dung dé tao ra hoi nudc; va
trong do ty 1¢ mol cua xyclohexanon so véi phenol ma dugc nap vao thung phan ting hydro
hoa phenol nay 1a nam trong khoang tir 0,02 dén 0,10; va/hodc trong do ty 1& mol cia
xyclohexanol so v&i phenol ma duoc nap vao thung phan (mg hydro héa phenol nay 14 nam
trong khoang tir 0,001 dén 0,10.
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Linh vie k§ thuit dwoc dé cap

Sang ché dé cap dén quy trinh san xuét lién tuc xyclohexanon tir phenol va
hydro trén quy mo cdng nghi€p.
Tinh trang ky thuit ciia sang ché

Mot phﬁn rat 1on xyclohexanon dugc ti€u thu dé san xuét caprolactam, mdt chét
trung gian ding dé san xuit nylon 6. Hdn hop cia xyclohexanon va xyclohexanol
dugc ding dé san xuét axit adipic, ma chii yéu dugc chuyén héa thanh nylon 6,6.
Ngoai viéc xyclohexanon cé thé duge ding 1am dung moi cong nghiép hodc 1am chét
hoat héa trong cic phan tng oxy héa. Hop chét nay ciing c6 thé duge ding lam chét
trung gian dé san xuit nhya xyclohexanon.

Vio nhitng nim 1930 quy trinh san xuét xyclohexanon dd bit diu duoc thuc
hién trén quy mé cong nghiép, song song véi quy trinh san xudt thuong mai
caprolactam va nylon 6. K& tir d6 khéi lugng san xuét xyclohexanon ngiy cang gia
tdng va hién nay lugng xyclohexanon dugc san xuit m&i nam 14 trén 6 triéu tin.

Thuét ngit quy mé cong nghiép c6 nghia 1a tdc d6 san xuét it nhit 1a 1.000kg
xyclohexanon mdi gio, tot hon 12 it nhét 14 5.000kg xyclohexanon mdi gid va tdt nhét
it nhat 1a 10.000kg xyclohexanon mdi gio.

Xyclohexanon thudng duge didu ché tir phenol nhd hydro héa ¢ xuc tac trong
thing phan tng hydro héa phenol, vi du bang cach sir dung chit xtc tac platin hodc
paladi. Phan tng nay c6 thé duoc tién hanh trong pha 16ng hoic pha khi. [Kirk-Othmer
Encyclopedia of Chemical Technology, e.g. 3rd Edition, Vol. 7 (1979) p. 410-416; 1.
Dodgson et al. "A low Cost Phenol to Xyclohexanon Process", Chemistry & Industry,
18, December 1989, p. 830-833; hodac MT. Musser "Xyclohexanol and

Xyclohexanon", Ullmann's Encyclopedia of Industrial Chemistry (7th Edition, 2007),
| (dudi day goi 1a "Musser").

Quy trinh hydro héa phenol thianh hai san phdm chinh, xyclohexanon va

xyclohexanol, c¢6 thé dugc md ta bdi cac phuong trinh hé sb ty lwong sau:



28835

C6H5OH + 2H2 — C6H100

phenol _ hydro xyclohexanon
va

CsHsOH + 3H, — C¢H;1OH
phenol hydro xyclohexanol

& cac quy trinh théng thudng, thudng thi cin phai diéu chinh gita higu sut cua
san phdm mong muén (xyclohexanon va/hoic xyclohexanol dugc tao ra & dang phan
trdm cia lugng phenol dugc cip), va mic chon loc ciia phan tng (xyclohexanon
va/hodc xyclohexanol duoc tao ra & dang phén trim cla phenol da dugc chuyén héa).
Nhu dugc md ta trong cac cong bd don néu trén, mot vai yéu t6 déng mot vai trd &
day, bao gdm nhiét d9, viéc chon chét xic tac, va ty 1& hydro/phenol dugc cap.

Quy trinh thong thudng dé didu ché va thu hdi xyclohexanon tir nguyén liéu
phenol dugc mo ta trong tai li€u Musser hodc trong patent My sb US 3,305,586. Quy
trinh nhu vy bao gdm hai hoic tity y ba bd phén. Xyclohexanon dugc diéu ché & bd
phén phan tng hydro héa phenol. O bd phan phan tmg hydro héa phenol, mdt dong

phenol méi dugc hydro hoa trong quy trinh & pha hoi hodc trong quy trinh & pha long.
| Tur bd phén phan ing hydro héa phenol nay, mot dong khi thdi vao chtra hydro va tiy
-y céc khi tro nhu nito va/hodc metan, va dong san phim thu dugc tir bd phan phan ung
hydro hoéa phenol chita xyclohexanon va xyclohexanol, phenol va cic san phim phu
dugc xa ra. O bd phén tinh ché va tach, xyclohexanon dugc tach ra khdi dong san
phim thu dugc tir bd phén phan tng hydro héa phenol. Tity ¥ xyclohexanol duqc dong
san xuét dugc chuyén héa thanh xyclohexanon trong bd phin phan ung hydro hoa
xyclohexanol.

Quy trinh tach hydro xyclohexanol thanh xyclohexanon c6 thé dugc mo ta bang
phuong trinh hé sb ty lugng sau:

Ce¢H,OH —  C¢HyoO + H,

xyclohexanol xyclohexanon hydro

N6i chung, phan tng tach hydro thu nhiét nay dugc tién hanh & pha khi. Mot
vai chét xtc tac c6 thé dugc dua vao phan tng tich hydro nay bao gbm céac chit xuc
tac trén co s¢ df‘mg va/hodc kém, ké ca céac chét xuc tac bao g(“)m CuCrO42Cu0.2H,0,
CuMgO, CuZnO, CuCrO, CuCrMnV va ZnO.
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Xclohexanon thudng dugc thu hdi bing quy trinh chung cit & dang san pham
gidu xyclohexanon (thudng rit giau > 90% trong luong) hoic & dang san phdm gin
nhu tinh khiét (> 99% trong luong). D& san xuét nylon cao cip, mong mudn d9 tinh
khiét cua xyclohexanon it nhit 12 99,5% trong luong va tét hon nita it nhat 1a 99,8%
trong lugng.

Trong tai liéu 2008 Alexandre C. Dimian va Costin Sorin Bildea (Chapter 5:
"Phenol Hydroation to Xyclohexanon" in "Chemical Process Design: Computer-Aided
Case Studies", 2008, Wiley-VCH Verlag GmbH & Co. KGA, Weinheim, ISBN: 978-
3-527-31403-4) da bdc 10 viéc tiéu thu toan bd hoi nudc véi lugng 1,40kg hoi nudce
mdi kg san phdm cho bd phén phan ing hydro héa phenol va bd phan tinh ché va tach.
Ngoai ra bd phén phan tng tach hydro xyclohexanol can 0,49MJ nhiét c6 nhiét d cao
mdi kg san phdm (2010kW nhiét @ san xuét 4,1kg san phim mbi gidy). Trong trudng
hop nay, san phdm 1a xyclohexanon véi d¢ tinh khiét 12 98%mol. |

Nhu vy, trong trudng hgp nay quy trinh san xut xyclohexanon tir phenol cin
1,40kg hoi nuéc mdi kg san phim va 0,49MJ nhiét mdi kg san pham.

Tir cac con sb nay muc tiéu thu ning lwong thuc clia quy trinh nay c6 thé duoc
tinh toan sau khi chuyén dbi con s6 tiéu thu hoi nude duge dua ra thanh con s6 tiéu thu
ning lwong. A.C. Dimian va céc ddng tac gia thé hién entanpy ciia sy bay hoi nuéc
thanh hoi nuéc 1a 2,083MJ/kg hoi nudc ¢ trang 158 (dong 9). Nho sir dung gia tri nay
muc tidu thu ning luong thuc ciia quy trinh nay c6 thé duge biéu thi bang 3,4MJ (=
1,40 * 2,083 + 0,49) mdi kg san phim. Trong trudng hop quy trinh ndy yéu cau murc
nhiét 0,49MJ mdi kg san phdm dugc cung cip biang cach gia nhiét bing hoi nudc, thi
cling c¢6 thé tinh toan murc tiéu thu hoi nuéc thuc cia quy trinh nay. Khi d6, muc tiéu
thu hoi nuéc thuc cia quy trinh nay 1 1,6kg (= 1,40 + 0,49 / 2,083) hoi nu6c mdi kg
san phidm. Cén luvu ¥ ring nghién ctu tich hop ning lugng dugc tién hanh béi A.C.
Dimian va cac ddng tac gia duoc dua trén so dd quy trinh san xuét dé tach chét léng
bing cach tién hanh theo thtr ty gian tiép trong d6 hdn hop dbng sbi phenol khong
dwoc chung ct & phan cit dinh thép.

Vén d& thuong gip & giai phap k¥ thuat da biét 1a mirc tiéu thu ning lugng thuc
@8 san xuét xyclohexanon tinh khiét tir phenol mdi kg san pham 13 cao va c6 thé

thudng cao hon mirc 3MJ nhiét mdi kg san phdm. Va trong truong hop ma toan b
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nhiét dugc cép bdi hoi nuée, thi muc tiéu thu hoi nude thuc c6 thé thudong cao hon
murc 1,5kg hoi nuéc mdi kg san phidm. Mirc tiéu thu nhiét mdi kg san pham thuc cao
va/hodc muc tiéu thu hoi nudc mdi kg san phim thuc cao khong chi c6 tac dong tiéu
cuc dén diu chan cacbon cua quy trinh, ma con c6 tdc ddng ti€u cuc dén cac chi phi
bién dbi cia quy trinh san xuit xyclohexanon. Mot van dé khac thuong gip o giai
phéap k¥ thuat da biét 1a san phdm thu dugc c6 db tinh khiét chi bing 98%mol, ma gan
nhu twong duong véi 98% trong lugng, vi xyclohexanol la tap chét chinh trong san
phidm. Viéc tinh ché thém san phdm thu dugc thanh san phim c6 d6 tinh khiét bang
99,5% trong luong hodc thdm chi 99,95% trong lugng thdm chi s€ con lam tdng mirc
tiéu thu nhiét thuc mdi kg san phdm va/hodic mirc tiéu thu hoi nuéc thyc mdi kg san
phim.

Ban chét ky thuat ciia sang ché

Do d6, muc dich cia sang ché dé xuét quy trinh trén quy md cdng nghiép dé
diéu ché xyclohexanon tinh khiét, trong d6 cac nhuge diém trén day duoc khic phuc
hodc it nhét dugc 1am giam.

Do d6, muc dich ciia sang ché 1a dé xut quy trinh diéu ché xyclohexanon tinh
khiét c6 do tinh khiét it nhét b%mg 99,5% trong lugng ma c6 mic tiéu thu ndng luong
thuc mdi kg san phdm thip hon muc da biét. Xyclohexanon dugc san xuét bing quy
trinh nhu vy s& c6 déu chan cacbon dugc ci thién va cac chi phi bién ddi cua
xyclohexanon dugc san xuat s& dugc lam giam. Ngoai ra, xyclohexanon dugc san Xuét
cling dap tmg cac thong s ky thuat can d& san xuét nylon cao cip.

Céc thiéu s6t néu trén dugc giai quyét nho sang ché trong d6 murc tiéu thu ning
luvong thuc mdi kg san phém va/hodc mirc tiéu thu hoi nudc thuc mdi kg san phém
giam duoc két hop véi san xut san phim c6 do tinh khiét ting trong d6 it nhét 98%
(mol/mol) phenol méi dugc cip dugc chuyén héa thanh san phim (xyclohexanon). Tét
hon 13, thdm chi hon 99% (mol/mol) phenol méi dugc cip dugce chuyén héa thanh san
phém. Tham chi t5t hon nita 13, hon 99,5% (mol/mol) phenol méi duge cép duoc
chuyén hoéa thanh san phdm.

Mirc tidu thu niang lwong thuc mdi kg san phim duge 1am gidm nho két hop
sau: I) mirc chuyén héa phenol & mdi budc cao trong bd phan phan ng hydro hoa

phenol; IT) ty 1€ xyclohexanon so véi xyclohexanol cao trong hdn hgp phan mg thu
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duge tir bd phan phan tng hydro héa phenol; III) muc chon loc huéng vé
xyclohexanon & mdi budc cao trong bd phan phan tmg hydro héa phenol; va IV) mirc
tich hop nhiét cao trong quy trinh san xuét, thu hdi va tinh ché xyclohexanon va tiy y
trong quy trinh tich hydro ctia xyclohexanol. D6 tinh khiét cia san phim duoc ting
1én nho tién hanh chung cit v6i hidu qua tinh ché ting.

Do d6, sang ché dé xuit quy trinh san xuit va thu hdi lién tuc xyclohexanon tir
phenol va hydro trén quy mé cong nghiép, trong d6 quy trinh nay bao gdm céc budc:

I) hydro héa phenol trong thung phan Gng hydro héa phenol & bd phén phan
tmg hydro héa phenol [I] bang khi hydro, khi c6 mit chét xic tic chta platin va/hoac
paladi, nh& d6 nhiét phan g duogc sinh ra va thu duge dong san pham hydro héa;

IT) tach xyclohexanon tir dong san phdm da hydro héa & bd phan tach va tinh
ché [II] bang nhiéu budc bao gdm:

i. loai cac thanh phin c6 diém sbi thip hon xyclohexanon & bd phan
chung cét thir nhét;

ii. loai xyclohexanon & bg phan chung cAt th hai;

iii. loai pha giau xyclohexanol & bd phan chung cét thir ba; va

iv. loai hdn hop chira phenol va xyclohexanol & b phan chung cit thir
tu;

trong d6 xyclohexanon nay c¢6 ham lugng xyclohexanol duéi 5000ppm (trong
luong/trong lugng); trong d6 it nhit mot phan nhiét phan tng duoc sinh ra & bd phan
phan tng hydro hoéa phenol [I] dugc cip dé tao ra hoi nuéc; va |

trong d6 hdn hop chira phenol va xyclohexanol dugc loai & buédc iv) duoc nap
vao bd phén phan ing hydro hoéa phenol [I];

khac biét & chd it nhat mot trong s6 cac diéu kién a) hodc b) dugce &p dung:

a. ty 1€ mol cda xyclohexanon so vgi phenol dugc nap vao thung phan Ung
hydro héa phenol nay 12 ndm trong khoang tir 0,02 dén 0,10; i

b. ty 1€ mol cia xyclohexanol so v&i phenol dugc nap vao thung phan Gng
hydro hoéa phenol nay 1a nim trong khoang tir 0,001 dén 0,10.

Tét hon 13, ty 18 mol clia xyclohexanon so véi phenol duoc nap vao thung phan

tng hydro héa phenol nay nim trong khoang tir 0,02 dén 0,08; t6t hon nira & nim
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trong khoang tir 0,03 dén 0,07; t6t hon nita 12 ndm trong khoang tir 0,03 dén 0,05; vi
du 0,04.

Tt hon 13, ty 1& mol ciia xyclohexanol so véi phenol dugc nap vao thung phan
tng hydro hoéa phenol nay nim trong khoang tir 0,002 dén 0,05; tbt hon nira 1a nim
trong khoang tir 0,003 dén 0,04; vi du 0,01.

Tét hon 13, ty 1€ mol cua xyclohexanon hodc phenol dugc nap vao thung phan
ung hydro héa phenol nay nim trong khoang tir 0,02 dén 0,10, va ty 1&¢ mol cia
xyclohexanol so v6i phenol dugc nap vao thung phan mg hydro héa phenol nay nim
trong khoéng tir 0,001 dén 0,10.

Tét hon 1a quy trinh ndy con bao gdm buédc tich hydro xyclohexanol thanh
xyclohexanon va hydro & b phén phan Gng tich hydro xyclohexanol [III]. Tét hon 1a,
hydro dugc sinh ra & bd phén phan tmg tach hydro xyclohexanol [III] dugc nap vao bd
phén phan tng hydro héa phenol [I].

Tét hon 13, ty 1& mol ciia xyclohexanon so v&i xyclohexanol trong dong san
phim dugc hydro héa thu dugc & bude I) 1a 16n hon 10. Tt hon nira 13, ty 1& mol cia
xyclohexanon so vdi xyclohexanol trong dong san phidm dugc hydro héa thu duge &
buée T) 1a 16n hon 20; tét hon nita 1a 16n hon 40; tét nhat 12 16n hon 80. Tdt hon 1a ty
1€ mol ctiia xyclohexanon so v6i phenol trong dong san phdm hydro héa thu dugc &
budce I) 1a 16n hon 10. Tét hon 1a ty 16 mol cia xyclohexanon so v6i phenol trong dong
san phdm hydro héa thu dugc & buée I) 12 16n hon 20; t6t hon nita 1a 16n hon 40; tbt
nhit 12 16n hon 80.

Trong quy trinh theo séng ché, & budc II), tét hon 13 mdi bude trong sb céc
bude i, i, ii va iv doc 1ap bao gdbm budc loai bd san phim cu thé & phén cét dinh thap.
Quy trinh theo séng ché, & bude II), tdt hon 12 bao gbdm: i. loai bd cic thanh phdn c6
diém s6i thip hon xyclohexanon trong phén cit dinh thap & bd phan chung cat tha
nhit. T6t hon 14, quy trinh theo séng ché, & budc II), bao gém: ii. loai bd
xyclohexanon trong phin c4t dinh thap & bd phan chung cit thtr hai. Quy trinh theo
sang ché, & budc II), t6t hon 1 bao gdm: iii. loai bo pha gidu xyclohexanol trong phan
c4t dinh thap & bd phan chung c4t thir ba. Quy trinh theo sang ché, & budc II), tét hon
12 bao gdm: iv. loai bé hdn hop chira phenol va xyclohexanol trong phan cét dinh thap

& bd phan chung cit thir tu. Do do, tt hon 13, sang ché dé xuét quy trinh sn xuét va
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thu hdi lién tuc trén quy mo cong nghiép xyclohexanon tir phenol va hydro, trong d6
quy trinh nay bao gdm céc budc:

I) hydro héa phenol trong thung phan Gng hydro héa phenol & b phin phan
tng hydro hoéa phenol [I] bing khi hydro, khi c6 mit chat xtc tic chta platin va/hodc
paladi, nh¢ d6 nhiét phan tng dugc sinh ra va dong san phém hydro hda dugc x4 ra;

IT) tach xyclohexanon tir dong san phim da hydro héa & bo phén téch va tinh
ché [II] bang nhiéu budc bao gom:

i. loai bd cac thanh phin c¢6 diém s6i thdp hon xyclohexanon trong phin

c4t dinh thap & bd phan chung cAt thir nhit;

ii. loai bo xyclohexanon trong phin cét dinh thap & by phan chung cét

th hai;

iii. loai bé pha giau xyclohexanol trong phan cét dinh thap & bd phan

chung cét thit ba; va

iv. loai bo hén hop chira phenol va xyclohexanol trong phén cét dinh

thap & bd phan chung cit thir tu; I
trong d6 xyclohexanon nay c6 ham luong xyclohexanol duéi 5000ppm (trong
luong/trong lugng); trong do it nhit mot phﬁn nhiét phan ung dugc sinh ra & bd phén
phan tng hydro hoéa phenol [I] dugc cAp dé sinh ra hoi nudc; va
trong d6 hdn hop chira phenol va xyclohexanol dugc loai trong phén cét dinh thap &
budc iv) dugc nap vao bd phén phan tng hydro héa phenol [I]; khac biéf o chd it nhét
mot trong cac diéu kién a) hoic b) dugc 4p dung:

a. ty 1€ mol cia xyclohexanon so v6i phenol dugc nap vao thung phan Ung
hydro héa phenol nay nim trong khoang tir 0,02 dén 0,10;

b. ty 1€ mol cia xyclohexanol so véi phenol dugc nap vao thung phan ung
hydro héa phenol nay nim trong khoang tir 0,001 dén 0,10.

Sau b phan chung cét thir nhét 14 by phan chung cit thir hai, sau d6 14 bd phan
chung cit thtr ba, tiép theo 12 bo phan chung cAt thtr tu. THt hon 13, ngay sau bd phan
chung cét thir nhat 13 bd phan chung c4t thu hai, ngay sau d6 12 bd phan chung cét thir
ba, ngay sau d6 nita 1a bd phan chung ct thu tu.

Theo sang ché xyclohexanon nhu dugc loai bd & bd phan chung cit thu hai

dugc xac dinh 1a chira dudi 5000 ppm (trong lugng/trong lugng) xyclohexanol, tdt hon
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nita 1a dudi 4000 ppm (trong lugng/trong lugng) xyclohexanol, t6t hon nita 1a duéi
3000 ppm (trong lugng/trong luong) xyclohexanol, con t5t hon nira 1a dudi 2000 ppm
(trong luong/trong lugng) xyclohexanol, va tbt nhat 1a dusi 1000 ppm (trong
lugong/trong lugng) xyclohexanol. Pé r6 hon 2000 ppm (trong lugng/trong luong)
xyclohexanol 1a 0,2% trong luong xyclohexanol.

Do tinh khiét cua xyclohexanon dugc xac dinh 1a 100% trir di ham lugng cia
xyclohexanol. Vi thé, theo dinh nghia nay céc tap chét ngoai xyclohexanol khdng dugc
chuy.

Xyclohexanon chita 2000 ppm (trong lugng/trong lugng) xyclohexanol, ma la
0,2% trong lugng xyclohexanol, c6 do tinh khiét bang 99,8% trong lugng.

Tt hon 13, xyclohexanon thu dugc c6 do tinh khiét it nhét 13 99,8% trong
lwong. Tt hon 1a theo séng ché it nhét hon 30%, t6t hon nita 1a hon 40%, thdm chi tt
hon nita hon 50%, con tbt hon nita 1 hon 65%, cling t5t hon 1a hon 80% va tét nhét 13
hon 90% nhiét phan tng dugc sinh ra & b phin phan ung hydro héa phenol dugc clp
dé sinh ra hoi nuéc. Lugng hoi nuée sinh ra nay c6 thé dugc dung trong quy trinh theo
sang ché hoic ¢6 thé dugc dung cho cic ting dung khac. T6t hon 13, hoi nuéc sinh ra
dugc ding dé truyén ning luong @ diéu chinh mot hodic nhidu ndi hoi & cac bo phan
chung cét khac nhau hodc cho bd phén tach hydro xyclohexanol, hodc ca hai.

Dong san pham hydro héa thu dugc chira phenol, hydro, cac chét tro va phenol
duogc hydro hoa.

Tét hon 13, phenol dugc hydro hoéa trong quy trinh & pha hoi.

Mirc chuyén hoéa phenol & mdi budc & b phan phan img hydro héa phenol hoat

lvéo lvao

dong lién tuc dugc xé4c dinh 1 (phenol™ - phenol™)/phenol™, nh& d6 phenol** 13 luu
lugng ctia phenol dugce nap vao bd phén phan tmg hydro héa phenol, dugc biéu thi &
dang mol/gidy, va phenol™ 1a luu lugng cta phenol dugc xa khéi bd phén phan tng
hydro hoéa phenol, dugc biéu thi & dang mol/gidy.
Mic chon loc mdi buédc & bd phan phan tng hydro hoa phenol hoat dong lién
tuc duge x4c dinh 12 (xyclohexanon™ - xyclohexanon'**)/(phenol**° - phenol™), nh¢ d6
xyclohexanon*® 13 luu lugng cla xyclohexanon dugc nap vao bd phan phan

tng hydro héa phenol, dugc biéu thi & dang mol/gidy,
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xyclohexanon™ 14 luu lugng cia xyclohexanon dugc xa khéi bd phan phan ing
hydro héa phenol, dugc biéu thi & dang mol/gidy,

phenol™ 1a luu lwong ciia phenol duge nap vao by phan phan ting hydro hoéa
phenol, dugc biéu thi & dang mol/giay, va

I 1a luu lugng cua phenol dugc xa khoi bd phan phan Gng hydro hoéa

pheno
phenol, duge biéu thi & dang mol/gidy.

T6t hon 13, mirc chon loc mdi budc & bo phan phan ting hydro héa phenol 1a
16n hon 90%. Tét hon nita 13, mic chon loc nay 16n hon 91%, vi du l6n hon 92%,
93%, 94%, 95% hodc 96%.

Tt hon 13, mtc chuyén héa phenol & mdi buéc & bd phan phan tmg hydro hoa
phenol 12 16n hon 86%. Tét hon nita 13, mic chuyén hoa nay I16n hon 88%; vi du 16n
hon 90%, 92%, 94%, 96%.

Pha gidu xyclohexanol dugc xac dinh 1a pha c6 ham luong xyclohexanol 16n
hon 50% trong lwgng, tét hon 13 16n hon 75% trong lugng va tham chi t6t hon nita 1a
16n hon 85% trong lugng.

Pha hitu co gidu xyclohexanon dugc xac dinh la pha c¢6 ham lugng
xyclohexanon 16n hon 98% trong luong, t6t hon 13 16n hon 99% trong lwgng va thdm
chi t&t hon nita 14 16n hon 99,5% trong lugng.

Xyclohexanon dugc san xuit mot cach kinh t& v6i muc chuyén héa phenol cao,
muc chon loc san phém cao, do tinh khiét san phém cudi cao va muc tiéu thu ning
lugng thuc gidm. |

O bd phan phan tmg hydro héa phenol, xyclohexanon va xyclohexanol dugc tao
ra trong quy trinh lién tuc nho hydro hoéa phenol cé xuc tac. Chét xtic tac hydro hoa
dugc dung chii yéu 1a chit xuc tac hydro héa (c6 nén) bt ky c6 kha ning xic tac phan
tng hydro hoéa phenol. Thong thuodng, chit xuc tac hydro hoa (c6 nén) bao gdm mot
hodc nhiéu mdt hodc nhiéu kim loai c6 hoat tinh xuc tic va bao gém chét ta'mg xuc tac.
Mot hodc nhiéu kim loai nay co thé duogc chon loc cu thé tir nhém bao gém paladi,
platin, ruteni, rodi, iridi, rubidi va osimi. Paladi, platin hodc hén hgp cua chung la cac
kim loai ¢6 hoat tinh xdc tac dugc uu tién, cu thé 1a cho phan ng hydro héa phenol,
dic biét cho phan tmg hydro hoéa thanh xyclohexanon hogc hdn hgp cuia xyclohexanon

va xyclohexanol, trong d6 xyclohexanon la thanh phan chinh trong s hai thanh phin
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nay. No6i chung, chit mang bét ky c6 thé duoc st dung thich hop dé ding trong phan
g hydro héa hop chéit quan tdm, két hop véi nguyén liéu xdc tic ma né mang. Céc
chit mang cu thé thich hop c6 thé dugc chon tir nhém bao gdm nhém oxit, cacbon
hoat tinh, titan oxit, caxi cacbonat va mudi than. Chét mang khac ma cé thé dugc sir
dung 1a silic oxit. Chét mang dic bi€t dugce uvu tién vi c6 do 4n dinh tt trong céc diéu
kién phan Ung va/hodc muc chuyén héa duge cai thién 1a chét mang dugc chon tir
nh6ém bao gdm nhdm oxit va cacbon hoat tinh.

Nhom oxit ddc biét duge wu tién 1am chit mang cho mdt phuong an trong d6
phenol dugc hydro héa duge cip vao thing phan tmg & dang hoi.

Cacbon hoat tinh dac biét dugc vu ti€n lam chét mang cho mt phuong én trong
d6 phenol duoc hydro héa duge cip vio thing phan tng & dang 14ng.

Tét hon 13, chét xtc tac phan ing hydro hoa dugc dung 1a chét xuc tac co nén,
bao gdm chit tang xiic tac chira mudi kim loai kiém hodc kim loai kiém thd. Tét hon
13, chét xuc tac phan ng hydro héa duge dung 1a chit xuc tic c6 nén, bao gdm chit
ting xuc tac dugc chon tir nhém bao gdm cac hydroxit kim loai kiém, cac hydroxit
kim loai kiém thd, cac oxit kim loai kiém thd, cac (bi)cacbonat ciia kim loai kiém va
céc (bi)cacbonat ctia kim loai kiém thd.

Chét tang xuc tac dugc bd sung vao dé lam ting thoi gian hoat tinh va murc
chon loc ddi vé6i san phAm mong mudn cta chit xdc tic. Thoi gian hoat tinh ngin tirc
13, tc do khir hoat tinh cao, ¢6 nghia 13 tAn suét gian doan quy trinh dé tai tudn hoan
hodc thay thé chit xuc tac cao, di nhién 13, thoi gian hoat dong gidm va chi phi ting.
Mitc chon loc thdp hon c6 nghia 12 mdt phan doan phenol 16n hon dugc chuyén hoa
thanh san phdm ngoai xyclohexanon.

Hdn hop chét xtc téc/chét mang/chit ting xtc tic dugc uu tién hon 13 paladi
trén chit mang nhom oxit. Ty ¥, Na & dang NaHCO; dugc bd sung 1am chét ting xtc
tac.

Hbn hop chét xic tac/chit mang/chit ting xtc tic dugc wu tién nhit 12 1%
trong lugng paladi trén chit mang nhém oxit, v6i 1% trong lugng Na (& dang
NaHCOj;) dugc bd sung lam chét tang xic tac.

Thung phan tng hydro héa dugc st dung trong by phén phan tmg hydro hoa
phenol c6 thé 13 loai thing phéan g bét ky thich hop dé thuc hién phan ting hydro héa
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hop chét cin dugc hydro hoa, cu thé 14 thung phan mg bit ky thich hop dé thuc hién
phan tng hydro héa phenol. Vi du, thing phan @ng cé thé dwgc chon tir cic thing
phan tmg ting da nap, thing phan tmg huyén phu dic, thing phan tng trao dbi nhiét
loai éng 16ng v&i chit xiic tac trong cic dng va ¢ tao hoi nude va loai thing phan tng
thich hop khéc bt ky. Tét nhét 13, phan tng hydro héa theo sang ché duoc tién hanh
trong thing phan tmg trao ddi nhiét loai ng 16ng. THt nhét 13, trong thiing phan Gng
trao ddi nhiét loai dng 16ng nhu vay, cic dng dugc nap diy chat xidc tac co nén. THt
nhét 13, thung phan tng trao di nhiét loai éng 16ng nhu vy dugc nap nuée, vi du
huc’rc cép ndi hoi hodc nuéc ngung, vio thé tich bén ngodi céc bng dé loai bo nhiét
phan tng, nhd d6 hoi nuée duge sinh ra. Tuy y, hoi nuéc duge sinh ra dugc dung cho
cac myc dich gia nhiét.

Bo phan tach va tinh ché thudng bao gbm mét s6 bd phan chung cit. BO phan
chung cét, nhu duoc st dung & ddy 1a mot thiét bi bao gdm mot cot chung ct hbéc
nhiéu cot chung cAt duogc lép song song, mdi cdt c6 chirc ning nhu nhau, mdt vai cot
trong sb cac cot nay c6 thé 1a cot chung cit chan khong. Ngoai ra, bd phan nay c6 thé
bao gdm c4c phan dién hinh khéc cta thiét bi chung cit, nhu thiét bi dun lai va thiét bi
ngung tu. _

Mirc tiéu thu nang lugng thuc cia quy trinh, duoc biéu thi & dang MJ mdi kg
xyclohexanon dugc san xuét, dugc xac dinh 13 tbng murc nang luong duoc tidu thu béi
c4c budc tiéu thu ning lugng trir di tbng mic ning lugng dugc sinh ra bdi cac bude
sinh nang lugng. Céac budc ti€u thu ning lugng duge xac dinh la cac bude cia quy
trinh trong d6 nhi¢t tr bén ngoai budc quy trinh duge nap vao bude quy trinh thong
qua mdt hodc nhiéu thiét bi trao ddi nhiét. Cac budc sinh ning luong duge xac dinh 1a
c4c budc quy trinh trong d6 nhiét tr bén trong budc quy trinh duge x4 khoi bude quy
trinh thong qua mot hodc nhiéu thiét bi trao ddi nhiét.

Muc tiéu thu hoi nudc thuc, dugc biéu thi & dang kg hoi nudc mdi kg
xyclohexanon dugc san xuét, dugc xac dinh 13 téng lvgng hoi nude duge ti€u thu béi
cac budc tiéu thu hoi nude trir di téng luong hoi nude duge sinh ra & cac budc sinh hoi
nude. Cac budce tiéu thy hoi nude duge xac dinh 1a cac bude quy trinh trong d6 hoi
nude tir bén ngoai budc quy trinh dugce nap vao bude quy trinh thong qua mdt hodc

nhidu thiét bi trao dbi nhiét. Cac budc sinh hoi nuée duge xac dinh 1a cic bude quy
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trinh trong d6 hoi nuéc thu duge tir bén trong budc quy trinh dwgc x4 khdi bude quy
trinh thong qua mdt hozc nhiéu thiét bi trao d6i nhiét.

Tbt hon 1a theo sang ché, dé dat dugc muc tinh khiét cua xyclohexanon béng
99,5% trong lugng, mirc ti€u thu ning lugng thuc duoc biéu thi & dang MJ mdi kg
xyclohexanon dugc san xuit 1a nhé hon 3 MJ/kg xyclohexanon dugc san xuét. T6t hon
nita 1a mirc tiéu thu ning lurgng thuc nay 1a nho hon 2,5 MJ/kg xyclohexanon dugc san
xuét, vi du nhé hon 2 MJ/kg hodc nho hon 1,7 MJ/kg.

Tét hon 1a theo sang ché, dé dat dugc murc tinh khiét cua xyclohexanon béng
99,5% trong lugng thi muc ti€u thu hoi nuéc thuc, duoc biéu thi & dang kg hoi nuéc
mdi kg xyclohexanon dugc san xuét 1a nhé hon 1,5kg hoi nuée mdi kg xyclohexanon
dugc san xuét. Tét hon nita 12 méc tiéu thu hoi nude thuc 13 nhd hon 1,0 kg hoi nuée
mdi kg xyclohexanon dugc san xuét, vi du nhé hon 0,8 kg hoi nuéc/kg.

Mic tiéu thu nang lugng thuc ctia quy trinh cling ¢ thé duogc biéu thi & dang kg
hoi nudc mbi kg xyclohexanon dugc san xuét. Entanpy (trung binh) ctia mirc bay hoi
nuéce thanh hoi nuée, duge biéu thi & dang MJ/kg hoi nuéc nén dugce st dung lam hé
sé chuyén hoa, ma da biét d6i v6i ngudi c6 hidu biét trung binh trong linh vyc ky thuat
nay.

Theo mdt phuong an khéc, sdng ché d& xuét thiét bj hoa hoc hoat dong lién tuc
0 quy md cong nghiép dé san xuét va thu hdi xyclohexanon tir phenol va hydro, trong
d6 thiét bi nay bao gbdm: -

I) bd phan thyc hién phan ung hydro hoa phenol [I] bao gbm thing phan tmg
hydro héa phenol trong d6 phenol dugc hydro hoa bang khi hydro, khi c6 mit chat xuc
tac chtra platin va/hodc paladi, nhd d6 nhiét phan g duoc sinh ra va dong san phdm
dugc hydro héa dugc xa ra;

II) b6 phan tach va tinh ché [1I] trong d6 xyclohexanon dugc tach ra khéi dong
san phdm d4 hydro hoa nay bang nhiéu budc bao gbm:

i. bd phan chung cét thir nhét, trong d6 cac thanh phan c6 diém soi thip
hon xyclohexanon dugc loai;

ii. bd phan chung cét thit hai, trong d6 xyclohexanon dugc loai;

iii. bd phan chung cit tht ba, trong d6 pha gidu xyclohexanol dugc loai;

va

-13-



28835

iv. b6 phan chung cét thir tu, trong d6 hdn hop chira phenol va

xyclohexanol dugc loai;

trong do6 xyclohexanon ndy cé ham lugng xyclohexanol nhé hon 5000 ppm

(trong lugng/trong lugng);

trong d6 it nhit mot phin nhiét phan ung duoc sinh ra & bd phan phan ting
hydro hoa phenol [I] duoc sir dung d& sinh hoi nuéc; va

trong d6 hdn hop chira phenol va xyclohexanol dugc loai & buéc viii) dugc nap
vao by phén phan tng hydro héa phenol [I];

khac biét & chd it nhit mot trong s6 cac diéu kién a) hodc b) dugc ap dung:

a. ty 1€ mol cia xyclohexanon so véi phenol dugc nap vao thung phan Ung
hydro héa phenol nay 12 ndm trong khoang tir 0,02 dén 0,10;

b. ty 1€ mol cla xyclohexanol so. véi phenol dugc nap vao thung phan tng
hydro héa phenol nay 12 ndm trong khoéng tir 0,001 dén 0,10.

Théng thuong, bd phén phan tng hydro héa phenol [I] bao gbm:

- bd phan trao dbi nhiét dugc gia nhiét bang hoi nudc [a], dé gié ﬁhiét nguyén
lidu cip phenol méi;

- bd phan bay hoi dugc gia nhiét b%mg hoi nuée [b], dé lam bay hoi phenol;

- bd phan trao dbi nhiét dugc gia nhiét bang hoi nude [c], dé gia nhiét nguyén
lidu cdp hydro méi;

thiét bj tinh ché hydro [d], d& tinh ché nguyén liéu cip hydro méi nhd chuyén
hoa CO c¢6 xuc tac, va loai bé H,S béng chét hép phu;

- bd phan trao dbi nhiét dugc gia nhiét bang hoi nudc [e], dé gia nhiét nguyén
liéu cAp gdm phenol di bay hoi va khi hydro;

- b6 phén hydro hoa phenol [f], dé hydro héa phenol & pha khi va tao ra hoi
nude tir nwdc lam mat,

- bd phén trao dbi nhiét [g], d& chuyén nhiét tir dong san phdm hydro hoa
phenol dén nguyén liéu c4p tai tudn hoan hydro;

- bd phan trao ddi nhiét [h], dé thu hdi nhiét tir dong san phidm hydro hoa
phenol;

- bd phén trao d6i nhiét dwoc lam mat bang nude [i], ¢ 1am mat dong san phdm

hydro héa phenol;
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- bd phan tach khi-16ng [j], dé tach khi hydro tir dong san pham hydro héa
phenol;

- bd phan nén [k], & nén khi hydro dugc tach ra; va

- (tuy y) b0 phén trao dbi nhiét [m] dé 1am mat khi hydro da nén.

Tét hon 13, bd phan hydro hoa phenol [I] bao gdm mot hoic nhiéu thing phan
mg hydro hoa loai éng 1dng dé hydro héa phenol & pha hoi ma, trong trudong hop bd
phan ndy c6 hai hoic nhiéu thung, hoat dong song song va nudc dugc st dung lam
chit 1am mét duoc 1am bay hoi dé tao ra hoi nuéc.

Tét hon 13, b phén trao ddi nhiét [h] dugc dung dé thu hdi nhiét tir dong san
phim hydro héa phenol va chuyén né dén bd phan tach hydro xyclohexanol.

MG ta viin tit hinh vé

Fig.1 thé hién bing so d6 quy trinh tach va thu hdi xyclohexanon tir phenol theo
sang ché.

Fig.2 thé hién bing so dd mot phuong 4n ctia bd phén thyc hién phan tmg hydro
héa phenol [I] theo sang ché.

Fig.3 thé hién bing so d6 mot phuwong 4n clia by phan tach va tinh ché [II] theo
sang ché.

Fig.4 thé hién b%lng so dd mot phuong an cua bd phén thuc hién phan Ung tach
hydro xyclohexanol [III] theo sang ché.

MO ta chi tiét sang ché

Quy trinh diéu ché va thu hdi xyclohexanon tir phenol dugc thé hién bang so dd
néu trong Fig.1. Quy trinh nay thuong bao gbm hai bd phan va tity ¥ mot bd phén thi
ba. Ca ba bd phan nay duogc thé hién.

Xyclohexanon duge diéu ché trong bo phan thuc hién phan Gng hydro héa
phenol [I].

Trong bd phan tach va tinh ché [1I], xyclohexanon dugc thu hdi.

$ bd phan thuc hién phan Gng tich hydro xyclohexanol tay y [II],
xyclohexanol dugc chuyén héa nhd xuc tac thanh xyclohexanon va hydro.

Cu thé 13, bd phan thuc hién phan tng hydro héa phenol nay [I] bao gbm thing
phan tmg hydro héa (ma trong khi st dung duogc cung cip dong hydro qua dng din

[A], dong phenol méi qua dng din [B] va dong chita phenol dugc téi tudn hoan qua
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6ng din [E]) va c6 thé bao gdm thiét bi khac. Vi du, xem Fig.1 trong tai li¢u cia
Musser, hoic trong patent My s US 3,305,586. Phan tmg hydro héa c6 thé dién ra
trong quy trinh & pha hoi hodc trong quy trinh & pha 1éng. Tir by phén phan ung hydro
héa phenol nay [I], mdt dong khi 1am sach chtra hydro va tuy y céc khi tro nhu nito
va/hodc metan dugc x4 qua 6ng din [C], va dong san phdm chira xyclohexanon,
phenol va cac san phdm phy, nhu xyclohexanol thu dugc tir bd phan phan tng hydro
hoa phenol dugc x4 qua éng din [D]. Dong san phdm thu dugc tir bd phan phan ung
hydro hoa phenol dugc cp qua éng din [D] dén bo phén tach va tinh ché [11]. G b
phan tach va tinh ché [II] xyclohexanon, phenol va cic sin phim phuy, nhu
xyclohexanol, thuong dugc thu hdi. Tuy y, dong san phdm chira xyclohexanol va
xyclohexanon thu dugc tir b phan phan Ung tach hydro xyclohexanol dugc cip qua
bng dan [K] dén bd phan tach va tinh ché [II], dé thu hoi thém xyclohexanon va cac
san phAm phy, nhur xyclohexanol.

Tir bd phan tach va tinh ché nay [II] mot dong chtra phenol tai tudn hoan dugc
x4 ra qua 6ng din [E], mot dong céc thanh phin nhe, tiy y bao gdm benzen,
xyclohexan va nuéc, dugc xa ra qua 6ng dan [F], mdt dong xyclohexanon dugc xa ra
qua 6ng dan [G], mot dong cac thanh phin ning bao gbm phenol va cac thanh phan c6
diém s6i cao hon duoc x4 ra qua 6ng din [H], va mot dong chira xyclohexanol dugc x4
ra qua dng dan [J]. Tuy y, mot dong chira xyclohexanol dugc cép qua éng din [J] dén
bd phén phan ng tach hydro xyclohexanol [III]. Tuy y, dong chira xyclohexanol dugc
X4 ra tir quy trinh diéu ché va thu hdi xyclohexanon tir nguyén liéu phenol va vi thé
duoc st dung hodc dugc cép cho quy trinh khéac (khdng duoc thé hién trén Fig.1).

B6 phén phan ung taich hydro xyclohexanol [III] thudong bao gdm thing phan
tng tach hydro va mot hodc nhiéu thiét bi trao dbi nhiét. Trong b phan phan tng tich
hydro xyclohexanol, xyclohexanol dugc chuyén hoa nhd xtic tac thanh xyclohexanon
va hydro. N6i chung, phan tng tach hydro xyclohexanol la phan ing & pha khi duoc
tién hanh & nhiét do trén 200°C. Tay y, dong san phdm chira xyclohexanol va
xyclohexanon thu dugc tir bd phén thyc hién phan Gng tach hydro xyclohexanol dugc
cép qua 6ng din [K] dén bod phén tach va tinh ché [II]. Hydro dugc sinh ra & bo phan
phan Ung tach hydro xyclohexanol [III] dugc x4 ra qua 6ng dan [L]. vTuy y, hydro
dugc sinh ra & b phdn phan ing tach hydro xyclohexanol [IH] dwoc cép cho bd phan
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phan tng hydro héa phenol [I] (khdng dugc thé hién trén Fig.1). Tuy y, hydro dugc
sinh ra & bd phan phan ng tach hydro xyclohexanol [III] dugc cip cho quy trinh tiéu
thu hydro khac (khong duoc thé hién trén Fig.1). Tﬁy ¥, hydro dugc sinh ra & bd phén
phan tng tach hydro xyclohexanol [III] dugc cdp cho thiét bi sinh nhiét (khong dugc
thé hién trén Fig.1).

O Fig.2 thé hién so d6 ctia mot phuong 4n theo sang ché vé b6 phéan phan tmg
hydro héa phenol [I].

Dong phenol méi dugc nap qua 6ng dan [1] va dong chira phenol dugc tai tudn
hoan dugc nap qua éng din [2], nho d6 tao ra dong két hop chdy qua éng din [3].
Dong chita phenol dwoc tai tudn hoan ma dugc nap qua dng din [2] dugc xa ra khoi bd
phén tach va tinh ché [II] (ng din [E] trén Fig.1; éng din [2] trén Fig.3). Dong két
hop ma chay qua 6ng din [3] dugc gia nhiét trong b phén trao dbi nhiét [a] va dong
gia nhiét thu dugc duoc x4 ra qua 6ng dan [4] va duoc nap vao bd phan bay hoi [b].
B phén trao dbi nhiét [a] bao gém mot hodic nhiéu thiét bi trao ddi nhiét mé‘t hoat dong
song song vi/hoic ndi tiép. Ty ¥, thiét b trao dbi nhiét [a] 12 khong c6 hodc dugc bd
qua (khong dugc thé hién trén Fig.2).

Khi hydro méi duoc nap qua dng dan [5] vao bd phén phan ung hydro héa
phenol [I]. N6i chung hydro méi dugc 14y tir thiét bi cracking ddu md nhe, thiét bi
trung chinh metan hodc quy trinh dién phan. N6i chung khi hydro méi chira cac thanh
phén khi tro nhu nito va/hoic metan. Trong trudng hop khi hydro méi chtra cac thanh
phﬁn ¢0 hai, nhu CO va/hoac H,S, thi budc tinh ché khi hydro 1a can thiét. Su c6 mat
clia cac thanh phén c6 hai nay trong khi hydro méi c6 thé 1a tam thdi, vi du do cac didu
kién x4o trdn trong thiét bj san xuét khi hydro méi, hodc ¢6 thé 1a vinh vién. O budc
tinh ché hydro nay, cac tap chat c6 hai c6 thé duoc chuyén héa thanh cac thanh phan
tro hodc dugc loai bo khoi dong khi hydro mdi.

Khi hydro méi duoc nap qua dng din [5] t6i bd phan trao dbi nhiét [c]. O bd
phén trao dbi nhiét [c] nhiét d6 cua khi hydro méi dugc didu chinh dén nhiét do can
thiét trong thiét bi tinh ché hydro [d]. N6i chung, & by phan trao ddi nhiét [c] nhiét dé
cta khi hydro méi dugce tang 1én. Khi hydro méi duoc diéu chinh nhiét do dugc xa ra
khéi bd phan trao ddi nhiét [c] qua 6ng din [6] va duoc nap vao bd phan tinh ché

hydro [d]. B6 phan trao ddi nhiét [c] bao gdm mét hodc nhiéu thiét bi trao ddi nhiét

-17-



28835

hoat dong song song va/hoic ndi tiép. Tuy ¥, bd phéan trao dbi nhiét [c] 1a khong co
mit hodc duoc bd qua (khong duge thé hién trén Fig.2). B6 phan tinh ché hydro [d] ¢6
thé chira mot hoiic nhiéu chét xac tac dé chuyén héa céc thanh phﬁn ¢6 hai thanh céac
thanh phén tro va/hodc mot hodc nhiéu chét hép phu dé loai bo céac thanh phén ¢0 hai.
N6i chung, b phan tinh ché hydro [d] chira chit xuc tac dé chuyén héa CO va/hoic
chit hip phu dé loai bé H,S. Khi hydro dugc xa ra khoi bo phan tinh ché hydro [d] qua
bng dn [7]. Khi hydro trong éng din [7] va khi hydro ti tudn hoan trong dng dan [23]
dwoc két hop lai, nho d6 tao ra dong chay ra qua dng din [8], dugc nap vao bo phan
bay hoi [b]. B6 phan tinh ché hydro [d] bao gdbm mot hodc nhiéu thiét bi hip phu
va/hodc phan tng hoat dong song song hoic ndi tiép. Tuy y, bd phan hydro héa [d] 1a
khong c6 mit hodc dugc bd qua (khong duoc thé hién trén Fig.2).

O bd phén bay hoi [b] gén nhu toan bd cic thanh phin ma di vao qua dng din
[4] va qua dng din [8] dugc 1am bay hoi. Dong gbdm cac thanh phan khi dugc xa ra
khoi bo phan bay hoi [b] qua éng din [10]. M6t lugng nhé cac thanh phan ma di vao
qua éng dan [4] va qua dng din [8] khong dugc 1am bay hoi va dugc x4 ra (lién tuc
hoidc theo mé&) khoi bd phéan bay hoi [b] qua dng dan [9]. Néi chung, bd phén bay hoi
[b] dugc gia nhiét bang hoi nudc. Néi chung, bd phan bay hoi [b] bao gdm thiét bi, vi
du thiét bi ngan khong cho swong mu dong lai trén day mit lu6i, d loai cac giot nhé
bi cudn vao tir dong bao gdm cac thanh phan thé khi ma dwgc x4 ra. Bo phén bay hoi
[b] bao gdm mdt hogic nhidu thiét bi lam bay hoi ma hoat dong song song va/hodc nbi
tiép. Tuy y, dong gdm cac thanh phén thé khi trong 6ng dan [10] duoc diéu chinh nhiét
@5 & bd phén trao dbi nhiét [e]. N6i chung, & bo phan trao dbi nhiét [e] dong gdm cac
thanh phan thé khi dugc lam ting nhiét d6. Dong dugc diéu chinh nhiét do dugce xé ra
khoi bo phén trao ddi nhiét [e] qua éng din [11]. BO phén trao ddi nhiét [e] bao gdbm
mdt hogic nhidu thiét bi trao dbi nhiét hoat dong song song va/hozc nbi tiép. Ty y, mot
lugng nhé nudce, vi du & dang hoi nudce, dugce bd sung qua éng din [12] vao dong
trong éng dan [11] va nho d6 tao thanh dong chiy qua dng dan [13], dwoc nap vao b
phan hydro héa phenol [f]. Bd phan hydro hoa phenol [f] bao gdm mot hodc nhiéu
thung phan tng hydro hoa hoat déng nbi tiép va/hodc song song. O bd phéan hydro hoa
phenol [f] thu dugc xyclohexanon va xyclohexanol trong quy trinh lién tuc bang cach

hydro héa phenol nh¢ xuc téc.
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Pé rd hon b phan hydro hoa phenol [f] 12 mét trong sé céc bd phén trong bd
phén phan tng hydro héa phenol [I].

Hbn hop khi gdm hydro, phenol, xyclohexanon va xyclohexanol dugc xa ra
khéi bd phan hydro héa phenol [f] qua éng dan [14]. O bd phan trao ddi nhiét [g] hdn
hop khi nay duoc trao dbi nhiét v6i hdn hop khi chira hydro ma dugc nap vao bd phan
trao dbi nhiét [g] qua éng din [22]. O bd phén trao dbi nhiét [g] hdn hop khi dugc nap
qua 6ng din [14] dugc lam mat, trong khi d6 hdn hop khi chira hydro dugc nap qua
6ng din [22] dugc gia nhiét. Hon hop khi dugc 1am méat chia hydro, phenol,
xyclohexanon va xyclohexanol dugc xa ra khéi by phén trao dbi nhiét [g] qua éng din
[15]. Bo phan trao ddi nhiét [g] bao gdm mot hodc nhiéu thiét bi trao dbi nhiét hoat
dong song song va/hodc ndi tiép. Tuy y, by phéan trao dbi nhiét [g] khong c6 hodc dugc
b6 qua (khong dugc thé hién trén Fig.2). Hon hop khi dugc lam mat chta hydro,
phenol, xyclohexanon va xyclohexanol dugc van chuyén qua 6ng din [15] va duoc
nap vao bd phén trao d6i nhiét [h], trong d6 hdn hop nay con dugce lam mat tiép va nho
d6 tuy y phin doan chira phenol, xyclohexanon va xyclohexanol dugc ngung tu. Tuy
y, dong chay cia quy trinh thu dugc tir bd phén tach va tinh ché [II] ho#c tir bd phan
phéan g tach hydro xyclohexanol [III] (khong dugc thé hién trén Fig.2) dugc ding
1am dong 1am mat. Tét hon 13, dong chay cia quy trinh dwgc nap vao bo phan chung
ct thir nhit trong bd phén tach va tinh ché [II] duge ding 1am dong lam mat, nho vay
dong nay dugc gia nhiét (khong duoc thé hién trén Fig.2). Bo phan trao ddi nhiét [h]
bao gbm mdt hodc nhiéu thiét bi trao dbi nhiét hoat dong song song va/hoic nbi tiép.
Tay ¥, bd phén trao dbi nhiét [h] khong c6 hodc dugc bd qua (khéng dugc thé hién
trén Fig.2).

Hon hgp dugc lam mat thém chira hydro, phenol, xyclohexanon va
xyclohexanol dugc van chuyén qua dng din [16] va dugc nap vao bd phén trao adi
nhiét [i], trong d6 hdn hgp nay con duoc lam mat thém, nho d6 it nhit mot phén doan
chira phenol, xyclohexanon va xyclohexanol dugc ngung tu trong bd phéan trao dbi
nhiét [i]. Bo phén trao dbi nhiét [i] bao gdm mot hoic nhiéu thiét bi trao dbi nhiét hoat
dong song song va/hodc ndi tiép. Hon hop chira khi hydro va phenol dang léng,
xyclohexanon va xyclohexanol dwgc xa ra khéi b phan trao ddi nhiét [i] qua dng din

[17] va dwoc nap vao bd phan tach khi-16ng [j]. BO phan tach khi-1éng [j] bao gdm mot
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hodc nhiéu thiét bi tach khi-1éng hoat déng song song va/hoic ndi tiép. Hon hop long
chira phenol, xyclohexanon va xyclohexanol dugc xa ra khoi by phéan tach khi-1dng [j]
qua 6ng din [18] va dugc nap vao bd phén tach va tinh ché [II] duogc thé hién trén
Fig.3. Hon hop khi chita hydro dugc xa ra khéi bo phéan tach khi-long [j] qua éng dan
[19] va dugc nap vao bd phan nén [k]. B phan nén [k] bao gdm mot hoic nhidu thiét
bi dé nén hdn hop khi hoat dong song song va/hoic ndi tiép. Hdn hop khi d nén dugce
x4 ra khoi bd phan nén [k] qua dng din [20]. N6i chung, bd phéan tich khi-16ng [j] bao
gbm thiét bi, vi du thiét bi ngin khong cho suong mu dong lai trén day mét luoi, dé
loai bd cac giot nhd bi cudn vao tir dong céc thanh ph?m thé khi ma duogc x4 ra. Hon
hop khi d3 nén dugc xa ra qua éng din [20] dugc tach thanh hdn hop khi da nén dugc
vén chuyén qua éng din [21] va hén hop khi da nén dwgc van chuyén qua éng dén
[22]. Hn hop khi da nén dugc van chuyén qua 6ng din [22] dugc nap vao bo phan
trao ddi nhiét [g], tai ddy hdn hop khi nay dugc gia nhiét. Tuy y, bd phan trao dbi nhiét
[g] khong c6 hodc duge bd qua (khong dugce thé hién trén Fig.2). Hon hop khi da gia
nhiét, khi hydro dugc tai tudn hoan, dugc xa ra qua 6ng dan [23] va sau d6 dugc két
hop véi khi hydro trong éng dan [7].

Hbn hop khi d& nén dugc van chuyén qua éng din [21] dugc nap vao bd phan
trao dbi nhiét [m], trong d6 hdn hop khi da nén dugc lam mat. Chét 16ng duoc tao ra &
bd phén trao dbi nhiét [m] duogc x4 ra qua 6ng dan [25] va dugc nap vao b phan tach
khi-1éng [j]. H6n hop khi d4 lam mat thu dugc & bd phan trao d6i nhiét [m] duoc x4 ra
qua 6ng din [24]. N6i chung, hdn hgp khi dugc x4 ra qua 6ng dan [24] chira hydro va
mdt hodc nhidu thanh phan khi tro, nhu nito va/hosic metan. Tuy ¥, hdn hop khi nay
duoc x4 ra qua 6ng din [24] dugc dung lam nhién liéu. |

Trén Fig.3 thé hién so d6 ctia mdt phuong 4n theo séng ché v& bo phan tach va
tinh ché [I1].

Hdn hgp 16ng chita phenol, xyclohexanon va xyclohexanol dugc xa ra khéi bd
phan phan tmg hydro héa phenol [I] qua éng din [18] (Fig.2) tiy ¥ c6 thé dugc két
hop véi hdn hop 16ng chita xyclohexanon va xyclohexanol dugc xa ra khoi by phén
phan tng tach hydro xyclohexanol [III] qua 6ng dan [26] (Fig.4) nhd d6 tao thanh

dong chay qua 6ng din [27], dugc nap vao bd phan luu gifr trung gian [n].
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Bo phan luu giit trung gian [n] bao gdbm mot hodc nhiéu thiét bi luu giwr, vi dy,
binh, thing, d6 chtra. Tty ¥, bd phan luu giit trung gian [n] khéng c6 mit hodc duoc
b6 qua (khéng duoc thé hién trén Fig.3). Hon hop 16ng chita phenol, xyclohexanon va
xyclohexanol dugc xa ra khoi b phén luu giit trung gian [n] qua éng dan [28] duoc
nap vao bd phan trao ddi nhiét [h], tai day hdn hop nay dugc gia nhiét. O bo phén trao
dbi nhiét [h] hdén hop khi dwgc lam mét chia hydro, phenol, xyclohexanon va
xyclohexanol dugc vén chuyén qua éng din [15] (xem Fig.2) hoat dong nhu méi
truong gia nhiét. Dong da gia nhiét dugc xa ra khdi by phén trao ddi nhiét [h] dugc
nap vao by phén chung cit thir nhit [o] qua dng din [29]. B6 phan trao dbi nhiét [h]
bao gém mdt hodc nhiéu thiét b trao dbi nhiét hoat dong song song va/hodc ndi tiép.
Tuy y, bd phén trao dbi nhiét [h] khong cé mit hoic dugc bd qua (khong dugc thé hién
trén Fig.3). Ty ¥, hdn hop 1éng van chuyén qua éng din [29] truéce khi duge nap vao
b5 phan chung cét thir nhét [o] dugc gia nhiét trong mot bd phén trao dbi nhiét khac
(khong dugc thé hién trén Fig.3).

Trong bd phén chung cét thir nhit [o] c4c thanh phin nhe, vi du benzen va nuéc
duge loai khéi nguyén liéu cip ma duoc nap qua éng dan [29], nguge lai hdn hop chira
xyclohexanon, phenol va xyclohexanol va cdc thanh phin ning dugc xa ra khéi bd
phan chung cét thi nhét [o] duéi dang phan doan day qua 6ng dan [36] va dugc nap
vao bd phan chung cét thir hai [q]. Bo phan chung cét thir nhét [0] bao gdm mot hodc
nhidu cdt chung cit hoat dong ndi tiép va/hoic song song. Tt hon 13, bd phan chung
cAt thir nhét [o] dugc hoat dong & ap sudt dudi 0,2MPa. Tdt hon 13, (c4c) cdt chung cht
& bd phan chung cAt thir nhét [0o] duogc trang bi khay va/hodc bao bi, tdt hon nira la
khay. (Céac) cft chung cit dugc trang bi mot hodc nhiéu thiét bi dun lai. Tét hon 13,
thiét bi dun lai nay dugc diéu chinh béng hoi nuéc. Hoi nudc & phia trén dugc xa ra
khoi bd phén chung cét thir nhit [o] qua dng din [30] va dugc ngung tu trong b phan
ngung tu [p]. Trong bd phén ngung tu [p] ba pha dugc tao ra: pha khi chtra khi hydro
dugc xa ra qua éng dan [31], pha nuéc dugc x4 ra qua dng din [32], va pha hitu co
duoc x4 ra qua 6ng din [33]. Ty ¥, pha khi chira khi hydro dugc xa ra qua éng dan
[31] dugc chuyén dén 16 d6t (khong dugc thé hién trén Fig.3). Ty ¥, pha nudc dugc
xa ra qua 6ng din [32] duoc chuyén dén hé théng xtr Iy nudc thai (khong dugc thé

hién trén Fig.3). Pha hitu co dugc x4 ra qua dng din [33] duoc tich ra va mot phan
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dugc nap vao bd phan chung cit thir nhit [o] & dang dong hdi luu qua dng din [34] va
phén khéc dugc xa ra & dang céc thanh phan nhe qua éng din [35]. Tay ¥, c4c thanh
phdn nhe dwoc xa ra qua éng din [35] dugc nap vao thing dung dich dém (khong
duoc thé hién trén Fig.3). Ty ¥, cac thanh phan nhe dugc xa ra qua 6ng din [35] dugc
chuyén dén 160 d6t (khong dugc thé hién trén Fig.3). BO phan ngung tu [p] chira mot
hozc nhiéu thiét bi ngung tu hoat dong ndi tiép hodc song song. Tity ¥, bd phan ngung
tu [p] bao gdm thiét bi tach 16ng/léng riéng biét dé tach pha nuée dugc xa ra qua éng
dan [32] va pha hitu co dugc x4 ra qua ng dan [33].

Trong bd phan chung cét thir hai [q] xyclohexanon dugc loai ra khéi nguyén
litu cAp ma dugc nap qua dng din [36], trong khi d6 hdn hgp chtra phenol va
xyclohexanol va cac thanh phan ning duoc xa ra khéi bd phan chung cht thir hai [q] &
dang phéan doan day qua éng din [42] va dugc nap vio bd phan chung cit thwr ba [s].
Bo phan chung cét thir hai [q] bao gdm mét hodc nhiu cot chung c4t hoat dong ndi
tiép va/hodc song song. THt hon 13, bd phan chung cit thir hai [q] hoat dong & &p suét
dudi 0,1 MPa. Tt hon 13, (cac) cot chung cét trong bd phan chung cat thtr hai [q]
dugc trang bi cac khay va/hodc bao bi, t6t hon 13 bao bi. (Céc) cot chung cit duogc
trang bi mot hodc nhidu thiét bi dun lai. TSt hon 13, thiét bj dun lai nay dugc diéu
chinh bing hoi nudc.

Hoi nuée & phia trén dugc xa ra khoi bd phan chung cat thi hai [q] qua 6ng dan
[37] va dugc ngung tu trong bo phdn ngung tu [r]. Trong bo phén ngung tu [r] hai pha
duogc tao ra: pha khi chira khi nito va hoi xyclohexanon ma dugc x4 ra qua 6ng dan
[38], va pha hifu co giau xyclohexanon ma dugc xa ra qua 6ng din [39]. Tuy ¥, pha
khi chira khi nito va hoi xyclohexanon ma dugc x4 ra dng dan [38] dugc chuyén dén 1o
d6t (khong dugc thé hién trén Fig.3). Pha hitu co gidu xyclohexanon ma dugc xa ra
qua dng dan [39] duogc tach ra va mot phan duge nap vao bo phan chung cAt thtr hai
[q] & dang dong hdi lvu qua dng din [40] va phin khac dugc xa ra & dang san phdm
cudi qua dng din [41]. Néi chung, san phdm cudi ma dugc xa ra qua ng din [41]
dugc nap vao thing san phim cubi (khong dugc thé hién trén Fig.3). Bo phén ngung
tu [q] bao gdbm mot hogic nhiéu thiét bj ngung tu hoat dong nbi tiép hodc song song.
Tay §, bd phan ngung tu [q] bao gdm thing bom ma tir d6 pha hitu co gidu

xyclohexanon dugc xa ra qua dng dan [39].
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Trong bd phan chung cit thir ba [s] xyclohexanol dugc loai khéi nguyén liéu
cdp ma duoc nap qua 6ng din [42], trong khi d6 hdn hop chira phenol va xyclohexanol
va céc thanh phin ning dugc x4 ra khoi bo phan chung cit thi ba [s] & dang phan
doan day qua 6ng din [48] va duoc nap vao bd phan chung cét thu tu [u]. Bd phan
chung cAt tht ba [s] bao gém m6t hodc nhiéu cot chung cAt hoat dong nbi tiép va/hoac
song song. Tét hon 13, bd phan chung cét thir ba [s] hoat déng & ap suét dudi 0,1MPa.
Tt hon 13, (céc) cot chung cit trong bd phan chung cit thir ba [s] dugc trang bi khay
va/hodc bao bi, t5t hon nita 13 bao bi & phia trén diém tiép liéu. (Céc) cot chung cét
dugc trang bi mot hodic nhidu thiét bi dun lai. Tét hon 13, thiét bi dun lai dugc didu
chinh bang hoi nuéc.

Céc hoi & phia trén dugc xa ra khéi bo phén chung c4t thir ba [s] qua 6ng dan
[43] va dugc ngung tu trong bd phdn ngung tu [t]. Trong bd phén ngung ty [t] hai pha
dugc tao ra: pha khi chtra khi nito va hoi xyclohexanol ma dugc xa ra Qua 6ng din
[44], va pha hitu co giau xyclohexanol ma duoc xa ra qua 6ng dan [45]. Tuy ¥, pha khi
chira khi nito va hoi xyclohexanol ma duoc xa ra qua 6ng dén [44] duge chuyén dén 10
d6t (khong duoc thé hién trén Fig.3). Pha hitu co giau xyclohexanol ma duge x4 ra qua
6ng dan [45] dwoc tach va mot phan duge nap vao bo phan chung cét thir ba [s] & dang
dong hdi Ivu qua éng din [46] va mot phin khac dugc x4 ra qua éng dén [47]. Pha hitu
co giau xyclohexanol ma dugc xa ra qua 6ng din [47] duoc nap vao bd phan thuc hién
phan Gng tach hydro xyclohexanol [III] (Fig.4). Tuy y, mt phén hoic toan bd pha hitu
co gidu xyclohexanol dugc xa ra qua dng din [47] duoc x4 ra ngoai quy trinh dé san
xut va thu hdi xyclohexanon tir phenol (khong dwogc thé hién trén Fig.3). B6 phan
ngung tu [t] bao gdm mot hodc nhidu thiét bi ngung tu hoat dong nbi tiép hodc song
song. Tay ¥, bd phan ngung tu [t] bao gdm thing bom ma tir d6 pha hitu co giau
xyclohexanol dugc x4 ra qua dng din [45].

Trong bd phan chung cét thir tu [u] xyclohexanol va phenol dugc loai khoi
nguyén lidu cdp ma dugc nap qua éng din [48], trong khi d6 hdn hgp chira phenol va
cac thanh phin ning dugc x4 ra khoi bd phan chung cat thi tu [u] dudi dang phan
doan day qua 6ng dan [54] va duoc nap vao bd phan chung cét thir nam tiy y [w]. Ty
¥, hdn hop chira phenol va cac thanh phin ning ma dwgc xa ra khoi bd phan chung cit

tht tr [u] & dang phan doan ddy qua dng din [54] dugc xa ra khoi quy trinh (khong
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dugc thé hién trén Fig.3). Tuy ¥, hdn hop nay chira phenol va cac thanh phén ning ma
dugc xa ra khéi quy trinh qua dng din [54] dwoc nap vao thung dung dich dém (khéng
dwoc thé hién trén Fig.3). Ty y, hdn hop nay chira phenol va cac thanh phin ning ma
duoc xa ra khoéi quy trinh qua dng din [54] dugc chuyén dén 16 d6t (khong duoc thé
hién trén Fig.3).

B§ phan chung cét thtr tu [u] bao gém mdt hoidc nhiéu cot chung cét hoat dong
nbi tiép hodc song song. T6t hon 13, bd phan chung cit thir tir [u] hoat dong & ap suét
dudi 0,1MPa. Tt hon 13, (céc) cot chung cit trong bg phén chung cat thir tu [u] dugc
trang bi khay va/hoic bao bi, t6t hon nita 12 bao bi & phia trén diém tiép liéu va khay &
phia duéi dim tiép lidu. (Cac) cot chung cit duge trang bi mot hozc nhiéu thiét bi dun
lai. Tét hon 13, thiét bi dun lai nay duoc didu chinh bing hoi nudc.

Hoi nu6c & phia trén duoc x4 ra khéi bd phan chung cit thir tw [u] qua éng dén
[49] va dugc ngung tu trong bd phén ngung tu [v]. Trong b phén ngung tu [v] hai pha
duoc tao ra: pha khi chira khi nito va hoi phenol ma dugc xa ra qua dng din [50], va
pha giau phenol va xyclohexanol ma dugc xa ra qua éng din [51]. Tity y, pha khi chira
khi nito va hoi phenol duoc xa ra qua dng din [50] dugc chuyén dén 10 dét (khong
duoc thé hién trén Fig.3). Pha giau phenol va xyclohexanol ma dugc xa ra qua ng din
[51] duoc tach ra va mét phan duoc nap vao bd phan chung cit thir tu [u] dudi dang
dong hdi luu qua 6ng din [52] va mét phan khic duoc xa ra qua dng din [53]. Pha
giau phenol va xyclohexanol ma dugc xa ra qua éng dan [53] dugc nap vao bd phan
thuc hién phan mg hydro héa phenol [I]. Tuy ¥, mét phin hodc toan bd pha gidu
phenol va xyclohexanol ma dwgc xa ra qua éng dan [53] dugc xa ra ngoai quy trinh
(khong duoc thé hién trén Fig.3). BO phan ngung tu [v] bao gém mot hodc nhidu thiét
bi ngung tu hoat dong ndi tiép hoic song song. Ty ¥, bd phan ngung tu [v] bao gdm
thiing bom ma tr d6 pha hitu co giau phenol va xyclohexanol dugc xa ra qua 6ng dén
[51].

Trong bd phéan chung cit thir nim tiy y [w] phenol dugc loai ra khoi nguyén
liéu cAp ma duoc nap vao qua dng din [54], trong khi d6 hdn hop chira phenol va cac
thanh ph?m nang dugc xa ra khdi bo phan chung cit thr nam [w] duéi dang phén doan
day qua 6ng din [60] va dugc x4 ra khoi quy trinh. Ty ¥, hén hop chira phenol va cac

thanh phin ning ma dugc x4 ra khéi quy trinh qua éng dan [60] dwoc nap vao thung
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dung dich dém (khong dwoc thé hién trén Fig.3). Tuy y, hdn hop chira phenol va cac
thanh phén ning ndy ma duoc xa ra khéi quy trinh qua éng din [60] dugc chuyén dén
16 @6t (khong duoc thé hién trén Fig.3).

Bd phén chung cit thir nam [w] bao gf“)m mot hodc nhiéu cot chung cit hoat
dong nbi tiép va/hoic song song. Tét hon 13, bd phan chung cit thir nim [w] hoat dong
& 4p sult dudi 0,1 MPa. Tét hon 13, (cac) cot chung cit trong bd phan chung cét thir
nam [w] dugc trang bi khay va/hogic bao bi, tbt hon nita 1a bao bi & phia trén diém tiép
liéu va khay & phia dudi diém tiép ligu. (Céac) cdt chung cét dugc trang bi mot hodc
nhiéu thiét bi dun lai. Tét hon 13, thiét bi dun lai ndy duoc diéu chinh bing hoi nudc.

Hoi phia trén duoc xa ra khoi bd phan chung cét th nam [w] qua 6ng din [55]
va dugc ngung tu trong b phdn ngung tu [x]. Trong bd phan ngung tu [x] hai pha
duogc tao ra: pha khi chira khi nito va hoi phenol ma dugc xa ra qua éng dan [56], va
pha hitu co giau phenol ma duoc xa ra qua éng dan [57]. Tiy ¥, pha khi chita khi nito
va hoi phenol ma dwgc x4 ra qua éng din [56] dugc chuyén dén 10 d6t (khong duoc
thé hién trén Fig.3). Pha hitu co gidu phenol ma dugc x4 ra qua dng din [57] dugc tach
ra va mot phan dugc nap vao bo phan chung c4t thr nam [w] dudi dang dong hdi luu
qua éng din [58] va mét phin khic dwgc x4 ra qua 6ng dan [59]. Pha hitu co giau
phenol ma dugc x4 ra qua dng din [59] dugc nap vao bd phan thuc hién phan ng
hydro héa phenol [I] (Fig.2). Ty ¥, mot phan hozc toan bd pha hitu co giau phenol ma
duoc x4 ra qua 6ng dan [59] dugc xa ra ngoai quy trinh (khong dugc thé hién trén
Fig.3). Pha hitu co gidu phenol ma dugc xa ra qua éng din [59] va pha hitu co giau
phenol va xyclohexanol ma dugc x4 ra qua éng dan [53] duoc két hop va dugc nap
vao bd phan thuc hién phan tng hydro héa phenol [I] qua éng din [2] (Fig.2). B6 phén
ngung tu [x] bao gém mot hodic nhiéu thiét bi ngung tu hoat dong nbi tiép hodc song
song. Ty ¥y, bd phan ngung tu [x] bao gdm thing bom me‘l‘ tr d6 pha hitu co giau
phenol duoc x4 ra qua dng dan [57].

Trén Fig.4 thé hién so d6 cia mot phuong an theo sang ché vé bd phan phan
ung tach hydro xyclohexanol [III].

Pha hitu co giau xyclohexanol ma dwoc xa ra khoi bd phan tach va tinh ché [II]
qua 6ng din [47] (cling xem Fig.3) dugc nap vao bd phan luu giit trung gian [y]. Bo

phén luu gitr trung gian [y] bao gdm mét hodc nhiéu thiét bj luu giit, vi du binh, thiung,
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dd chtra. Tity ¥, bd phan luu giit trung gian [y] khéng c6 mit hodc duge bd qua (khong
duoc thé hién trén Fig.4). Pha hitu co gidu xyclohexanol ma dugc xa ra khéi bd phéan
lwu giit trung gian [y] dugc nap vao bd phan trao ddi nhiét [z] qua dng dan [61], tai
day pha nay dugc gia nhiét. Trong bd phan trao d6i nhiét [z] hdn hop da 1am mat chira
hydro, xyclohexanon va xyclohexanol ma dwoc van chuyén qua 6ng din [66] hoat
dong nhu 1a mdi truong gia nhiét. Dong dad gia nhi¢t ma dugc xa ra khoi bd phén trao
dbi nhiét [z] duoc nap vao bd phan trao dbi nhiét [a] qua dng din [62]. B6 phén trao
dbi nhiét [z] bao g(‘Sm mdt hodc nhiéu thiét bi trao dbi nhiét hoat dong song song
va/hoidc nbi tiép. Tuy ¥, bd phan trao dbi nhiét [z] khong c6 mit hodc dugc bd qua
(khéng duoc thé hién trén Fig.4). Trong bo phan trao d6i nhiét [a] dong dd gia nhiét
ma dugc x4 ra khoi bd phén trao ddi nhiét [z] qua éng din [62] dugc gia nhiét thém,
nho d6 dong d3 gia nhiét thém duogc tao ra ma duge xa ra qua dng din [63]. B6 phén
trao ddi nhiét [a] bao g@)m mdt hodc nhiéu thiét bi trao ddi nhiét hoat dong song song
va/hodic ndi tiép. T6t hon 13, bd phén trao ddi nhiét [a] dugc gia nhiét béng hoi nudec.
Tiy ¥, bd phén trao dbi nhiét [a] khong c6 mit hoic dugc bd qua (khdng dugc thé
hién trén Fig.4). Dong da gia nhiét thém ma dugc x4 ra khoi bd phan trao ddi nhiét [o]
dwoc nap vao bd phén trao ddi nhiét [B] qua dng din [63], tai ddy dong nay con dugc
gia nhiét thém nita. Trong bd phan trao ddi nhiét [B] hdn hop chia hydro,
xyclohexanon va xyclohexanol ma dugc vin chuyén qua éng dan [65] hoat dong nhu
l1a mdi truong gia nhi¢t. Dong da gia nhiét thém nita ma dugc x4 ra khéi by phén trao
d6i nhiét [B] duoc nap vao bd phan phan ung tach hydro xyclohexanol [5] qua dng din
[64]. BO phén trao ddi nhiét [B] bao g@)m mot hodc nhiéu thiét bi trao ddi nhiét hoat
dong song song va/hoic ndi tiép. Ty v, bd phén trao dbi nhiét [B] khong c6 mit hoic
duoc bd qua (khong duoc thé hién trén Fig.4).

Trong bd phan phan tmg tach hydro xyclohexanol [3] mdt phan xyclohexanol
c6 mit trong dong dd gia nhiét thém nita ma duoc nap qua éng dan [64] dugc chuyén
hoa thanh xyclohexanon va hydro. Vi phan tng tach hydro xyclohexanol héy la phan
Ung thu nhiét nén b phan phan tng tach hydro xyclohexanol [8] dugc gia nhi€t. No6i
chung qué trinh gia nhiét bd phan phan tng tach hydro xyclohexanol [3] duoc tién
hanh véi cac khi 6ng khoi, dau truyén nhiét, cac kim loai dang 16ng hodc hoi nudc 1lam

mdi trudng gia nhiét. Tt hon 13, viéc gia nhiét bd phan phan mg tach hydro
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xyclohexanol nay [8] duoc tién hanh bing hoi nudc hodc diu truyén nhiét lam méi
truong gia nhiét, t6t hon nita 13 bing hoi nuéc. Bd phan phan Gng tach hydro
xyclohexanol [8] bao gdm mot hodc nhidu thing phan {mg tach hydro ma hoat dong
song song vd/hoic ndi tiép. Cu thé 13, thing phan g tach hydro c6 thé 1a loai thung
phan tmg bét ky thich hop dé tach hydro hop chit cAn duoc tach hydro, cu thé 14 thung
phan tmg bét ky thich hop dé tach hydro xyclohexanol. Cu thé 13, thing phan tGng c6
thé dugc chon tir thung phan tmg dang ting da nap, thing phan tng huyén phu dic,
thiét bi trao d6i nhiét loai éng 1dng. Tét nhit 13, qua trinh tach hydro theo sang ché
duoc tién hanh trong thing phan tng trao ddi nhiét loai dng 16ng véi chit xuc tac tich
hydro ndm trong cac éng va méi truong gia nhiét ndm bén ngoai éng. TSt nhit 13, ca
viée cp lidu va xa lidu ciia bd phan phan ung tach hydro xyclohexanol [8] déu dugc
tién hanh & trang thai khi.

Hon hop chira hydro, xyclohexanon va xyclohexanol dugc xa ra khéi bo phan
phan @ng tach hydro xyclohexanol [8] va dugc nap vao bd phén trao dbi nhiét [B] qua
bng dan [65]. Trong bd phéan trao ddi nhiét [p] hdn hop chira hydro, xyclohexanoh va
xyclohexanol dugc 1am mat nhd d6 thu duge hdn hgp di lam mat chia hydro,
xyclohexanon va xyclohexanol ma dugc x4 ra qua dng dan [66]. Hon hop da lam maét
chira hydro, xyclohexanon va xyclohexanol nay dwoc nap vao b phén trao dbi nhiét
[z] qua 6ng din [66]. Trong bd phén trao dbi nhiét [z], hdn hop di lam mét chia
hydro, xyclohexanon va xyclohexanol con dugc lam mét thém nhy d6 thu duge hdn
hop dugc lam mat thém chira hydro, xyclohexanon va xyclohexanol ma dugc x4 ra
qua 6ng din [67]. H6n hop dugc 1am mét thém ndy chira hydro, xyclohexanon va
xyclohexanol dugc nap vao bd phan trao ddi nhiét [€] qua éng din [67]. Trong by phén
trao di nhiét [¢] hdn hop duoc lam maét thém chtra hydro, xyclohexanon va
xyclohexanol con dugc lam mat thém nita nhd d6 thu dwge hdn hop duoc 1am mat
thém nita chtra hydro, xyclohexanon va xyclohexanol ma duoc xa ra qua ng din [68].
Tét hon 13, hdn hop dugc 1am maét thém nita nay chta hydro, xyclohexanon va
xyclohexanol bao gdm pha 16ng chu yéu chira xyclohexanon va xyclohexanol, va pha
khi chra hydro. H6n hop dugc 1am mat thém nita ndy chira hydro, xyclohexanon va
xyclohexanol dugc nap vao bd phan tach khi-1éng [A] qua 6ng din [68]. B phan tach
khi-l16ng [A] bao gdm mot hodc nhiéu thiét bi tich khi-long hoat dong song song
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va/hodc ndi tiép. Hdn hop 16ng chi yéu chura xyclohexanon va xyclohexanol dugc xa
ra khéi bo phén tach khi-1éng [A] qua ng din [26] va dugc nap vao bd phéan tach va
tinh ché [II] (ciing xem Fig.3). H3n hop khi chira hydro dugc xa ra khoi bd phén tach
khi-16ng [A] qua ng din [69]. Ty ¥, hén hop khi chira hydro ma dwoc x4 ra qua 6ng
dan [69] dugc chuyén dén 16 @bt (khong duoc thé hién trén Fig.4). Tay y, hdn hop khi
chira hydro ma dwgc x4 ra qua 6ng din [69] duoc chuyén dén bd phan phéan émg hydro
héa phenol [I] (khdng duoc thé hién trén Fig.4).
Sang ché dugc minh hoa bing, nhung khong chi gi6i han &, cac vi du dudi day:
Vi du thye hién sing ché
Vi du 1 m6 ta thiét bi hoa hoc dé san xuét va thu hdi xyclohexanon tir phenol
bang chét xtic tic hydro héa phenol ma dugc sir dung trong khoang 1 tudn. Vi du 2 mé
t4 thiét bj héa hoc dé san xuit va thu hdi xyclohexanon tir phenol bang chét xuc tac
hydro héa phenol ma dugc st dung trong khoang 9 théng.
Vidu 1.
Thiét bi héa hoc & quy méb coéng nghiép véi cong suét san xuit tinh theo gior 1a
12,5 thn xyclohexanon mdi gid, ma hoat dong theo phuong thirc lién tuc, dé san xuét
va thu hdi xyclohexanon tir nguyén liéu phenol, bao gdm:
- bd phan thuc hi€n phan tng hydro héa phenol [I],
- bd phan tach va tinh ché [II], va
- by phén thuc hi€n phéan Gng tach hydro xycloﬁexanol (1]
nhu dugc md ta trén day va nhu duge mo ta trong FIG.1, 2, 3 va 4 dugc su
dung.
Bo phan phan tmg hydro héa phenol [I] bao gom:
- bd phan trao ddi nhiét dugc gia nhiét bang hoi nudc [a];
- bd phan bay hoi dugc gia nhiét bang hoi nuéc [b];
- bd phan trao ddi nhiét dugc gia nhiét bang hoi nude [c];
- thiét bj tinh ché hydro [d], trong d6 CO duoc chuyén hoa nhd xic tac
va H,S duoc loai bé bdi chat hip phuy;

- bd phan trao ddi nhiét dugc gia nhiét bang hoi nudc [e];
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- bd phan hydro hoéa phenol [f], bao gdm hai thing phan tng hydro hoa
loai 6ng 16ng dé hydro hoéa phenol & pha hoi ma hoat dong song song va nudc
dugc ding 1am chit lam mat dugc bay hoi dé tao thanh hoi nuéc;

- b6 phan trao dbi nhiét [g];

- b phan trao dbi nhiét [h], trong d6 nhiét dugc trao dbi giita bd phan
phan ting hydro hoéa phenol [I] va bd phan tach va tinh ché [II];

- by phén trao dbi nhiét dugc lam mat béng nudec [i];

- by phén tach khi-long [j];

- bo phén nén [k];

- b6 phan trao dbi nhiét [m]; va

- 6ng dan [1] d&én [25]

ma déu dugc sir dung trong qud trinh hoat dong binh thudng cua thiét bi.

Phenol méi dugc nap vao bo phén thuc hién phan irng hydro héa phenol [I] qua

6ng dan [1]. H8n hop khi chira 94% thé tich hydro va 6% thé tich nito dwgc nap vao

b6 phan phan g hydro hoé phenol [I] qua dng din [5] lam khi hydro méi. Trong céc

diéu kién hoat dong binh thuong, mdi ham lugng CO va ham lugng H,S trong khi

hydro méi nay déu duéi 1 ppm. Ty 18 luong hoi nuéc ma duoc bd sung qua éng din

[12] vao dong trong éng dan [11] so véi lugng phenol méi 1 bang 1% trong lugng.

Pd/AL,O3 (1% trong lugng) véi 1% trong lugng Na (nhu NaHCO;) duge bd sung lam

chét tang xuc tac dugc dung nhu 13 chét xdc tac hydro hoa.

B phan téch va tinh ché [II] bao gdm:

- b phén luu giit trung gian [n];

- bd phén trao ddi nhiét [h], trong d6 nhiét dugc trao ddi gilta bo phan
phan tng hydro hoéa phenol [I] va bd phan tach va tinh ché [II];

- bo phéan chung cit thir nhét [o];

- b0 phan ngung tu [p];

- bd phan chung ct tht hai [q];

- b6 phin ngung tu [r];

- bd phén chung cét thi ba [s];

- bd phan ngung tu [t];

- bd phén chung cét tht tu [u];
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- b phén ngung tu [v];
- bd phéan chung cit thir nam [w];
- b0 phan ngung tu [x]; va
- cac 6ng dan [2], [18] va [26] dén [60];
ma déu duoc sit dung trong diu kién hoat dong binh thudng cua thiét bi.

T4t ca cac cot chung ct trong bo phan chung cét thu nhit [o], bd phan chung
cit thtr hai [q], bd phan chung cét tht ba [s], bd phan chung cét thi tu [u], va bo phan
chung cit thr nim [w] duoc trang bi cac thiét bi dun lai dugc didu chinh bang hoi
nudc.

B0 phan thuc hién phan tmg tach hydro xyclohexanol [III] bao gdm:

- b0 phén luu giit trung gian [y];

- bd phén trao ddi nhiét [z];

- bd phén trao dbi nhiét dugc gia nhiét béng hoi nudéce [o];

- by phén trao dbi nhiét [B];

- bd phan phan tmg tach hydro xyclohexanol [8], bao gbm thing phan
mg loai 6ng 16ng;

- bd phén trao dbi nhiét duoc 1am mat bﬁng nudc [g];

- by phén tach khi-l1éng [A]; va

- cac dng din [26], [47] va [61] dén [69];

ma déu duoc st dung trong qua trinh hoat dong binh thudng cia thiét bi.

Mbi truong gia nhi€t dugc st dung trong thung phan Ung tich hydro
xyclohexanol 1a hoi nuée.

Sau khoang 1 tudn sau khi khéi dong thiét bi hoa hoc dé san xuét va thu hdi
xyclohexanon tir phenol bing chit xuc tic hydro héa phenol méi da thu duge cac két
qua sau:

- San phdm cudi, xyclohexanon, ma dwogc xa ra qua 6ng din [41] c6 ham luong
xyclohexanol bang khoang 500 ppm (trong luong/trong lugng) [99,95% trong lugng].

- Ty 1€ mol cua xyclohexanon so véi phenol ma dugc nap vao thung phan tng
hydro héa phenol 1a 0,04.

- Ty 1€ mol cua xyclohexanol so véi phenol ma dugc nap vao cac thung phan

ung hydro héa phenol 14 0,005.
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- Ty 1& mol cia xyclohexanon so v6i xyclohexanol trong dong san phim da
hydro héa trong éng dan [14] 12 16n hon 100.

- Ty 1& mol cua xyclohexanon so v6i xyclohexanol trong dong san phim da
hydro héa dugc xa ra khéi bd phan phan ting hydro héa phenol [I] qua éng dan [18] 1a
16n hon 100.

- Ty 1& mol cta xyclohexanon so vé&i phenol trong dong san phdm hydro héa
trong dng dan [14] 1 16n hon 100.

- Ty 1& mol ctia xyclohexanon so vé6i phenol trong dong san phdm da hydro héa
dugc x4 ra khéi bd phan phan tng hydro héa phenol [I] qua dng dén [18] 14 16n hon
100.

- Mot phin mol ciia nguyén liéu phenol méi ma dwoc chuyén hoa thanh
xyclohexanon la 16n hon 99%.

Mitc tiéu thu ning luong thuc 13 0,7 MJ mdi kg xyclohexanon duogc sén xuét va
mirc tidu thu hoi nuéc thuc 13 0,3kg hoi nuéc mdi kg xyclohexanon dugc san Xuét.
Nho d6 céc bd phén ti€u thu ning lugng la:

- bd phan trao ddi nhiét duoc gia nhiét bang hoi nuéc [a];

- bd phén bay hoi dugc gia nhiét bing hoi nuéc [b];

- bd phén trao ddi nhiét dugc gia nhiét bﬁng hoi nuéce [c];

- bd phan trao d6i nhiét duoc gia nhiét bang hoi nudc [e];

- c4c thiét bi dun lai dugc gia nhiét béng hoi nugc cuia bd phén chung cAt thir
nhét [o], ctia cot chung cit thit hai [q], ctia c6t chung cét thit ba [s], ciia ¢t chung cét
thir tu [u], va ctia cdt chung cit thir nam [w];

- b0 phan trao dbi nhiét dugc gia nhiét bﬁng hoi nude [oc_]; va

- bd phén phan tmg tach hydro xyclohexanol dugc gia nhiét bang hoi nuée [8];
va cac thiét bi sinh ning luong 1a:

- hai thing phan tmg hydro héa dang dng 1dng trong bd phan hydro héa phenol
[£].

T4t ca cac thiét bi tiéu thu ning lugng néu trén ciing 14 cac thiét bi tiéu thy hoi
nude. Tét ca cac thiét bi sinh nang luong néu trén cling dugc goi 1a céac thiét bi sinh
hoi nuéce.

Vidu 2.
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Quy trinh san xudt va thu hdi xyclohexanon tir phenol dwgc tién hanh trong
thiét bi héa hoc gidng nhu dwoc mé ta trong vi du 1, ngoai trir 14 chét xuc tic hydro
hoa phenol dugc dung trong mdt khoang thoi gian 12 9 thang thay vi 1a 1 tudn. Da biét
ring céc chit xtic tac hydro hoa phenol c6 dic tinh thoai hoa, din dén mirc chon loc va
hoat tinh gidm theo thoi gian.

Lic nay thu duoc cac két qua dudi day:

- San phidm cudi, xyclohexanon, ma dwgc xa ra qua dng dan [41] c6 ham lugng
xyclohexanol bang khoang 500 ppm (trong lugng/trong lugng).

- Ty 1€ mol cua xyclohexanon so véi phenol ma dwgc nap vao cac thung phan
ung hydro héa phenol 14 0,04.

- Ty 1€ mol cua xyclohexanol so v4i phenol ma dugc nap vao cac thung phan
ung hydro héa phenol 1a 0,024.

- Ty 1€ mol clia xyclohexanon so véi xyclohexanol trong dong san phidm hydro
hoa trong 6ng dan [14] 1a 12.

- Ty 1&€ mol clia xyclohexanon so véi xyclohexanol trong dong san phim da
hydro héa dugc x4 ra khéi by phan phan ing hydro hoéa phenol [I] qua éng dén [18] 1a
12.

- Ty 1& mol cia xyclohexanon so v&i phenol trong dong san phim hydro héa
trong dng din [14] 1a 14.

- Ty 1& mol ciia xyclohexanon so v6i phenol trong dong san phim da hydro héa
duoc x4 ra khoi bd phan phan tng hydro héa phenol [I] qua éng dén [18] 1a 14.

- Mot phan mol cia nguyén liéu phenol méi ma dwgc chuyén hoéa thanh
xyclohexanon 1a 16n hon 99%.

- Mirc tiéu thu ning lugng thuc 13 1,6 MJ mdi kg xyclohexanon dugc san xuét
va muc tiéu thu hoi nuée thue 13 0,7 kg hoi nuée mdi kg xyclohexanon duge san xuét.

Nho d6 céc thiét b tiéu thu ning luong va céc thiét bi tidu thy hoi nude va cac
thiét bi sinh niing lwong va céc thiét bi sinh hoi nudce 1a gidng nhu trong vi du 1.

Ocavidulvavidu2

- mic chon loc & mbi bude trong bd phan phan ung hydro héa phenol 13 16n

hon 93%, va
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- mitc chuyén hoéa phenol & mdi budc trong bd phén hydro héa phenol 1a 16n
hon 91%.
O ca vi du 1 va vi du 2 hon 80% nhiét phan Gng dugc sinh ra trong bd phéin

phan g hydro héa phenol dugce ding dé tao ra hoi nude.
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YEU CAUBAO HQ

1. Quy trinh san xuét va thu hdi lién tuc xyclohexanon tir phenol va hydro & quy moé
cdng nghiép, trong d6 quy trinh nay bao gdm céac budec:
I) hydro héa phenol trong thung phan tng hydro héa phenol & bd phin phéan g hydro
héa phenol [I] bang khi hydro, khi c¢6 mt chét xuc tc chua platin va/hodc paladi, nho
d6 nhiét phan tng dugc sinh ra va dong san phim da hydro hoa dugc xa ra;
IT) tach xyclohexanon ra khéi dong san phdm da hydro héa nay trong bd phéan tach va
tinh ché [II] bing nhiéu budc bao gbm:

i. loai céc thanh phén c6 diém s6i thdp hon xyclohexanon trong bd phén chung
cét thir nhit;

ii. loai xyclohexanon trong bd phan chung ct thir hai;

iii. loai pha gidu xyclohexanol trong bd phan chung cét thi ba; va

iv. loai hon hop chira phenol va xyclohexanol trong bd phan chung cét thir tu;
trong d6 xyclohexanon nay c6 ham lugng xyclohexanol dudi 5000ppm (trong
lugng/trong luong);
trong d6 it nhat mot phan nhiét phan tng sinh ra trong bd phén phéan Ung hydro hoa
phenol [I] dugc dung dé tao ra hoi nuédce; va
trong d6 hdn hgp chira phenol va xyclohexanol dugc loai ra & budc iv) duge nap vao
b0 phén phéan g hydro héa phenol [I];
khac biét & chd cac diéu kién a) hoic b) dugc 4p dung:

a. ty 1€ mol cua xyclohexanon so vgi phenol dugc nap vao thung phan Ung
hydro héa phenol nay 13 nim trong khoang tir 0,02 dén 0,10; va

b. ty 1¢ mol cia xyclohexanol so v6i phenol dugc nap vao thung phan Ung
hydro héa phenol 12 ndm trong khoang tir 0,001 dén 0,10.
2. Quy trinh theo diém 1, trong d6 quy trinh nay con bao gdm bude tach hydro
xyclohexanol thanh xyclohexanon va hydro trong b0 phin phan Ung tich hydro
xyclohexanol.
3. Quy trinh theo diém 1 hoic 2, trong d6 ty 1€ mol cﬁa xyclohexanon so véi

xyclohexanol trong dong san phdm da hydro héa dugc xa ra & bude I) 1a 16n hon 10.
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4. Quy trinh theo diém bét ky trong s§ cac didm tir 1 dén 3, trong d6 ty 1¢ mol cua
xyclohexanon so véi phenol trong dong san phdm hydro héa dugc xa ra & budce I) 1a
16n hon 10.

5. Quy trinh theo diém bt ky trong s cac diém tir 2 dén 4, trong do6 hydro dugc sinh
ra trong bd phén phéan Ung tach hydro xyclohexanol [III] dugc nap vao bd phin phéan
ung hydro héa phenol [I].

6. Quy trinh theo diém bét ky trong sé cac diém tr 1 dén 5, trong dé phenol duogc
hydro héa trong quy trinh & pha hoi.

7. Quy trinh theo diém bét ky trong sé cac diém néu trén, trong d6 muc tiéu thy hoi
nudce thuc 12 nhé hon 1,5kg hoi nurée mdi kg xyclohexanon dugc san xut.

8. Quy trinh theo diém bat ky trong sb cac didm néu trén, trong d6 muc ti€u thu ndng
lugng thuc 12 nhé hon 3 MJ mdi kg xyclohexanon dugc san xuét.

9. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 xyclohexanon nay
c6 ham lugng xyclohexanol dudi 2000ppm (trong lugng/trong lugng).

10. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong d6 chét xuc tac 1a
paladi trén chit mang nhdm oxit va mudi chira Na la chét ting xtc tac.

11. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 chat xuc tac nay 1a
1% trong lugng paladi trén chit mang nhém oxit, v6i 1% trong luong Na (nhu
NaHCO;) duoc bd sung lam chét ting xuc tac.

12. Quy trinh theo diém bt ky trong sd cic diém néu trén, trong d6 hon 98%
(mol/mol) phenol duge nap vao quy trinh dugce chuyén héa thanh xyclohexanon.

13. Quy trinh theo diém bét ky trong s6 cac diém néu trén, trong d6 murc chon loc &
mdi budc trong bd phan phan tng hydro hoéa phenol [I] 1a 16n hon 92% va trong do
mirc chuyén hoa phenol mdi budce trong bd phan phan tng hydro héa phenol [I] 1a 16n
hon 90%.
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Fig. 4
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