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LOI MO PAU
Pa s6 cac hop chit clo hitu co déu gay hai cho mdi truong va stc khoe con
ngudi, tham chi gop phan gay thing tang 6z6n. Tuy nhién trong cong nghiép, cac
hop chat ndy lai dugc st dung rong rai 1am nguyén liéu, dung moéi cho cac qua
trinh hda hoc, chung duoc sir dung nhiéu trong cong nghé dét may, giat kho, san

xuat thude bao vé thuc vat.

Trén thuc té, nguoi ta tim thay luong rat 16n cac hop chit clo hiru co trong
nude thai cong nghiép va trong nude ngam, mot trong sd nhitng hop chét tiéu biéu

nhét chinh 14 tetracloetylen (TTCE).

Trong céc nha may, do nhiéu han ché vé von va cdng nghé, viéc xir Iy cac hop
chat clo hitu co trong nudc thai vin dang bi thd o, diéu ndy gay nguy hai nghiém

trong tdi moi truong va Stic khoe con nguoi.

Trén thé gioi hién nay c6 ba phwong phap chinh xir Iy cac hop chat clo hitu
co: phuong phap 6xy hoa, phuong phap sinh hoc, va phuong phap khir. Trong d6
phuong phap khir hita hen hiéu suét cao, an toan, thu duoc san phim hydrocacbon

c0 loi trong cong nghiép.

Cac nha khoa hoc da nghién ctru va thir nghi¢m thanh cong xuc tac ludng kim
loai cho phan ting hydrodeclo hoéa (HDC) TTCE. So véi xuc tac don kim loai, xtc
tac ludong kim loai thé hién su uvu viét vé hoat tinh cling nhu do 6n dinh hoat tinh
cao. Kim loai thir nhat thuong la kim loai quy nhu Pd, Pt; kim loai thir hai thuong
la kim loai chuyén tiép nhu Fe, Co, Ni.... D6 an ndy thuc hién nghién ctu anh
hudng cua kim loai thtr hai (Fe, Ni) dén hoat tinh cua xtc tac Pd-Me/C* cho phan
ung HDC TTCE.

Nguyén Thi Thanh Binh — Céng nghé Hiru co Héa dau 1 — K50 Trang 2



D6 dan tot nghiép: Nghi€n Citu xiic tdc Pd-Me IC*cho qud trinh hydrodeclo héa

PHAN 1

TONG QUAN LY THUYET

1.1. Pit van dé
1.1.1. Hop chét clo hitu co: Pic tinh - Ung dung - Anh hwéng téi hé sinh thai

Hop chat clo hiru co 12 hop chit ma trong phan ttr ¢6 chira mdt hodc nhiéu
nguyeén tir clo gan voi goe hitu co. Co thé phan loai cac hop chat clo hiru co thanh:

Hop chat clo hitu co no, khdng no va hop chit clo hitu co thom.

Hop chét clo hitu co no ¢ chtra cac nguyén tar clo lién két voi mot goc

hydrocacbon no mach hé hodac mach vong. Vi du etyl clorua CH3-CH,-CI.

Hop chit clo hitu co khdng no c6 chia cac nguyén tir clo lién két voi mot g

hydrocacbon khéng no mach vé hoac mach vong. Vi du TTCE Cl,-C=C-Cl,.

Hop chét clo hitu co thom c6 chita cac nguyén tir clo lién két véi mot hay

cl
nhiéu vong thom. Vi du Benzyl clorua©/\ :

Vé ngudn gbe, mot sb it cac hop chét clo hiru co hinh thanh tir cac hién tuong
t nhién nhu trong khéi ndi lira, chdy rimg, con da sb 1a két qua ctia cac qué trinh

tong hop nhan tao.

Chat clo hitu co duoc str dung rong rdi trong céng nghiép nho dic tinh tay rira
t6t. Chiing thudng duge ding trong cac quy trinh giit 13, 1am sach bé mit kim loai,
tdy dau md nhon. Ngoai ra, ching con dugc ung dung 1am dung méi, phu gia,
nguyén liéu tong hop nhwa. Vi du: Diclometan 1am hoa chit tdy son, san xudt chat
tao bot; vinyl clorua la nguyén liéu san xuit nhwa PVC; tricloetylen la phu gia san

xuat keo, 1,4-diclobenzen dung dé san xudt thudc trir sdu, thudc nhudm, hoéa chat
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khtr mUi trong nha vé sinh, thudc diét mdi; pentaclophenol dung dé san xuat thude

sat trung...

Mdi nam trén thé giGi san xuat va tiéu thu khoang 24 tridu tan chat clo hitu
co. Sau khi thai ra méi truong, ching tich Ity lai gdy nguy hai cho méi truong va
stc khoe con ngudi. Trong hé nudc ngdm va nudc thai cong nghiép thuong tim

thidy mot s6 hop chit nhu DCE, TCE, TTCE...v6i nong do khong nho.

Céc hop chét chira clo da sé gy hai cho strc khoe con ngudi, ching doc véi
da va mat, khi hit phai cac hop chit chia clo dé bay hoi c6 thé gdy budn ndn, ngat
Xiu, hdn mé, tham chi tir vong. Pic biét, cac hop chat clo hitu co khi di vao co thé
nguoi c6 kha nang tich 1y va ton tai rat lau, ching gay ra nhiéu loai bénh c6 tinh
di truyén. Vi du: DDT (di-(para-clophenyl)-tricloetan) 1a hop chét chua clo duoc
st dung rong rdi sau chién tranh thé gisi thir hai dé phong chdng sét rét, s6t phat
ban, ing dung trong céng nghé san Xuit vai soi. Tuy nhién, DDT tich liy trong co
thé ngudi giy cac bénh vé than kinh va ung thu. Didxin Ia chat doc chién tranh,

ngudi nhidm phai didxin sinh ra con céi di tat, di chimg kéo dai qua nhiéu thé hé.

Pbi voi moi truong, cac hop chat clo hitu co gop phan phé hay ting 6z6n, gay
mua axit va doc hai vdi cac sinh vat séng. Vi du diéxin cé thé huy diét ca h¢ sinh
thai, CFCs (clo flo cachon), tetraclorua cacbon, metyl cloroform gy suy giam tang
6z6n trong tang binh luru. Viéc nay lam gia ting cudng do blic Xa cla cac tia cuc
tim, 1am chét cac sinh vat phu du trong nudc bién, gay ung thu dbi v6i con ngudi
va dong vat. Cac hop chat clo hiru co ¢6 mach vong thudng co cdu tric on dinh,
ton tai rat bén viing va luan chuyén trong méi truong thong qua chudi thic an.
Thoi gian phan hity cac hop chit ndy kéo dai téi hang chuc nidm, rit kho dé xu li
chlng mot cach triét dé va d6i khi viéc xu 1i lai sinh ra nhiéu san pham phu doc hai

hon.
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Vi nhitng 1i do d6, chung ta can phai c6 bién phap giam luong phat thai cac
hop chét clo hitu co va nghién ctu xt 1y triét dé ching truée khi thai ra moi
truong.

Hinh 1 va 2 md ta luong chit clo hitu co phét thai ra moi trudng khong khi va
nude tai cac nude Tay Au trong mot sé nim qua.
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Hinh 1: Lugng chat clo hiru co phét thai ra khong khi tai Tay Au [2]
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Hinh 2: Luong chat clo hitu co phét thai ra moi truong nude tai Tay Au [2]
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Tir hai hinh trén ta c6 thé thiy, cac nuéc Chau Au dang dit ra muc tiéu giam
thiéu luong hop chét clo hitu co ra méi trudng. Cu thé muc tiéu 12 téi nim 2010
giam 50% luong chit thai chira clo vao khong khi va giam 75% luong chit thai
chtra clo vao nudc, so véi nam 2001.

1.1.2. Hop chit tetracloetylen (TTCE) [1,2]
a. Pac tinh cia TTCE

Tetracloetylen (TTCE) c6 cong thic hoa hoc 1d C.Cls, tén qudc té Ia:

tetrachloroethene hay perchloroethylene, perchloroethene, perc, hoac PCE, ¢6 cdng

thirc cau tao nhu sau:

CaCL il
c=C
clcl

TTCE la mot chat 1ong khong mau, khdng bat chay va c¢6 mui dic trung.
TTCE khong c6 sin trong ty nhién ma duoc téng hop Véi khéi lwong 16n trong

cdng nghiép hoa chat.

TTCE dé bay hoi, né d& bi pha huy khi tiép xtic véi cac kim loai manh (Ba,
Li), xat an da, kalicacbonat, cac Oxit manh. TTCE tan dugc trong rugu, éte,

benzen, chloroform, du, hexan va hoa tan dugc nhiéu hop chat hitu co.

Bang 1 dua ra nhiing tinh chét vat 1y dac trung ctia TTCE.
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Bang 1: M6t s6 tinh chét vat 1y quan trong ciia TTCE.

Khéi lugng phan tr M, g.mol™ 165,8
Nhiét d6 soi (101.3 kPa), °C 120
Nhiét do nong chay, °C 22,7
Ti trong d39, glem® 1.622
Ap suét hoi (20°C), kPa 19
Do nhét (20°C), mPa.s 1.62
D6 tan trong nude (20°C), g.kg™ 0,15

b. San xuit TTCE

TTCE duoc san xuat bang con dudng clo hoa hoic 6xyclo hda nguyén liéu

gdc nhu propylen, dicloetan, clopropan hodc clopropen.

Michael Faraday 1a ngudi dau tién tong hop duge TTCE bang phuong phap

phan hiy nhiét tir tetracloetan, phan trng nhu sau:
C,Clsg — C,Cl, + Cl,

Hau hét TTCE hién nay duoc san xudt bang phuong phap clo hoa cac hop
chét hydrocacbon nhe & nhiét d§ cao. Vi du: phan trng cua 1,2 dicloetan véi clo &

400 °C thu duwgc TTCE, phuong trinh nhu sau:
CICH,CH.CI + 3 Cl, — C1,C=CCl, + 4 HCI

Xdc tac cho qué trinh 1a KCI va AICI; hoic C*, san phdm chinhTTCE dugc
thu lai bang phuwong phéap chung cét.
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c. Ung dung ciia TTCE

TTCE hién nay 12 mot hoa chit thuong mai ciing nhu 13 mot hop chét trung
gian quan trong trong cong nghiép hoa hoc. San lugng san xuat TTCE nim 1995
trén thé gidi ude tinh dat 712000 tin, TTCE san xuit ra dugc str dung trong céc

linh vyc chu yeu sau:

> 55% lam hop chit trung gian trong cong nghé tong hop hitu co: la
nguyén liéu cho viéc san xuat cac dung moi va chit tai lanh nhu R113, R114 va

R115. TTCE con ding dé san xut cac chat thay thé CFC nhu HFCs va HCFCs

> 25 % TTCE dugc dung cho cng nghiép 1am sach va tdy dau md bé mat

kim loai nho dic tinh hoa tan chon loc nhiéu hop chat hitu co va vé co.

» 15 % TTCE duoc str dung trong cong nghiép giat kho 1am sach vai soi.
TTCE dugc st dung nhu mot dung moi c6 kha nang loai bo dau dinh ¢ vai sgi sau
khi dan, dét cling nhu cac qua trinh sit dung may moéc khac. D6 1a nho kha nang
lam sach dau, m&, hydrocacbon ma khéng 1am anh hudng téi ban chit cua vai soi

cua TTCE.

> 5% con lai dugc sir dung vao cac muc dich khac nhu 1am chat tuyén kho,

muc in, thudéc nhudm, chat boi tron...

d. Anh huéng cia TTCE téi méi trudng va con nguoi

Hang ngay, hon 90% TTCE da st dung duoc thai truc tiép ra méi truong
trong d6 99,86 % thai truc tiép vao khong khi, 0,13 % vao nudc va 0,1% vao dat,
luong TTCE nay da va dang gay ra nhirng hau qua nghiém trong tGi moi truong va

suc khde con nguoi.

Khi TTCE dugc thai vao khdng khi, né thudng bi phan hiy sau mot vai tuan,

tao ra nhitng hop chit gdy anh huong xau tdi ting 6z6n. Khi con nguoi tiép xiic
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V61 TTCE c6 trong nudce thai, khi thai cong nghiép trong mot thoi gian du 1au, voi
mot néng dd nhét dinh s& ¢6 triéu chiing budn ndn, dau dau, chong mat, néu nang
hon c6 thé dan dén hon mé va tir vong. TTCE thudng gy ra cac bénh vé than kinh,
gan, cac bénh duong ho hip cip tinh va man tinh, ngoai ra TTCE Ia nguyén nhan

dan dén nhiéu loai bénh ung thu.

Theo thdng k& cta co quan dich vu sitc khoe va con ngudi (DHHS), TTCE
nam trong sd 31 chit doc xuat hién nhiéu nhat, nguy hiém nhat dbi véi stc khoe

con nguoi.

Theo tiéu chuan nude thai cong nghiép TCVN 5945:1995, ham luong TTCE
cho phép trong nudce thai cdng nghiép loai A, B, C 1a 0,02; 0,1; 0,1 mg/L.

Chinh nhiing tac dong nguy hiém ciia TTCE d6i véi con nguoi va moi truong
séng nhu vay, cac nha khoa hoc trén thé gi¢i dang khan truong nghién ciru tim ra

phuong phap giam nhitng anh hudng bat loi ndy.

1.2. Cac phuwong phap xir 1y hop chit clo hiru co

Hién nay cac phuong phap chinh dang duoc str dung dé xir 1y cac hop chét clo
hiru co la: phuong phap 6xy hoa, phuong phap khir, phuong phap sinh hoc,
phuong phéap két hop 6xy héa — khir.

1.2.1. Phwong phap 6xy hoa

Ban chat cua phuong phap 6xy hoa 1a d6t cac hop chit chta clo & nhiét do
cao, c6 hoic khdng c6 mit ciia chat xtic tac. Cac san phim tao ra gom c6 CO, , H, ,
Cl, va mot s6 san pham phu khac. Hién nay, phuong phap nay la con dudng nhanh
nhat, d& nhat dé xir i TTCE trong nudc va khi thai.

Nguyén Thi Thanh Binh — Cong nghé Hitu co Hoa dau 1 — K50 Trang 9



D6 dan tot nghiép: Nghi€n Citu xiic tdc Pd-Me IC*cho qud trinh hydrodeclo héa

a. Phwong phap 6xy héa khong st dung xtc tac [3]

Phuong phap dxy hda khéng st dung xuc tac 1a qua trinh pha v& lién két clo
trong phan tir bang cach thiéu d6t hop chét clo hiru co trong dong dxy khong khi &
nhiét d6 cao (hon 900 °C). Phuong phap nay té ra kém hiéu qua va chi phi rat cao.
Mit khac noé nguy hiém vi sau khi dét tao ra cac san pham phu nhu diéxin va

dibenzofuran, 1a nhitng hop chit con doc hai hon gip nhiéu lan.
b. Phwong phap 6xy héa cé str dung xtc tac [7, 11]

Uu diém ctia phuong phap nay 1a do chuyén héa ciia qua trinh cao, hon 90%.
CAac hop chit chira clo dugce bién dbi thanh cac hop chat an toan hon nhu COs,

H,O va Cl, & nhiét d6 550°C, thap hon so véi phuong phap khong st dung xuc téc.

Xic tac thudng st dung trong qua trinh nay 1a Pd hoic Pt trén chat mang vy-
Al,O3, tuy nhién xtic tic Pt thuong bi ngd doc boi chinh hop chat chira clo. Hudng
nghién ctru hién nay cta cac nha khoa hoc trén thé gidi 1a nang cao d6 6n dinh cta
hoat tinh XUc tac, c6 thé thay doi ti 1& kim loai quy Pd, Pt, thay d6i nhiét d6 phan

ung, ché do hoat hoa xtc tac, luu luong dong H.

Panh gia chung vé phuong phap 6xy hoa, wu diém cta nd 1a phan hay hoan
toan mot sé hop chét clo hitu co, cong nghé khong phtic tap. Tuy nhién phuong
phap nay c6 mot sé nhuoc diém 16n nhu: Kém an toan, khdng tan dung dugc san
pham, gdy 6 nhiém méi trudng. Trong phuong phap 6xy hoa, viéc thu gom, van
chuyén hop chat clo hitu co dén noi xtr li twong ddi phirc tap, nguy hiém va ton
kém. Viéc sinh ra cac san phém phu doc hai hién chua c6 cach khic phuc.Viéc dot
chay ciing lam ting dédng ké lugng phat thai CO, ra méi truong, gdy mat can bang
sinh théi, c6 thé din dén thay d6i khi hau. Ly do Ia da sb cac hop clo hitu co la do
con ngudi tong hop nén chi khong phai sin co trong tu nhién. Hon thé nia,

phuong phap nay duoc danh gia 1a khong “xanh”, trong khi xu huéng san xuat hién
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nay dang 1a: han ché phat thai ra moi truong, tan dung ngudn thai trong cong
nghiép dé tai ché.
1.2.2. Phwong phap sinh hoc [2]

Pay 1a phuong phap st dung cac loai vi khuan c6 kha ning phan huy duoc
cac hop chét clo hitu co thanh cac san pham it doc hai. Sir dung k¥ thuat nay dam
bao cac san pham ctia qua trinh khdng gay 6 nhiém moi truong va khong c6 hai dbi
Véi stic khoe con nguoi. Tuy nhién phuong phéap chi c6 thé xur Iy cac hop chat clo
hitu co Vi s6 lugng khong nhiéu ma lai can thoi gian xir Iy kha dai. Cac san phdm
Clia qué trinh tao ra khong duogc tai sir dung vao san xuat. Do vay, k¥ thuat ndy
chua giai quyét duoc tit ca cac van dé 6 nhiém, c6 thé két hop véi cac phuong

phap khac dé dat hiéu qua cao hon.
1.2.3. Phuwong phap khw

Thong thuong ding H, khir clo cta cac hop chat clo hiru co sir dung cac kim
loai quy va kim loai phy tro mang trén mot sb loai chat mang, c6 tac dung cit dut
lien két C-C1 sau d6 thay nguyén tir Cl bang nguyén tir H, phuong phap nay goi 1a
hydrodeclo héa (HDC).

Uu diém cta phuong phap nay 1a tbc d6 phan ung nhanh, hiéu suat cao,
khéng tao ra cac san pham doc hai cho méi trudng, 6 loi vé mit kinh té.

Piém gi6i han cho qué trinh khir trong cong nghiép 1a 6 chon loc va do on
dinh hoat tinh cta xuc tac. Cac hudng nghién ctru hién nay dang tap trung vao viéc
nang cao thoi gian sdng cua xtc tac, chon loc ra cac san pham cé gia tri cao trong

cong nghiép.

Bang 2 md ta cac nghién ctru vé xuc tac qua trinh HDC trén thé gisi
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Bang 2: Cac xuc tac thuong dung cho qua trinh HDC [7]

XUC TAC POI TUQNG CAN XU LY
NiMo/Al,O3 Chlorinated benzenes
Ni/Mo - Al,O3 Dichloromethane, 1,1,1-TCA, TCE, PCE

Pd/C

1,2,4,5-Tetrachlorobenzene

Ni/SiO, va zeolite Y

Chlorophenols, dichlorophenols,

trichlorophenols, pentachlorophenol

Pd/Al,O3, Rh/AILO;

Chlorobenzene

Pt/C, Pd/ Y- Al,O3

4-Chloro-2-nitrophenol

Rh/SIO, Dichloroethane (DCA), TCE
Pt/Al,O4 Dichloroethylene (DCE)
Pd/C* Chlorofluorocarbons

Pt/c4c chat mang

Carbon tetrachloride (CCl4)

Pt/y - Al,O3 Carbon tetrachloride

Pt/MgO Carbon tetrachloride

PdO/ y- Al,O3 1,1,2-Trichlorotrifluoroethane
Ni/zeolite Y Carbon tetrachloride
Pd—-Cu-Sn/C* PCE

Pt-Cu-Ag-Au/C*

1,2-Dichloropropane

Ni/ ZSM-5 va A|203

TCE and TCA
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Pd/C

TCE, TCA, and chlorobenzene

Pd/ Al,O3, AIF3

1,1-Dichlorotetrafluoroethane,

dichlorodifluoromethane

Céc kim loai nhom V11I

Dichlorodifluoromethane

Pd, Rh, Pt/ Al,O3

PCE

Pd/SiO, 1,1,1-Trichloroethane (TCA)

NiMo/ Al,0O3 PCE, TCE, 1,1-dichloroethylene, cis-
dichloroethylene and trans-dichloroethylene

Pd/ vy - Al,O3 CF2-CI2 (CFC-12)

Ni-Raney, Ni/ SiO,, Pd/Al,Os,
Pt/ Al,O3,Pt/Rh/Al,Os3,

Ru/ Al,O; va sulfided Ni-Mo/Al,O4

Dichloromethane, chloroform, carbon
tetrachloride, 1,1,1-TCA, TCE and PCE

Pt/ Al,O;

TCA

Pt, Pd/ Vycor, Al,O3, C, AIF3

Chloromethanes, chlorobenzene

1.2.4. Phwong phap 6xy hoa — khir két hop [7]

Pay 1a phuong phap mdi st dung xtc tac 1a kim loai quy trén chat mang (vi
du Pt/Rh/ y-Al,O3 ), ciing véi dong khi 12 O, va H, & mét ti 1& nhit dinh, dua vao
thiét bi phan ng & nhiét d6 > 400 °C. Phuong phap nay cho phép pha huy cu triic
chtra clo ctia nhiéu phan tir. Su két hop ca qua trinh 6xy héa va qua trinh khir mang

lai két qua dic biét cao: hidu suat > 90% va xUc tac duy tri dugc hoat tinh trong 2

nim. Qua trinh ti sinh xUc tac co thé duge thue hién d& dang va thuan tién.

Co ché phan mg véi tetracloetylen dugc dé xuit nhu sau:
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C,Cls + 5H;, — CyHg + 4HCI
C,Cl: +20, — 2C0O, +2C},
C,Hg +3.50, — 2C0; +3H,0
2H,; + 0, — 2H,0
H, + Cl; — 2HCI

Tong quat:

Tuy nhién nhuoc diém ctia phuong phap nay 1a san phim khong c6 kha ning
tai str dung, nhiét cung cap cho phan tng con khé 16n (>400 °C), nguy co chay nd
van co thé xay ra. Vi vy phuong phap nay hién méi duoc thir nghiém trén mé
hinh nho.

1.2.5. Phwong phap khéac
Mot s6 phuong phap khac thudng dung nhu:

Hép phu TCE, PCE, DCE béng C* (voi nudc hodc khi nhiém bén). Phuong
phép nay c6 thé tach loai nhitng hop chat Clo hitu co nhung khong phan hiy

chdng, cho nén ching ta can xt Iy sau hon.
Khir bang kim loai: dung Fe khtr clo cua cac dung dich hitu co.
Dung dung mdi metanol dé phan hity mot s6 hop chat nhu PCE.

Céac phuong phap nay bi gidi han bdi hi¢u qua khong cao, quy md nho, tuy

nhién c6 thé 13 giai phap tam thoi trong truong hop han ché vé cong nghé.
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Trong s6 cac phuong phap néu trén, phuong phap HDC t6 ra uu viét hon han
va hira hen mot twong lai phat trién bén virng trong nén cong nghiép, dé an nay

nghién ctru xuc tac Pd-Me/C* cho qua trinh HDC TTCE.
1.3. Phan wng HDC
1.3.1. Pinh nghia

Phan ing HDC 14 phan tng cét bo lién két C-Cl caa hop chat clo hiru co trong
dong khi H, va thay thé nguyén tir Cl bang nguyén tir H.

R—Cl+H, —>R—H+HCI

Vi du:
CCI,=CCl, + H, > CHCI=CCl, + HCI
CHCI=CCl, + H, > CHCI=CHCI + HCI
CHCI=CHCI + H, > CHCI=CH; + HCI
CHCI=CH; + H, > CH,=CH, + HCI
CH,=CH, + H, > CH;-CHj

Nguoi ta sir dung xac tac dé thic day phan irng xay ra ¢ di€u ki€n mém, nhiét

d6 va ap suit thap.
1.3.2. XUc tac

Xuc tac cho phan ung HDC thuong c¢6 dang kim loai mang trén chat mang.
Céc két qua nghién ctru cho thay Pt, Pd, Ni va Rh ¢6 hiéu qua tot, d6 6n dinh cao
hon cac kim loai khéc trong phan tmg HDC & pha khi. Nguoi ta ¢6 thé sir dung xtic
tac don kim loai, da kim loai, hoac oxit cua cac kim loai chuyén tiép nhu: oxit

ddng, 6xit coban, 6xit mangan, Oxit sat, oxit crém, xit niken.
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Vé chét mang, v - Al,O3 va SiO; la nhirng chat mang c¢6 kha nang st dung
cho xuc tac HDC, tuy nhién ching d& b tin cong boi san pham HCI nén bj mat
hoat tinh nhanh chéng. Trong khi d6 C* c6 gia thanh ré, tro vé miat hoa hoc, dién

tich bé mat 16n, tré thanh mot chat mang tiém niang cho phan tmg HDC pha khi.

a. Kim loai Pd [1]

Pd (palladium) la kim loai quy thudc nhém VIII B, chu ki 5, s6 hiéu nguyén
tir 46. Pd kim loai c6 mau tring bac, duoc phat hién ra tir nim 1803 boi William
Hyda Wollsaton. Muébi nitrat, clorua ciia Pd tan cham trong axit.

Pd c6 nhiéu ing dung trong nhiéu nganh khac nhau:

Trong nganh dién t: Pd duoc dung lam dién dung gém da 16p, dau cam bién
dién tir, hodc 1am 16p bao vé cho cam bién dién tir va cac mdi han dic biét.

Trong cong nghé: Pd ding trong thiét bi 1am sach khi, thiét bi ché tao hydro
tinh khiét, d6 1a nho Pd ¢6 kha nang hap phu hydro tét.

Trong viéc 1am xuc tac: Pd tan min trén C la xuc tac cho qua trinh hydro héa
va dehydro héa, tmg dung cho phan tng cracking cac san pham dau mé. Uu diém
cua viéc st dung Pd lam xuc tac la do chuyén hoéa cao, tac dung nhanh. Tuy nhién,
n6 c6 nhuge diém 13 gia thanh cao, nhanh mat hoat tinh.

Ngoai ra, Pd con dugc ung dung khac trong cac nganh nhiép anh, nghé
thuat. ..

b. Chat mang C* [1]

C* 12 mot trong nhitng vat liéu hap phu tot, dién tich bé mat 16n, tir 500 dén
1500 m%g. Ngoai thanh phan chinh 14 cacbon, than hoat tinh con chtra 5-10% khdi
luong cac nguyén té khac & dang Oxit kim loai, hydrdxit. Trong thanh phan cac

oxit kim loai thudng chta cac nguyén té: Al, Si, Fe, Mg, Ca, Na, K, S, P.
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Mot sé ddc trung ctia C* 13 dién tich bé mat riéng, cau trac 16 xdp, cac dic

trung nay lién quan mat thiét dén tinh chat hip phu cua C*.

Dién tich bé mit riéng la dién tich bé mit tinh cho mot don vi khéi lugng, nd

bao gom tong dién tich bé mit trong mao quan va bén ngoai c4c hat.

Hinh dang mao quan trén bé mit C* c6 thé chia ra 1am bdn loai co ban: hinh
try, hinh khe, hinh chai, hinh ném. Phan bd kich thuéc cta cidc mao quan hoic 16
Xép duoc xac dinh theo su bién doi cua thé tich hodc dién tich bé mit mao quan

V61 kich thude mao quan.

Theo tiéu chuan ctiia [IUPAC, c6 thé chia kich thuéc mao quan thanh ba loai:
Mao quan 16n ¢6 duong kinh mao quan trung binh I6n hon 50 nm, mao quan trung

binh c6 dudng kinh tir 2 dén 50 nm, mao quan bé c6 dudng kinh nho hon 2 nm.

Trong qué trinh hip phy, ngudi ta thuong danh gid kha ning hap phu cua C*
thdng qua dién tich bé mat riéng va phan bd 16 x6p. Dién tich bé mit riéng cang
I6n thi kha ning hdp phu cang cao. Kich thudc mao quan I6n thi dung luong hap
phu thdp nhung tbc d6 hap phu cao. Cac mao quan 16n thuong 14 noi chira cac hat
xuc tac kim loai sau qua trinh ngdm tim. V&i hé mao quan trung binh, ngoai hién
turong hip phu c6 thé xay ra hién twgng ngung tu mao quan, khi dé kich thuéc mao
quan bi thu hep lai. Pdi v6i hé mao quan nho, dung lugng hﬁp phu thuong cao

nhung toc d6 hap phu cham.

Uu diém cua C* khi sir dung 1am chit mang cho xtc tac 12 tinh tro, ré, dién
tich bé mat 1on. Bé mit 16n ctia C* ¢6 duoc la nhd cdu triic xo réng thira hudng tir
ngudn gdc hitu co va didu kién hinh thanh. Ngoai ra, viéc xir Iy C* sau khi dung rat

don gian.

C* ¢6 tinh chét khir clo, nguoi ta dd dua ra mot thong sé o day ban hip phu

khtr Clo, do ludng hiéu qua loai bo clo ctia C*. D6 chinh 1a d6 day can thiét cua
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I6p C* ¢ thé giam murc clo trong dong tir 5 ppm xudng 3.5 ppm. Do dai nay cang
bé chirng t6 hoat tinh ctia C* cang manh.
c. Kim loai thi hai [1]

Sat 1a kim loai chuyén tiép thudc nhom VIII, chu Ki 4, s6 hiéu nguyén tir 26.
Fe (mg dung nhiéu nhit trong xay dung, ngoai ra, Fe dugc chon lam x(c tac cho
mot s6 qué trinh nho tinh chat 6xy hoa khu.

Niken 1a kim loai chuyén tiép thuéc nhom VIII B, chu ki 4, s6 hiéu nguyén tir
28. Ni ciing c6 kha niang khir clo nhung hoat tinh kém hon Pd. Tuy vay, uu diém
rat 16n cta Ni 13 ré va dé kiém hon nhiéu so véi Pd nén cé thé tmg dung 1am xuc
tac trén quy mé lon.
d. Co ché phan rng HDC [6, 7]

Phan tng HDC duogc gia thiét xay ra theo hai co ché: ndi tiép va song song.

Céc phan trng c6 thé xay ra trong qua trinh HDC bao gém:

H,+2" — 2H" (2)
RCl,+* < RCl,* (3)
RCl,* + H* — RHCl,_,*+CI* (4)
RHCl,_,* — RHCl,_,+* (5)
RHCl,_,* + H* — RH,Cl,_," +CI* (6)
RH,Cl,_»* < RH,Cl ., +*(etc.) (7)
H*+ClI* — HCl + 2° (8)

Trong d6 * 1a biéu thi mot phan hoat dong trén bé mat xtc tac, RCI, 1a hop

chat hitu co chira clo.
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Phan tng (4) va (6) xay ra trén bé mat xtc tac, giita phan tir RCl, va nguyén
tor H d4 hip phu trén bé mat xtc tac. Phan tng (5),(7) 1a phan tmg nha hap phu.

Phan tng tong quét c6 thé viét nhu sau:
RCI;" +xH®™ — RH,; + xCI™

C6 thé d& dang nhan thiy: san pham cua phan tng hydrodeclo héa khong chi
la mot chat khong chira clo ma 1a mot hdn hop nhiéu chat c6 thé con chira clo, nén
co ché ndi tiép khong con chinh xac. Co ché song song mé ta phan tmg HDC tét
hon [7].

Co ché phan tmg HDC TTCE véi xtc tac don kim loai nhu sau:

Cl | i Cl
>=<T _H mé—ém - >={I | CLM
Cl Cl Cl Cl Cl Cl

H
Cl Cl

¥ \‘

Cl ]-I H I}l
Cl H Cl Cl
I |

| Hy

‘'
Y
1 I 1
[’IMH Hé_éH
Cl H Cl Cl
\‘ ‘/
i 1 H, B, I i
H H = /7~ -— H H .
‘H H H H Cl H Cl

H

Hinh 3: co ché phan tmg HDC TTCE véi xtc tac don kim loai Pd [6].

M6 ta co ché phan (mg: Pau tién, cac tdm hoat tinh Pd hip phu H, va chuyén
hydro phan tir vé dang hydro nguyén tir. TTCE ciing bi hip phu 18n cac tm hoat
tinh, lién két C-ClI trong phan tir TTCE bi nguyén tar H va Pd tin cong, hinh thanh
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lien két mdi C-H va H-Cl. San pham phan tng tach ra khoi tim hoat tinh xuc tac
va di ra ngoai.

C6 thé thay vai trd ctia Kim loai Pd vira 1a cét 1ién két C — Cl, vira 12 tao ra céc
hydro nguyén tir (H*) tir Hp. Hydro nguyén tir méi sinh ra s& thay thé cac nguyén
tir C1 bi cét di, tao lién két voi C1 con lai dé tao thanh HCI, dong thdi cac nguyén tir
H ciing dugc dung dé tai sinh Pd ¢4 mét hoat tinh. Do Pd phai 1am ca hai nhiém vu
nén kha ning xuc tién qua trinh hydro héa TTCE khong cao va kha ning bi ngd
doc boi HCI sinh ra 14 rat 1on. Chinh vi vay xtic tac chtra don kim loai Pd thuong

nhanh bi mat hoat tinh.

Khi thém kim loai thi hai vao hop phan xtc tac, Fe va Ni s& tham gia vao co
ché phan tng, sau d6 che chin cho Pd khoi bi ngd doc boi Cl. Pd van giit vai trd
hip phu H nguyén tr va cit dut lién két C-Cl trong phan tt TTCE nhu binh
thudng, tao ra san pham C,Hg. Kim loai thtr hai ciing tham gia cat lién két C-Cl
nhung lai tao ra cac hop chit trung gian. Sau d0, cac hop chét trung gian nay nha
hap phu kim loai, hinh thanh luong 16n san pham C,H,. Ngoai ra, Fe va Ni c6
duong kinh nguyén tir bé hon Pd, che chan cho Pd khoi bi mat hoat tinh bai tac
dong ctia san pham HCI. Sy khac nhau giita co ché don kim loai va da kim loai 1a
& chd san pham cubi c6 chira mot luong 16n olefin va chi chira mét lwong nhod

parafin.
1.4. Cac phuong phap diéu ché xic tac [22]

Hién nay trén thé gidi dang str dung cac phuong phap diéu ché xuc tac HDC
nhu sol-gel, trao ddi ion, ngdm tim. Mdi phuwong phap déu cé nhitng wu nhuoc
diém riéng:

Phuong phéap sol-gel ung dung v6i kim loai mang trén chat mang SiO»,

phuong phap nay cho duong kinh hat kim loai phan tan trén chit mang nho, do
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phan tan tét. Pudng kinh cia cac hat kim loai sau khi tao gel 1a khoang vai nm.
Trong diéu kién t6t nhat, phuong phap sol-gel tao ra tinh thé kim loai voi dudng
kinh 2 -3 nm dugc dinh vi trong mao quan cua SiO,. Khi d6 hat kim loai dugc bao
vé va khdng bi thiéu két trong sudt qua trinh hoat dong & nhiét do cao. Nhuoc diém
ctia phuong phap nay 1a quy trinh phic tap, thoi gian diéu ché xuc tac dai, can st

dung nhiéu loai hoa chat dé tao phirc va cau ndi trung gian cho qua trinh tong hop.

Phuong phép trao doi ion sir dung nhwa trao ddi ion. Ngudi ta nho tir tir dung
dich mudi kim loai vao cbc dung cac hat nhya trao doi ion va khudy déu. Sau do
loc, séy cac hat nhua, léy cac hat nhya kho di khir nhi¢t cacbon. Phuong phap nay
cho do phan tan kim loai trén x(c tac rat cao nhung khé kiém soat sy mat mat kim

loai trong qué trinh tong hop.

Cubi cling, phuong phap duoc st dung rong rdi nhat 13 phuong phap ngam

tam.

Vi du khi diéu ché xuc tac cho phan tmg HDC TTCE, dung dich mudi kim
loai (Pd(NOs),, Fe(NO3),, Ni(NO3),) duge tim 18n bé mit C*, sau d6 ta cho bay
hoi nuée du s& thu duge kim loai mang trén chit mang. Uu diém ctia phuong phap
nay la tién hanh nhanh, don gian. Tuy nhién, muén thu duoc do phan tan kim loai
cao ta can khudy déu trong va sau khi tim. Xtc tac kim loai duoc chuan bj bang
phuong phap ngdm tim thuong c6 tdm kim loai 16n, duong kinh hat khoang 5-30
nm, phan bd hau hét trén bé mat chat mang.

1.5. Hwéng nghién ciru ciia dé tai

Trong d6 an ndy, em sir dung phuong phap ngdm tim dé tong hop xic tac
ludng kim loai Pd-Fe/C* va Pd-Ni/C* va thay ddi thu tu tdm nham tim ra xdc tac
t6t nhat cho phan tmg HDC TTCE. Nhirng nghién ctru budc dau cho thiy, so voi

xuc tac don kim loai quy, xtc tac ludng kim loai thé hién nhicu wu diém r0 rét ve
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hoat tinh va thoi gian 1am viéc. Ngoai viéc tiét kiém dugc kim loai qui, su c6 mat
cua kim loai thtr hai giap cai thién hoat tinh va do chon loc xuc tac, lam mém hoa
diéu kién tién hanh phan tng. Piéu ndy mé ra trién vong ap dung thuc té cho phan

g HDC trong qua trinh xir Iy hop chat clo hitu co.
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PHAN 2

THU'C NGHIEM

2.1. Tong hop xiic tic

2.1.1. Héa chét dung cu

Bang 3 md ta cac loai hoa chat dd dung tong hop xuc tac cho phan tmg HDC

TTCE.

Bang 3: C4c loai hoa chét sir dung cho tong hop xuc tac.

Tén hda chat Cong thie phan tir Hang san xuét Do tinh khiét (%)
Paladi nitrat Pd(NO3),.2H,0 Merck 99,9

Niken nitrat Cu(NO3),.3H.0 Merck 99,9

Sit (I1I) Nitrat Fe(NO3)3.9H,0

Nitric acid HNO3 Merck 67

Than hoat tinh C*

Dung cu can ding gdm c6: May khuay tir, sang, tu say, 10 nung, can, micro-

pipet, cc c6 mé 100ml ...

2.1.2. Quy trinh tong hop xic tic

Quy trinh tong hop xtic tic duoc mo ta trén hinh 4.
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Chat mang
(nghién, sang)

Pha dung dich
Pd(NOg)z, FG(NOg)g,
Ni(NO3),

Ngam tim

xUc tac

y

Hoat hoa xtc tac

300 °C 3h

Nung 300 °C 3h

Khudy 3h

y

Hinh 4: Quy trinh tong hop xtc tac

S4y 80°C 4h,
120°C 3h,
180 °C 1h

Chat mang C* duoc nghién, sang voi mat sang 0,3 mm. Sau d6 dung dich

Pd(NO3), , Fe(NO3)3 , Ni(NOs), dugc pha theo ndng do tinh toan. Sir dung cac coc

c6 mod 100 ml, mdi cde chira 1g C*, thém 3 ml nudc deion lam uot bé mat, khuéy

déu trong lh. DUng micro-pipet lay va tam tir tir cac dung dich Pd(NOs), ,

Fe(NO3)s , va Ni(NO3), vao, thi ty tim va thé tich mbi 14n tdm theo tinh toan. Sau

khi tam, cac cc duoc khudy déu trong 3h, cho bay hoi nude du bang cach siy ¢ 80
°C trong 4h, siy 120 °C trong 3 h va 180 °C trong 1h. Nung xUc tac & nhiét d6 300
°C trong 3h, toc do gia nhiét 3 °C / phat. Cudi ciing, xlc tac duoc hoat hoa ¢ 300

°C trong 3h, c¢6 dong Hy/ Ar 10% (80 ml/pht) chay qua.

XUc tac tong hop c6 dang hat mau den, min, ty 1¢ thanh phan ctia cac mau xuc

tac d3 tong hop duoc mo ta trong bang 4
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Bang 4: Cac miu XUc tac d4 tong hop

Ki hiéu mau | Hop phan (%) Ki hiéu mdu | Hop phan (%)
BM 1 100Pd/C* BM 6 75Pd 25Ni/C*
BM 2 75Pd 25Fe/C* BM 7 50Pd 50Ni/C*
BM 3 50Pd 50Fe/C* BM 8 25Pd 75Ni/C*
BM 4 25Pd 75Fe/C* BM 9 100Ni/C*
BM 5 100Fe/C*

2.2. Panh gia dic trung héa ly cia xic tac
2.2.1. Phwong phap hip phu va nha hip phu vat Iy N,
Hép phu va nha hap phu vat 1y N, hoat dong theo nguy@n tic:

Vit liéu duoc hip phu khi N, tai nhiét d6 N, long 12 77°K. Tir phuong trinh
BET:

V.(P,-P) V..
Trong do:
V.: s6 mol khi bi hip phu & ap suit P, (mol/g).
C: hing s6 BET.
Vi thé tich can thiét dé hinh thanh don 16p hap phu trén bé mat, mol/g.
P: &p suat khi (mmHg).

Py: &p sut hoi bdo hod cua chat bi hip phu tai nhiét do ¢4 cho (mmHg).
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LV LA L P
V.(P, - P) P,

C6 thé xay dung duoc d thi biéu dién mbi quan hé
mot dudng thang trong khoang P/Py = 0,05 + 0,3. Dwa vao hé sb goc va diém cat
tryc tung cta duong thang biéu thi mbi quan hé giita P/Va(P.-P) va P/P,, xac dinh

duge Vi Va tir d6 tinh duoc dién tich bé mat riéng S(m?/g) theo cong thuec:
S=Vpm. 8n.N,. 107
Trong do:
an: tiét dién ngang cua phan tir N;, °A.
Na: =6,023.10%° mol™, s§ Avogadro

Trén co so xac dinh lugng N, ma vat liéu co thé hép phu vao ciing nhu nha ra
khi thay ddi ap sudt ma ngudi ta xac dinh duoc ciu trac xdp va dién tich bé mit
riéng cua vat liéu.

Trong nghién cru ndy, cAc miu xuc tac duge xac dinh dién tich bé mat riéng
va ciu trac xOp ¢ didu kién: nhiét do 77°K trén thiét bi cua hdng Micromeritic
ASAP 2010.

2.2.2. Phwong phap ICP AES va AAS

ICP-AES (Inductively-Coupled Plasma — Atomic Emission Spectrometry) va
AAS (Atomic Absorption Spectrophotometric) 1a cdc phuong phap phan tich dugc
mg dyng dé xac dinh ham lugng kim loai thuc té trong cac miu xuc tac. Nguyén I
ctia cac phuong phap ndy 14 axit hoa, dwa mau vé dang 10ng, pha vo lién két cta
cac nguyén tir kim loai véi nhau va véi chit mang. Ngudi ta 1am bay hoi mau ¢
nhiét d6 nguyén tir hoa, sau d6 do ndng do nguyén tir kim loai ty do thong qua mirc
do hép thu hay phat xa anh sang ctia nguyén tir kim loai tai mot tan sb quang phé)

dic trung. Tir két qua phan tich nay, ta danh gid duoc hiéu qua cta qua trinh diéu
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ché xuc tac, so sanh giita ham luong kim loai Iy thuyét va thyuc té, c6 duoc sb liéu

thuc té dé thuc hién cic phuong phap phan tich khac nhu hip phu xung CO.

Trong d6 4n ndy, C4C Miu xuc tac duoc phan tich ham luong kim loai dua 1én
chat mang bang ICP AES va AAS tai Phong thi nghiém Cong nghé Loc Héa dau

va Vit liéu XUc tac truong Pai hoc Bach khoa Ha Noi.
2.2.3. Phwong phap hap phu xung CO

Pay la phuong phap xac dinh d6 phan tan ctia mot sb kim loai trén bé mit xuc
tac va kich thudc cac phﬁn tir hoat dong trén co s&: Do lugng khi CO hép phu Ién
kim loai trén bé mit ctia mau phén tich (trong trudng hop ndy 14 Pd) va tir do tinh

duoc su phin bd kim loai trén bé mit chat mang.

Trong nghién ctru ndy, do phan tan cua cac tim kim loai trén chat mang duoc
xac dinh bang phuong phap hip phu xung CO & diéu kién nhiét d6 350°C, luu
luong dong CO/Ar 10% la 10ml/phat trén thiét bi Autochem II cua hing

Micromeritic.
2.2.4. Phwong phapTEM [1]

Pé nghién ctru dic trung phin bd va kich thude cac tim kim loai ctia xtc tac,
em d4 so dung ky thuat hién vi dién tir truyén qua (transmission electron

microscopy - TEM).

Kinh hién vi dién tir truyén qua la mot thiét bi nghién ctru vi cau trac vat ran,
st dung chim dién tir c6 ning luong cao chiéu xuy@n qua mau vat rin mong va sir
dung céc thau kinh tir dé tao anh v&i do phong dai 10n (c6 thé ti hang triéu lan),
anh c6 thé tao ra trén man huynh quang, phim quang hoc, hay ghi nhan bang cac

may chup k¥ thuat sd.
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Ta biét rang kinh hién vi quang hoc str dung &4nh sang kha kién dé quan sat
cac vat nho, do d6 do phan giai cua Kinh hién vi quang hoc bj giéi han bai budc
s6ng anh séang kha kién, va khong thé cho phép nhin thdy cac vat c¢6 kich thudc rat

nho.

Mot dién tir chuyén dong voi van tée v, s& co xung luong p = mo.v, va nd

turong ung vai mot song cd budce song cho bai hé thire de Broglie:

Ta thiy rang budc song cua dién tir nho hon rat nhiéu so voi budc song anh
sang kha kién nén viéc sir dung song dién tir thay cho séng anh sang sé tao ra thiét
bi ¢6 d6 phan giai tot hon nhiéu kinh hién vi quang hoc.

Céu tao va nguyén ly 1am viéc ciia kinh hién vi dién tir truyén qua:

* Sung phong dién tir.

Trong TEM, dién tir duoc st dung thay cho &nh sang (trong kinh hién vi
quang hoc). Pién tr dugc phat ra tir sung phong dién tir. Co hai cach dé tao ra
chum dién tir:

Thu nhat 14 sir dung ngu@)n phat xa nhiét dién ti: Pién tir duoc phat ra tor mot
catdt duoc d6t nong (ning luong nhiét do dbt nong s& cung cap cho dién tr dong
ning dé thoat ra khoi lién két véi kim loai. Do bi d6t néng nén sting phat xa nhiét
thuong co tudi tho khong cao va do don sic cta chim dién tir thuong kém. Nhung
vu diém cua né 12 rat ré tién va khong doi hoi chan khong siéu cao. Céac chit phd
bién dung lam catbt 14 W, Pt, LaBs...

Thtr hai 1a st dung stng phat xa truong (Field Emission Gun). Cac TEM str
dung nguyén Iy nay thuong dugc viét 12 FEG TEM: Dién tir phat ra tir catdt nho

mot dién thé I6n dat vao vi thé ngudn phat dién tr co tudi tho rit cao, cuong do
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chum dién tir 16n va d6 don sic rt cao, nhung c6 nhugce diém 14 rat dat tién va doi
hoi moi truong chan khong siéu cao.
* C4c hé thau kinh va ling kinh.

Vi trong TEM sir dung chum tia dién ti thay cho anh sang kha kién nén viéc
diéu khién sy tao anh khong con la thiu kinh thuy tinh nita ma thay vao d6 1a cac
thau kinh tir. Thiu kinh tir thuc chat 12 mot nam cham dién c6 cau trac 12 mot cudn
day cudn trén 16i 1am bﬁng vat liéu tr mém. Tu truong sinh ra & khe tir s€ duoc
tinh toan dé co su phan bd sao cho chum tia dién tir truyén qua s€ c6 dg l1éch thich
hop véi ting loai thau kinh. Tiéu cu cua thau kinh duoc diéu chinh thong qua tir
truomg & khe tir, 6 nghia 1a diéu khién cuong do dong dién chay qua cudn day. Vi
c6 dong dién chay qua, cudn day s& bi nong 1én do d6 can duoc 1am lanh bang

nudc hodc nito long.

Nguyén Iy ghi anh truong sang va truong téi trong TEM: La thau kinh ghi
nhan chum dién tir dau tién tir mau vat va ludn duogc diéu khién sao cho vat sé & vi

tri c6 kha ning lay nét khi do phong dai ctia hé dugc thay doi.
* B0 phan ghi nhan va quan sat anh.

Khéc vai kinh hién vi quang hoc, TEM sir dung chum dién tir thay cho ngudn
sang kha kién nén cach quan sat ghi nhan ciing khac. Dé quan sat anh, cac dung cu
ghi nhan phai 1a cac thiét bi chuyén dbi tin hiéu, hoat dong dua trén nguyén Iy ghi

nhan su twong tac cua dién tir v6i chat ran.

Man huynh quang va phim quang hoc: 1a dung cu ghi nhan dién tur dua trén
nguyén ly phat quang cua chat pha trén bé mat. Trén bé mit ctia man hinh, nguoi
ta phu mot 16p vat liéu huynh quang. Khi dién tir va dap vao man hinh, vat liéu sé

phat quang va anh dugc ghi nhan thong qua anh sang phat quang ndy. Cling tuong
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tu nguyén Iy ndy, nguoi ta co thé sir dung phim anh dé ghi lai anh va anh ban dau

dugc luu dudi dang phim @m ban va sé€ duoc trang rua sau khi stir dung.

Hinh 5: C4u tao may chup TEM.
Su tao anh trong TEM:

Xét trén nguyén ly, anh cua TEM van dugc tao theo cic co ché quang hoc,
nhung tinh chat anh tly thudc vao ting ché do ghi anh. Piém khéc co ban ctia anh
TEM s0 voi anh quang hoc 1a d6 twong phan Khac so véi anh trong kinh hién vi
quang hoc va céc loai kinh hién vi khac. Néu nhu anh trong kinh hién vi quang hoc
c6 do twong phan chi yéu dem lai do hiéu tng hap thu anh sang thi d6 twong phan

ctia anh TEM lai chil yéu xut phat tir kha nang tan xa dién tir.
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2.2.5. Phwong phap FE SEM

FE SEM 1a phuong phap phan tich bang kinh hién vi dién t quét, trong d6 st
dung chim tia dién tir dé tao anh ciia mau nghién ctiru. Anh dugc hién thi trén man
hinh v6i d6 phong dai co thé thay d6i theo yéu cau. Chum tia dién tir dugc tao ra
tir catot qua hai thau kinh tir s& duoc hoi tu 1én mau nghién ctu. Khi chum dién tir
dap vao mau, trén bé mit miu phat ra chum dién tir thi cap. Dién tir phat xa duoc
thu nhan bang detector, tin hiéu dién dugc khuéch dai va hién thi cho ta anh cua
mau trén man hinh, mdi diém trén miu tuong tmg voi diém sang trén man anh. Do
sang tbi trén man anh phu thudc vao luong dién tir thir cip phat ra ti detector va
phu thudc vao hinh dang bé mat mau nghién ctru. Do vy phuong phap nay cho ta
két qua vé dia hinh bé mat miu. Pay 1a mot céng cu rat hitu ich trong viéc phan

tich xac dinh hinh thai hoc bé mit cac loai vt liu.

Khao sat vat liéu bang phuong phap hién vi dién tir quét (FE SEM) duoc thuc
hién trén hé may HITACHI S4800 tai PTN trong diém vat liéu va linh kién dién

tir, vién khoa hoc vat li¢u, Vién khoa hoc cong nghé Viét Nam.
2.3. Danh gia hoat tinh xuc tac

Pé danh gia hoat tinh xtc tac ddi v6i phan ing HDC TTCE, cic miu xic tc
sau khi duoc chuan bi va danh gia dac trung hoa ly sé dugc nghién ctu trén so dd
phan tng dang vi dong (hinh 5). Thanh phan nguyén liéu ciing nhu san phim trudc
va sau phan tng s& duoc phan tich bang sic ky khi két ndi truc tiép voi hé phan

ung.
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Ve WV
B

r 99 9995 Hy A
10%s

1, 2. Thiét bi do & diéu khién luu luong khi 5. Lo gia nhiét
3. Thiét bi bay hoi nguyén liéu TTCE 6. Ong phan ng
4. BO tron

Hinh 6: So d6 hé phan tng vi dong hydro dé clo héa TTCE

Phan tng HDC TTCE duoc tién hanh & 4p suat thudng, trén hé thong so d6
phan tmg 1am bang thép khong gi. Xuc tac thir nghiém dit ¢ trung tim dng phan
g (1am bang thach anh, dai 500 mm, duong kinh 5mm). Nhiét d6 ving phan tng
duoc diéu khién bing 10 dién, v6i sai sb + 1°C, s dung thiét bi diéu khién nhiét
RKC C100 (Taiwan). Cac khi st dung cho phan tng va khi mang duoc kiém soat
bang bo diéu khién luu lugng Omega FMA 5400/5500.

Nguyén liéu TTCE duoc gitt & 25 °C va dua t6i phan Gng duéi dang hoi bio
hoa boi khi mang argon. San pham ctia phan Gmg dugc phén tich truc tiép bang sic
ki khi (Trace GC Ultra - Italy), cot TR5 — 260E143P (Thermo Electron
Corporation) va detector FID ¢6 kha ning nhan biét cac hop chit hydrocacbon

chta clo v&i nong d6 > 1 ppm.

Céc thdng s6 nghién ciru qua trinh phan tng:
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Luong xuc tac: 50 mg.

Luu lugng dong H,: 80 ml/phat (10%H,/Ar).
Luu lugng dong Ar: 120 ml/ phut (99,99% Ar).
Nhiét d6 viing phan tmg: 300°C.

Trude khi phan tmg, xtc tac duoc hoat héa & 300°C trong 3h bang dong khi
10%Hy/Ar luu lugng 80 ml/phut.

Ché d6 phan tich san pham bang sic ki khi dugc dua ra trong bang 5:

Bang 5: Ché d6 do ctia may séc ky khi

FID
Nhiét do 250°C
Detector Khéng khi 130 ml/phat
H, 40 ml/phuat
\ P 30 mi/phat
Cot Cot mao quan, cdt Thermo TR-5 30x0.32mm ID x 0.25um film
i Nhiét do 40°C
Lo
Thoi gian 15 phut
Co chia dong
L Tdc do dong 54 ml/phat
Dong vao : .
Nhiét do 150°C
Ti 1é chia dong 67
Khi mang 0,8ml/phut

Hoat tinh xuc tdc dugc danh gia qua do chuyén hoa cua nguyén li¢u TTCE. Bo

chuyén hoa nguyén liéu (C) dugc tinh theo cong thirc:
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S6 mol TTCE phan ting

Do chuyén héa C, % =100 x , ,
S0 mol TTCE cap vao

S6 mol TTCE cép vao - S6 mol TTCE chua phan g

hay C % =100 x
S6 mol TTCE cép vao

Do s6 mol TTCE trudc va sau phan tmg déu ty 1¢ voi dién tich pic TTCE khi
phan tich trén sac ky dd nén cong thirc trén dugc thay bang:

Dién tich pic TTCE truéc phan tng — Dién tich pic TTCE sau
phan Gng
C % = 100x

Dién tich pic TTCE truéc phan Grng
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PHAN 3

KET QUA VA THAO LUAN
3.1. Pic trung ciu tric hoéa ly cha xic tac
3.1.1. Pic trung dién tich bé mit riéng cia xdc tac

Dién tich bé mat riéng cua xuc tac BM1 (100Pd/C*) xac dinh theo phuong
phap Langmuir 1a 1181,29 m%g, duong kinh mao quan trung binh tap trung & 9,14

A. Pudng dang nhiét hip phu va nha hap phu cua vat liéu dugce dua ra trén hinh 7.

Isotherm Linear Plot

L

]
=}

Quanity Adsorbed {cmig STF)

=1
=1

L] 0.1 0z 03 04 05 0.6 o7 o0s 0.9 10
Relative Pressurs (F/Fao)

Hinh 7: DPuong dang nhiét hap phu ctia xic tac BM1

Nhu vdy, BMI thé hién duong dang nhiét hip phu loai 1, khong xuat hién

vong tré. Piéu ndy ching to xtc tac ndy 13 vat liéu vi mao quan.
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3.1.2. Ham lwong kim loai thue té

Ham luong kim loai thuc té dua 1én chat mang sau ngdm tim duoc phén tich

bang phuong phap ICP AES. Két qua dua ra trén hinh 8.

1.4

1.2

0.8 -
0.6 - m Ly thuyét
04 - W Thucté

Ham lvong kim loai (%)

0.2 ~

BM1 BM2 BM3 BM4 BMS5 BM6 BM7 BM8 BM9

(‘ac mau xuc tac

Hinh 8: So sanh tong ham lugng kim loai theo 1y thuyét va thuc té

Hinh 8 cho thiy ham lugng kim loai theo 1y thuyét va theo thuc té c6 su khac
biét: Theo ly thuyét, tong ham lwong hai kim loai bang 1% khéi lugng xtc tac
nhung thyc té cAc miu xuc tac da tong hop ¢ tong ham luong hai kim loai thap
hon dy kién. Nhu vay, qua trinh ngdm tam kim loai 1én chit mang méi chi dat hiéu

qua khoang 90%.

Su sai khac ndy c6 thé do qua trinh tong hop xtic tac chua chinh xac, hodc do

cac kim loai phan bb khong dong déu trén bé mit chat mang C*.
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3.1.3. D¢ phan tan kim loai
Do phan tan ciia cac tAm kim loai trén chat mang dugc xac dinh bang phuong
phap do hap phu xung CO. Két qua do phan tan va duong kinh hoat dong trong xuc

tac duoc dua ra trén hinh 9 va 10:

12

10

S

= 8

8

= 6

oS *

] 2 m Pd-Ni/C*
0 i T T

100Pd 75Pd25Me 50Pd50Me 25Pd 75Me

Thanh phan mau

Hinh 9: P06 phan tan kim loai Pd trén cdc mau xuc tic HDC TTCE

Hinh 9 cho thdy do phan tan kim loai cao nhat trén mauS0Pd 50Fe/C*, do
phan tan thip nhat trén mau 100Pd/C*. Cac miu 75Pd 25Ni/C*, 75Pd 25Fe/C*

cling cho d6 phan tan tuong dbi tot.

200

160 -

120 -

80 W Pd-Fe/C*
W Pd-Ni/C*

buong kinh (nm)

40 -

O -
100Pd  75Pd 25Me 50Pd 50Me 25Pd75Me

Thanh phan mau

Hinh 10: BPuong kinh hoat dong trong xuc tac
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Hinh 10 cho théy duong kinh hat hoat dong ctia xtic tic, mau nao c6 do phan
tan tdm kim loai cang cao thi duong kinh hat hoat dong cang bé (mau 50Pd-
50Fe/C* c6 duong kinh hat hoat dong 1a 11,04 nm), va nguogc lai, mau 100Pd/C*
duong kinh hat hoat dong cao nhat 1a 183,24 nm. Vay d6 phan tan Pd trén chat
mang thuong ting khi c6 mat kim loai thir hai va mtc do tang (c6 thé 1én téi 15

lan) tly thudc vao ban chit va ham lugng ctia kim loai thir hai nay.

3.1.4. Su phén bd kim loai trén bé mit xiic tic theo phwong phiap TEM

Binh (M0).004 — Binh (M1)-010 —

Print Mag: 58200x @ 51 mm 100 nm Print Mag: 58200x @ 51 mm 100 nm

3:57:05 p 0301710 HV=80.0kV 2:27:48 p 03/01/10 HV=80.0kV

TEM Mode: Imaging Direct Mag: 30000x TEM Mode: Imaging Direct Mag: 30000x
EMLab-NIHE EMLab-NIHE

a) C* b) BM1 (100Pd/C*)

Hinh 11: Su phan b6 kim loai trén bé mit xuc tac

So sanh két qua TEM cia hai mau: chit mang C* don thuin va BM1
(100Pd/C*) ta nhan thay: khi tim Pd 1&n chat mang C*, trén bé mat than xuat hién
cac hat kim loai, phan bd tuong d6i ddng déu. Chinh cac hat ndy Ia tdm hoat tinh
clia xtc tac, co vai trd hdp phu H nguyén tir, hdp phu TTCE dé xay ra phan tng
HDC.
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3.1.5. Sw phan b kim loai trén bé mit xiic tac theo phwong phap FE SEM

IMS-NKL x150k SE(M,LAD)

a) BM1 (100Pd/C*)

IMS-NKL x150k SE(M,LAQ) ST T 3000m IMS-NKL x150k SE(M,LAQ) ST S00nm

b) BM5 (100Fe/C*) c) BM9 (100Ni/C*)
Hinh 12: Sy phan b6 don kim loai trén chat mang C*

Cung trén mot bé miat chit mang, cing d6 phong dai 150000 lan, mau chira
kim loai khac nhau, ta quan sat thiy: Tam kim loai Pd 1én C* cho xUc tac c6 bé
mat min va déng déu; tim kim loai Fe 1én C* ta dugc xtc tic ¢6 bé mat mép mo,
nhiéu goc canh, va tuong ddi dong déu; tim kim loai Ni 1én C* ta dugc xtc tac cd
bé mat khong ddng déu, co su phan biét cac cum kim loai to nho khac nhau.

Mt khac, khi so sanh sy phan bd kim loai trén bé mit xuc tic don kim loai
Pd (BM1) va ludng kim loai Pd-Fe (BM3), Pd-Ni (BM6) ta c6 két qua nhu trén
hinh 13:

Nguyén Thi Thanh Binh — Cong nghé Hitu co Hoa dau 1 — K50 Trang 39



D6 dan tot nghiép: Nghi€n Citu xiic tdc Pd-Me IC*cho qud trinh hydrodeclo héa

IMS-NKL x150k SE(M, LAQ) T 500nm

a) BM1 (100Pd/C*)

IMS-NKL x150k SE(M,LAO) T 300nm  IMS-NKL x150k SE(M,LAQ) S 300nm

b) BM 3 (50Pd 50Fe/C*) ¢) BM6 (75Pd 25Ni/C*)
Hinh 13: Su phan b6 kim loai trong miu xuc tac ludng kim loai

Khi ¢6 mat kim loai thtr hai (Fe, Ni) vao hop phan xtic tac Pd/C*, ta thay bé
mat xuc tac thay doi. Fe 1am cho bé mit xuc tac khéng con tring min, tao ra cac
hat toi xdp bam trén bé mit chit mang C*. Cac dam Pd bi phan tan thanh cé4c hat
rdi nhung van tdn tai & dang dam 16n. Mat khac, khi c6 mat kim loai Ni vao hop
phan xuc tac Pd/C*, x(c tac ¢ su két hat to nho khac nhau va c6 sy phan bién hat
rd rang. Ni da l1am cho bé mit xtc tic khong cOn trang min, cac dam trang Pd tach

roi han, dé 10 ra nén den cua chat mang C*.

Nguyén Thi Thanh Binh — Cong nghé Hitu co Hoa dau 1 — K50 Trang 40



D6 dan tot nghiép: Nghi€n Citu xiic tdc Pd-Me IC*cho qud trinh hydrodeclo héa

3.2. Hoat tinh xuc tac Pd-Me/ C*
3.2.1. Hoat tinh xuc tic ciia cAc mAu don kim loai Me/C*

Két qua thir nghiém trén cAc mau chi chira Pd, Fe hodc Ni 1% khdi luong

dugc dua ra trén hinh 14.

70.0 +

60.0 -

50.0 4

40.0

30.0 +

20.0

Do chuyenhoa (%)

10.0 ~

0.0 -
0 15 30 45 60 75 90 105120135 150 165 180

Thot gian phan ung (phut)

Hinh 14: Do chuyén héa TTCE theo thoi gian phan ing trén c4¢ mau xuc tac Me/ C*

Quan sét hinh 14 ta thiy: Mau BM1 (100 Pd/C*) cho d9 chuyén hoéa cao nhat trong 3
MAu, gia tri cao nhat dat khoang 65%, hai mau con lai dat d6 chuyén hoa thap hon, cao nhat
chi dat 51% va 41%. Tuy nhién, ca 3 miu nay déu thé hién sy mat hoat tinh nhanh chéng,
sau 90 phut thi hoat tinh con lai khoang 30% va sau 180 phut hoat tinh cia BM5 va BM 9
con lai khoang 15%, tham chi hoat tinh ctia BM 1 chi cOn lai 2% . Diéu ndy thé hién rang
xuc tac don kim loai ¢6 kha nang khir clo cia TTCE nhung chua 6n dinh, dic biét xtc tac
don kim loai quy bi mat hoat tinh nhanh hon nhiéu so véi cac kim loai khac. Dic diém nay
s& ngdn can viée trién khai xuc tac trén quy md lon vi thoi gian 1am viéc ciia xtc tic qua

ngan.
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3.2.2. Hoat tinh xtc tac lwéong kim loai Pd-Fe/C*
Pé nghién ctru anh hudng ciia hop phan Fe dén xdc tac Pd/C*, hé xuc tac Pd-

Fe/C* duoc thir nghiém phan Gng, két qua dua ra trén hinh 15.

80.0

70.0 -
S 600 -
<
9 2 —+—BM1
-
< 40.0 —=— BM?2
= 300
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Hinh 15: D6 chuyén hoa TTCE theo thdi gian phan tmg trén c4c mau xuc tac Pd-Fe/ C*
Tir hinh 15 ta thay: Khi thém Fe vao hop phan xuc tac thi do chuyén hoa cuc dai
ting khong dang ké nhung d6 on dinh cia xtic tac ¢d thé duy tri & mirc 30% (BM3),
day 1a mot wu thé 16n néu so sanh voi mau BM1 chi chita don thuan Pd/C*, d6 chuyén
hoa giam xudng coOn 2% sau thoi gian phan tng 3h. Trong sb céc ti 16 Fe bd sung,

50% Fe (BM3) thé hién kha ning duy tri hoat tinh XUc tac tot nhat.
3.2.3. Hoat tinh xuc tac lwéng kim loai Pd-Ni/C*

Pé nghién ctru anh hudng ciia hop phan Ni dén xdc tac Pd/C*, hé xuc tac Pd-

Ni/C* duoc thir nghiém phan tGng, két qua dua ra trén hinh 16.
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Hinh 16: D6 chuyén hoa TTCE theo thoi gian phan tmg trén cac méau xuc tac Pd - Ni/ C*

Tir hinh 16 ta thdy: Khi thém kim loai Ni vao, do chuyén hoa khong ting
nhung hoat tinh ¢6 phan 6n dinh hon nhiéu. Pudng biéu dién d6 chuyén hoa phu
thudc vao thoi gian phan tng c6 xu hudng di ngang va duy tri & mic 30-40% (mau
BM6). Nhu vay viéc bo sung Ni chit yéu c6 tac dung duy tri 6n dinh hoat tinh xtic
tac Va ti 1é 25% Ni thé hién kha ning hd tro t6t nhat.

Nhan xét:

Trong 2 bo xiic tac Pd-Fe/C* va Pd-Ni/C*, ta nhan thdy hai miu BM3 va
BM6 I x(c tac tot nhat. Ca hai kim loai Ni va Fe déu gop phan ting tinh 6n dinh
hoat tinh cua xuc tac, ngoai ra, kim loai Fe con c0 tac dung lam tang hoat tinh xtc
tac.

Tir ddy ta tiép tuc nghién ctru anh hudng cta tht ty tim kim loai dén hoat tinh
xuc tac. Vi BM3 va BM6, tha tu tam kim loai khi tong hop xtic tac 1 tam dong
thoi Pd va kim loai thir hai (Fe, Ni). Em tong hop thém c4c miu xuc tac méi co thir
ty tim nhu trong bang 6 nham khao sat dic trung d6 phan tan kim loai va do

chuyén hoa ctia cac mau xtc tac nay.
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Bang 6: Cac miu xuc tac méi tong hop

Ki hi¢u Thanh phan | Tha ty tim Ki hi¢u Thanh phan | Tho tu tim
BM3 50Pd 50Fe/C* | Tam dong BM6 75Pd 25Ni/C* | Tam dong
thoi thoi
BM3 Pd 50Pd 50Fe/C* | Tam Pd BM6 Pd | 75Pd 25Ni/C* | TamPd
trudc trudc
BM3 Fe 50Pd 50Fe/C* | Tam Fe BM6 Ni | 75Pd 25Ni/C* Tam Ni
trudc trudc

3.2.4 Pic trung do phén tan kim loai khi thay déi thi tw tAm

12

10

=]

S

Do phan tan (%)

]

50Pd 50Fe/C*

75Pd 25Ni/C*

m Pd tam trude
m Tam déng thoi

Me tam trudc

Hinh 17: D6 phan tan kim loai khi thay doi thi tu tim

Hinh 17 cho thiy khi thay d6i tht ty tam kim loai thi bé mat xtc tac c6 thay doi
theo. DO phan tan cao nhét thé hién trén mau 50Pd-50Fe/C* tim dong thoi va miu

75Pd-25Ni/C* tim dong thoi. Mau 75Pd-25Ni/C* tam Ni trudc ciing cho d6 phan

tan tuong dbi tot.
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Hinh 18: Pudng kinh hoat dong ctia xtic tac khi thay do6i thur ty tam

Hinh18 cho thiy dudng kinh hat hoat dong ctia xuc tac khac nhau khi thay d6i
tha ty tAm. Ta nhén thﬁy mau nio c6 do phan tan tim kim loai cao thi twong ung
v6i duong kinh hat hoat dong cang bé (mau 50Pd 50Fe/C* tam dong thdi co duong
kinh hat hoat dong 1a 11,04 nm). Nguoc lai, mau nao c¢6 do phan tan kim loai thap
thi dudng kinh hat hoat dong s& cao, vi du mau 75Pd 25Fe/C* tim Pd trudc co
duong kinh hat hoat dong 13 483,35nm. Piéu ndy ching to ring dé co cac tam hoat
dong bé, ta nén tim hai kim loai dong thoi v6i nhau.

3.2.5. Pic trung phan bo kim loai trén bé mit xic tac khi thay déi thir tw tim
(phwong phap FE SEM)

Hinh anh thé hién dic trung phan b kim loai trén bé mit xuc tac ciia cac mau Pd-
Fe/C* va Pd-Ni/C* khi thay d6i thtr ty tam, xac dinh theo phuong phap FE SEM

nhu sau:
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a) 50Pd 50Fe/C* tim ddng thoi b)50Pd 50Fe/C* tim Fe trudc c¢) 50Pd 50Fe/C* tim Pd trudc

Hinh 19: Su phan b6 kim loai trén bé mit chat mang ciia xuc tac S0Pd 50Fe/C* khi
thay d6i thir ty tAm
Quan sat hinh 19 ta nhan thay: khi thay d6i thtr ty tim thi bé mat xtc tac co
thay d6i theo. Viéc tim ddng thoi Pd va Fe tao ra nhiéu tim kim loai nho hon va

d6ng déu hon so voi tim riéng biét.

a) 75Pd 25Ni tim dong thoi  b) 75Pd 25Ni tAm Ni trude  ¢) 75Pd 25Ni tam Pd trudce

Hinh 20: So sénh su phan bd kim loai trén bé mit chat mang ctia xtc tac 75Pd
25 Ni/C* khi thay d6i thir tu tam.

Hinh 20 cho thiy viéc tam Ni trudc sé& tao ra nhiéu tAm hoat tinh nho trén bé
mit xuc tac. X(c tac 75Pd 25Ni tim Pd trudc hodc tim ddng thoi 1am cho céc tam

kim loai phan bd khong déu va rong bang mau tim Ni trude.
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3.2.6. P9 chuyén héa xic tic khi thay doi thir tw tam

a. Hoat tinh x(c tac 50Pd-50Fe/C* khi thay ddi thir tw tim

80.0 -
70.0 -
60.0 -
50.0

40.0 N —+—BM3

30.0 \*_.,.\‘ —=—BM 3 Pd

20.0 7 BM3 Fe
10.0 -

Do chuyén hoa (%)

0.0 -
0 15 30 45 60 75 90 105120135150165180

Thot gian phan ung

Hinh 21: D6 chuyén hoa TTCE theo thoi gian phan (mg trén c4¢ mau xuc tac
50Pd-50Fe/ C* thay dbi thir ty tim

Tir hinh 21 ta thay: Khi thay doi thi tu tim kim loai 1én chat mang, hoat tinh xtic
tAc ciing thay d6i. BM3 va BM3 Pd cho d6 chuyén hoa cao, gia tri cuc dai dat 67%.
Tuy nhién, hoat tinh cia BM3 Pd kém 6n dinh, sau 135 phut phan tmg thi 6 chuyén
héa chi con trén 10%. Mau BM3 Fe c6 do chuyén hoa thip hon mot chit, gia trj cao
nhat dat 59%, nhung 6n dinh hon. Sau 180 phut phan tmg, d6 chuyén hoa ciia BM3
va BM3 Fe van giit & muc xap xi 30% .

Nhu vay, d6i v6i cac mau xtc tac Pd-Fe/C*, tim Fe truéc hodc tim dong thoi thi
thi 6 chuyén h6a cao va 6n dinh hon, tim Pd trudc thi d6 chuyén hoa cao nhung kém
6n dinh.
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b. Hoat tinh xuc tac 75Pd-25Ni/C* khi thay d6i thir ty tim
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Hinh 22: D6 chuyén hoa TTCE theo thoi gian phan (mg trén c4¢ mau xuc tac
75Pd-25Ni/ C* thay doi thu tur tam
Tir hinh 22 ta thiy: Khi thay d6i thir tw tdm kim loai 18n chat mang, hoat tinh xtic
tAc ciing thay ddi rd rét. BM6 Ni cho d chuyén héa cao hon hain BM6 va BM6 Pd.
Do chuyén hoa cao nhit cia BM6 Ni dat trén 75%, sau d6 6n dinh ¢ khoang 50%. Do
Chuyén hoa cao nhit cia BM6 dat 60% sau d6 6n dinh & khoang 30-40%. Mau BM6
Pd cho d6 chuyén hoa thap, cao nhat chi dat 47% va sau 45 phit con dudi 30%.

Nhu vay d6i véi Pd-Ni/C*, tam Ni trude thi d6 chuyén hoa cao va 6n dinh hon

$0 V6i tam Pd trude hodc tim dong thoi.
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KET LUAN

Tir cac két qua nghién ciru xuc tac Pd-Me/C* cho phan tng HDC TTCE, em

rat ra két luan:

1. Viéc dua kim loai thir hai vao hop phﬁn xuc tac Pd/C* ¢6 tac dung lam tang

d6 phan tan kim loai nay trén bé mit chat mang.

2. Cac kim loai thir hai Fe, Ni chu yéu lam tang do 6n dinh cta hoat tinh xtic

tac. Ngoai ra, Fe gop phan 1am ting hoat tinh cta x(c tac.

3. Viéc thay d6i thir tr tAm c6 anh huong dén hoat tinh xuc tac: V&i Pd-Fe/C*
tam dong thoi hai kim loai, va véi Pd-Ni/C* tim Ni trudc s& dat hiéu qua hoat tinh

xUc tac cao va duy tri 6n dinh nhat.

Nhirng két qua trén cho thiy, hudng nghién ctu tiép theo nén tap trung vao
viéc diéu chinh ti 1& cac kim loai phu tro nhu Fe, Ni dé tao ra xtc tac da kim loai
Pd, Fe, Ni 6 hoat tinh xtc tac va d6 6n dinh 1am viéc tt nhat cho qua trinh HDC

xt 1y cac hop chét clo hiru co.
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