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Studies on Rectifying Columns on a Laboratory Scale

Mitsuomi Ito
Akio IsHikawA

Abstract

The present report covers some theoretical backgrounds for the design of rectifying
columns on a laboratory scale available for investigations of organic compounds as a
specific tool for their analytical distillation, separation and purification. Characteristics
of the rectifying columns are also reported.

Three types of columns were made, they were:

1. Single-turn helix packed columns.
2. Concentric-tube columns.
3. Spinning-band column.

The packed columns could easily be made of glass tube, but the latter two required
delicate workmanship, though they had the advantage of handling small quantity of
sample such as five m{.

Considerations for the making of the columns were given as to satisfy some condi-
tions as follows;

1. Difference in boiling points (4#°C) of two components of sample mixture,
4t > 2°C

2. Numbers of theoretical plates (#) and reflux ratio (Rp) for the standard separa-
tion of the components,

C
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3. Time (#) of distillation including the time at total reflux,
¢ = 10—12 hrs.

4. 'Total holdup (H), H = less than 10% of charge
Sample charge (V), V =20—100cc
6. Throughput (@), Q = 50—300 cc of ligq./hr.

o
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Construction of columns and their accesaries :

1. Column section. .

The packed column was constructed of a straight gla‘és tube.

The length and diameter were chosen to give a prescribed efficiency and boil-up rate
for two types of single-turn helices, 2.5 and 3.0 mm. dia. stainless steel of No. 25 wire.

The concentric columns were constructed of two straight glass tubes of strict uni-
form bore of which annular space thickness were 1 and 0.8 mm. respectively and length
were both 350 mm. '

The spinning-band column consisted of a vertical straight glass tube, in which a
thin stainless steel strip, having a width of 6.0 mm. which was only slightly less than
the diameter of the tube.

Visible heat compensating jakets with electric -heaters were used for insulation of
these columns in order to observe the flooding state of liquid in the column.

2. Still head and condenser section.

Still head and condenser were made into one unit. And a type of total condensing
system was used according to the ease of calculation of reflux ratio as well as of con-
trol of the product rate.

For controlling the product rate, an automatically controlled glass ball valve and a
hand controlled cock were used. The former was operated by an electric magnet con-
nected to a reflux ratio timer and diverted the condensate in a condensate receiver to
a product receiver at an regular interval. The latter divided the condensate between
a rectifying column and a product receiver by its proper opening.

3. Still pot and heater.

The still pot was a two-necked flask, which was fitted to a column, and heated by

an electric heater.

Results of the rectification efficiency test:

The efficiency tests of the packed columns and concentric columns were carried
out successfully, and the height equivalent of theoretical plate of each column was
calculated. The minimum HETP. was 21 mm. for the formers, and 6.3 mm. for the
latters. The maximun numbers of theoretical plates of each column were amounted to
about 60 plates. The packed columm was suitable for handling a large quantity of
sample because of its high boil-up rate. But its holdup was relatively large. While,
the concentric columns was suitable for the fractionation of a very small quantity of
sample such as less than 10 m{., because of a small holdup. And the distillation under
moderate vacuum was successfully conducted by this apparatus owing to its small pres-
sure drop in the column.

The spinning-band column did not show so good results as we expected. The
spinning-band very often scrached the inner wall of the column. But, the relation
between the revolution of the spinning band and the column efficiency could be inves-
tigated to some degree. The column efficiency became once almost constant between
the r.p.m. range of 500 to 2000 of the spinning-band, while it began to increase again
over 2000 r.p.m.. The maximum numbers of the theoretical plates attained by this
column was only 15.
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Effects of the operating condition on the rectifying efficiency, i.e. the time at total
reflux, the boil-up rate and the heating of heat compensating jacket, were also tested
with the single-turn helix packed column No. 5.

The results of the test might be summarized as follows:

1. The equibration time at total reflux after preflooding should be about three
hours to get the equilibrium efficiency of sixty theoretical plates.

2. The maximum efficiency were obtained at 110cc of liquid per hour of the
throughput.

3. The temperature difference between the heat compensating jacket and the col-
umn affected appreciably on the efficiency of the column, and the overheating of the
jacket had rather a worse effect than the insufficient heating.

The results of the efficiency test of the DL. type concentric-tube column, which
was recently marketed in Japan, were also reported. And some examples of the distil-
lation curves obtained with these columns were shown.
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# H B T.P.: Height equivalent to a theoretical plate. [Peter, I. E. C, 14, 476 (1922); 16,
1126 (1924)].
#% H, T.U.: Height of a transfer unit. [Chilton and Colburn, I .E. C, 27, 255, 904 (1935)].
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Efficiency factor, @i\ % Fractionating factor&$238 2 H 1w 5,

A. Rose @ T8, 4B (Standard Separation) w4 5 & B #F 7n 4+ 8 & 1% 50 mol. pef
cent DEH AR A ELRSW LAY LB 40% HHEoME,? 95% Mkt w5 REH %
LTn%, = OBROREMGHBEIRR & D HEI A,

__C = _ _TITs+Ts
"= Toga B0 = BT T

zivh Rk Fenske © 3, Trouton ©H|, f&* Clapeyron © R L 0 8 X528, &
o RN EEEE, Ry BEHL o MHERE, T. kT Tsa2ma A B ofXinE
TELLHA CRUKR R, DREICIDERTKOMEHEAR L 5,

EBp = n 0%& C =285 K=3

Rp=gfn®i%é‘ C=23 K=4
2

R1)=“3—’n@3‘§g".% C=36 K =25

TN X0 T AR EE R AT B o b I 1 b 17~100 B E O MHEBK L ET 5
z 2cie b, Cook® iz Fractionating Factor (a®) # Ef4EE 2 L € 1,000, %48 2 L T
10,000 2/ 2B HE L CEHE LTV 55, ZOHBEYEZOLDICEITS

mm

Table 1. Theoretical Plates From Emprical Fractionating Factors

Difference in boiling Ordinary Precision
a zz%lglé)s distillation distillation
3.00 30 5 8
2.00 20 9 18
1.50 10 1 22
130 7 % 35
125 6 30 42
1.20 5 38 50
115 4 50 ' 65
112 3 7 80
1.10 25 — 100
1.07 2 100 150+
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BETEOR, SEOTHRE2HBILOCRAEREEZE thdabi, LrLE
BREICRUT 2 PRI HIIR 2 B U T 10~12 RN e B8R 2T D IR E Lie, ik X
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FHOCHET AR R RO ERBC IR 545 SRIC X ) 2~3 BRIIBR
Lz,
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By,
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D3FTH D
1) Single-Turn Helix packed column.
2) Concentric-Tube column.
3) Spinning-Band column.
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%,

EHEGSHEM AR WETEEE LR U BRI L oTHRE L, AR EI L CGRE 25
HERTERGEEE LS 2 /oM IR L, WHERCRREZIAH T 2 -2 B AR
CxBANTFRE Y JEHEIC X B FREERH Uik,

PIT, #EOBERHET S,
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1. Single-Turn Helix Packed Column.

HORITTIC 2 TRIREE & i 72 #he i)~
B, WR1XOHSAE X VKDY, EHESB.24
FHWE A F 2% A\, Single Turn Helix ki
DTV BOTHICHEAFE?TEY, BHLICE
F TR 5 2y 7x o B Flooding O JFRA & 7
SO CTHNGDIRD TE L MEEEL CRE L.,
FEPOFE T RCE B2 b REBEREE =
FLhMAxL4EDb, FREHGHH L & 4 Stainless
Steel O X 2 ANz,

HEEEE R Fig. LR 0& b o5 H vk, n (L

AT HRDIC T B SO TR E 1k [ R o (Fig. 1. Still Head)

MR AS A v~ L <o, v JRNEHEE (D BEBE T <230 70
FHFEMC XV ERBEEHAFT UE LR U,

2. Concentric-Tube Column (Fig. 2)

COROFEE LR —HMEOWE 7 A XA LN BCR.LCER o A7 AERHE
0, NEIUNEOH b OREATEEZ S, oM TR P LN LT
WEBEIBEARE LSBT L CRENREC T30 CRL Mok, BIREBAWTD
Th B 2PN BTRARESE L RV s, vk, BELEORREHO MY BIME oA
RONEONBC YRR R R LT i L 2 b icB.OEETCHomE Distributor %
UTHTHI D ORRBEWE T 7 XAV XD 2T CTARORTHT TR LELOWND 24X D DR

WESMENBEICLO 2 RO BTN EIMICH N
[ BBCHOH T 2% Guide 2 LCR LCh 5

B OBYEROF,AD LT oBB TR BT b
< DEIFRBEM O R 5 2T O THEE Lz, SBIERA
WOFIHIE L — 0RO b O %R L,

3. Spinning-Band Column (Fig. 3)

B R m EHCREIN B TH DO TRL
DEHE DR EOBRE L HBE /LR EHET 5
A/f@%ﬁmmﬁbLﬁZkﬂmL,%m@@b%d

/L

‘J FEgli Ui, BEBEBLTCWABI KD OME R W,

V) BTRARO 2 7 & (5 T4 2 CHIE & 0 8RS
Fig. 2. Fig. 3. %k Guide X o MEICIED I ZERCHT = v 7 #

Concentrie-Tube Spinning-Band " » HE A e F=v 7 a2

Column Column UBHIEs it KoTeEdme2iTimb Ly, Midgx
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ZH O FHhe Guide 2 U-GEFIHE R I 2 bR o L,
TR DWW 3 & b R Ui,
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PR S = A = 8~ REHART 2 e T T2 R O THN IR ET Ch 2
RBSHIETICHE
AL OMER 2 D5 MR B LT, STHrREIC)T 2 FRMEOHTLE L, X

R R SR 4 BRI 97 B WP CHUIE Uy FIBRIC R R TN 2 R w OB R A B
Rl TECI T B ok E S B L,

RS O MAE e UCa@miaL, R, BERRCii % Total Holdup, iz i LG B,
HETP. Jovsk 2 o EMHER R 2 HE Ui,

L B A SESERZEYHBCRC TEHEHRTBC IO TENOREZMVED 2

R B SRR ] LT T ORMMEN ToR e I o CGRAHOREE A5 o &Rl
Fiz, BWHREREWORTMTED ONEECH 52, FBECcryt Byl b BRI o 7

RIEN ORISR o e Lo ETE L CRTEAELL 50 TR TN TR GE
O &% HE L,

2. JF & KEFILOBEORL D TATF VL ETHOEI#EA2 KB E & HlE L
oo

3. Total Holdup  EMIFEd2F v oA 4 <ML RRETERER VexFrvoln
A kY, ATFNVECELZEERHE Lic, = OB OEREE R D~ B SE ok

feo THIRE Ui,

4. EBE O EEMUE L - LRS- R o Bl R E sl et &
BEE 1o A O BRI RN A F AV BRI D AT 3K XD SR 2 AR SRR © v A ke SR b B B
Bow o L.
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Methylcyclohexane (#%: 1.4232 DP: 0.7693 B.P.: 100.8°C*)
n-Heptane (n%: 1.3879 DP: 0.6839 B.P.: 98.4°C¥)
fif e d AR O B AR A IR L T v Y, KBRS AR A L
TR PR S B BCEAL LS 2 RBC R 28R LT, fhbzrxZ vy
~FREHRT 24 0ThH 5,
B o 35 k Fenske o # 0 X o Tfiinofz,

* Bromiley and Quiggle: L E.C., 25, 1136 (1933).
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tog (-1 %2 ) —log (1%~

loga
Yoo WHE O AR O T Mg
X1 AT VR OB SRS 0 TR
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AF D OMBRIR OB HEE AR Lo Holdup, #7385 » JEBE U B oM:feic
RORELSBETIRFCH L, AREFEXEERTCHETHI Y AFVvicE R+ 5 1 5Ho
WTECR %, TOWE LRoREER CCERORER Y L, {0 THERIEED
HAFERGEECRBEINTWERWOCILN L O Th 5,
3 RREAROEE
5 o RERIESMERICITIC B S 52 2B Ui, BE O SRS b O e
U, BRI O R 272w B oo e, (RiEOFEN S A ORESIEN T
BHEIDEECE)EHOCELL Ty RECH L, #BFE0EEY R0 ThHSD, WHH
MG EEN DV L E Ly, C o CJlFE Licli o R Lol oREHoRE L
BHREAFVAOMED P DHECHD
4) Spinning-Band Column o @ {5k & 74: 52 o B{E
R S vie v ¥ ollzic X 2 BINEIR O B & £ OBoR Il S A BEic g an s
Lo rBbhd, Xz C i BHE LR RYE SRS 5 O TR D R & Einiua g L
BHMinves, HEERENNC L 2 TERRO MRS oBREC XL s HoELLE 2 bR
By PEOCEHARLLEMO S O 2SRRI S Hin s 2 BbN b0 CrofEEriRk L

BB o# R
RIF B OHT
BT U BB 0 BT B O POIRIE O B IRIC B T —HE L CUIC T
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1. Single-Turn Helix Packed Columns

Single-Turn Helix X0tk H+ 5

ok @ 5 i No. 1~No. 5 #814: U =,

A )T B2E%

L,
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Table 2. Dimensions of Single-Turn Helix
Diam. of wire | Diam. of helix | Surface area ; Volume Weight
(mm) (mm) (em?), | (cm?¥) (@)
A 0.24 25 | 0.0603 8.57510~4 246410~
B 0.27 3.0 E 0.0812 541x10— 38.50 104
Table 3. Dimensions of Packed Columns

Column | Column | Volume Space ratio pou < peers aszatic HoldupW tor
diam. | length |of Space A B 3 12 5 5 T € 7
{em) {em) (ee) (26) % (ce) (ec) (ce) {ce)
No.1 | 045 580 92 | 793 | 786 | 03 0.6 105 10
2 0.62 71.5 20.5 80.0 80.6 1.0 0.9 1.4 2.0
3 0.65 97.0 33.0 80.0 81.0 — — —_ —
4 0.79 95.0 46.5 77.1 78.1 1.5 1.6 2.1 3.0
5 1.30 135.0 144.0 — 80.5 — 4.5 — 6.0

Table 4. Number of Drops of Reflux 1ce at 20°C
From column From still head

n-Heptane Benzene Y Water n-Heptane 1 Benzene Water

No. 1 4 38 1 18.4 46 z 0 .

2 51 48 19.0 46 i 40 E 18

3 46 43 19.5 46 i 40 X 18

4 42 39 | 15.0 47 | 44 g 19

5 42 89 § 15.0 47 E “ 19

2. Concentric-Tube Column

Concentric-Tube Column @ BR2ef] o Bl

% 278,

D.L. # Concentric-Tube Column % #3545

No.1 i No. 2 2 aEgris A L

Table 5. Dimensions of Concentric-Tube Columns
Material A rensa® | Recifing section
(mm) {em)
No. 1 S.B. 24 Hard glass 1.0 36
2 ” 0.8 35
Telex glass 0.8 35




50 PHOGE - A)lE%S 10

3. Spinning-Band Column
Z PSR TR A U 2 v — I B TR T B,

Table 6. Dimension of Spinning-Band Column

o Column ‘ Band
! . i . | -
Material E Diam. | Length . Material Thickness Length f Width
o | (mm) :, {mm) (mm) (mom) | (mm)
SB.#24 | : .
Hard glass | 60 695 | Stainless 0.6 535 4.0
HEER BRIE R Vo ER
HRAE OV o O % -1 T WL —F LT =5 5,
1. Single-Turn Helix Packed Columns
FH ORI E L O LICHBRLTEDIZRELDTH D L B2 NN AT HERL 2

FiCi: B oS E R 286 Bas i B dvic, AWl TREEGEO BB RR S b
i BT No. 2 o Zie iy CRii 3 5,

HETP. X9 RTNo 2 pfaiyicik d B <, RE2ImmEEe HETP R4
AR e, HoEHEECE D 50 BH Lo MEGREEAT 22 en/RE LWOT, il
LLREImP Lo EESLERRED I, FRn PR TR E QWMEEF R ThH
D, XARTERHAC T LCEEs G C LR e, BRI 3w T a4 6

feFrbhs,
Table 7. Single-Turn Helix Packed Column
i : i Pressure i Maximum Time of
| i f o .
Column | Packinz Flﬁ,’gﬁ;gg Drop I};Okti%l Theoretical | HE.T.P. |Equilibration
No. 2 at 758 mmHg p Plates at Total Reflux
{ee/hr) (mmE-0) {ee)  {t.p.100ce/hr)| (mm) {hr)
. A 14.4 — — — — —
B 24.0 — — 10 58.0 2
2 A 150 — — 24 29.8
B 225 200 5.7 34 21.0
4 B 240 — 7.0 28 32.7 45
5. | B | 540 b 250 150 | 60 224 | 35

2. Concentric-Tube Columns
COROBETHUCMRERELES T OO RS TR B RIE D IR A Lk
THEBIVY, ML E VT LAES LN, B ORE N, FIEHE A i v
TR BREERE RS ICRE Y, R REFRIGEEBHAZBRI<EEENCHED #E 2 5
ZHDHEOBAEMNI T L TH D, 0 CRG ML HEE L 2 edicid, WHallyio
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WEME AL, P2 TR, BRI A <7 b v fo C o iE R e bR &
Thb, {E0THE2HFREWO TR REY LR s 2 b s, SBlsaEmsm
S RERIN T ofe, HAMER I Ui

KAES W DL B SGEoMi ey iR Lz,

Table 8. Concentric-Tube Columns

e | ] . Time of
Flooding | Pressure poia) Holdup (12500 | HETP. | Equilibration
‘ Plates at Total Reflux
(ee/hr) (mmH-0) | (ce) (mm) (hr)
1 <0 | — 85 | s 100 3
2 00 - 23 54 | 63 3
DL 00  — 15 | 110 3.1 25

3. Spinning-Band Column
Bk B < BES IHEECh 2%, BEL R D M C TR s AR e R PHEI0 b
OEVED T BRI DI,
Spinning-Band o ElEg 2 26 L CTE OEHx /5 2 Ea 2,500 &5 ¢ — ELE e %
Ufe B OV R B A B AL, BN O WRAECR I I b i 2L TR b 0 2
2 Hivn, (Table 12) H#H4:rk Concentric-Tuke Column ¥ BE#:FEH /& < X Holdup &

Dt O TEIICBE S RV O B o R BRI 2 B2 bR B,
yric. Single-Turn Helix Packed Column No. 5 & v T &8 H o e (BEBHED 1
3B
TR TR R SORTE, AT, R e L, ToRo 1ok ge Lok,

1 é]&u[bﬂ%Fﬂﬂ@'ﬁ/@

; ’f'}l!]“j \71“‘ II/{T o TILL’;

IR 250 ce of lig./hr F Of 100 cc of L
lig./hr /o —58 UC, Rk R 2 JUENR T 60— .
e L TR R OSTIC R 5% o] T
- A TS cesr
T I3 D 7o BT LR 4 200cc of lig./hr - 2 .
JeX T0ceof lig./hr TH o, EBULTIED g ol / o
R Ry e komL is s, & B
) H |
BlicfiooThiis b, MEEEO REFWYE o : :
4 Throughput
VEAY 2 RT3 E B s Bl B B vk 30 B B 250 1iq. cc/br
20l
ﬁz“ﬁ" Ed{ﬁrﬁji{ﬁr{‘?*’: ( é % 317_17::[!!1 é&@:g’ ‘: /A: L H ! L ! { L. i s L
0 o 20 30
D TR BERE 28 3~4 BERZ 0 2> B @ 40 50

e Time after preflood (hr.?
EHRRD B, D FR AR TEREGE © Fig. 4. Effect of time at total reflux
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Table 9. Effeet of Time at Total Reflux

Throughput: 250 ce/hr Throughput: 100 cc/hr
Reflux ;200 ce/hr Reflux : T0ecc/hr
Time at total reflux No. ofpic:ggsretical Time at total reflux No. ofpltsﬁ;%retical
(hr) (n) (br) (n)
05 25 05 ! 33
10 26 | L5 z 40
1.6 28 2.2 " 43
2.0 30 27 \ a8
3.0 | 31 : 3.0 ‘ 59
35 29 . 35 g 61
40 i 31 42 { 57
45 ! 31 ! |
5.0 30 l

B SEIEOZ L T 2 2R LT,
2 EREEONE
ERUSRE 2A L U, s o] .
RO b —EIC L TR O .

R
i, SEmEERRom< Ry, XH
= a4
IR BHBE O TNV EE2R LR, -
| e {'ﬂ =T l 6ﬁﬂ< 7\$ﬂ“ B{ 110 o8 é or Tige at totsl refiuk :
g

BEOMRERUUES, HasHECE 7 | -
FHMERDNE L ol BRIl S T A0
m%ﬂ%@ﬁ@%@%%ﬁ~%mm9%

38

<, NPT 5O 155 il , , , | , | .
2: Tﬁ;i z ;;,) Eﬁjj‘;ﬁl B 'Z:O { i) /]__ o iGQ 200 300
. Thrioughput 11q. cc/hr
REEELTEI T2 21, HaAERS
FIRBEAE < = AR Fig. 5. Effect of Throughput
Wz &2 IR E S 2 Te D, R
Table 10. Effect of Thrdughpu‘c
Column --«--- No. 5 Time at total reflux -« 2hr
Throughput * Reflux : Y. 1 X, Theoretical
(ce/br) {ee/hr) plates
360 3 240 j 07810 \ 0.1291 384
240 | 200 0.8025 | 0.1532 438
200 Q 190 0.7802 | 0.1267 41.2
180 1 110 0.8740 ‘ 0.1774 ‘ 46.1
i 1 i
135 * 90 | 0.7362 z 0.1228 ‘ 41.2
| i i
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(Table 10 Continued)

Throughput Reflux  Theoretical
Ya Xs | lat
{ee/hy) {ee/hr) ! blates
120 60 0.8305 0.1364 40.1
120 30 0.8125 0.1147 46.7
110 70 0.8125 0.1069 47.3
100 70 0.7946 0.1027 46.8
90 60 0.7944 0.1027 46.8
70 50 0.7685 0.1027 44.6
56 45 0.7436 0.0853 43.7
50 40 0.8197 0.1339 44.0
OEEBEEEAHHA L &L -3 5
3Tt
CeREIOHEBILREEEEbS, »
3. RENBOME ok
ORISR 2R, 7 R 200co/hr sl
o —5 U TR I o8 2 R,
RN OREZE LA FROM Ed TEER L
fbﬂn}\ X /J\ g-o
WBF D GRS SRR T 5T <
B BHBRC OREFREBEN T IREENEE L VE
CHEEEICED rEbI S, 2 KT
SN . 6
ik +10°C TR AT b o ke, 4 - L
-5 [] +5

I o T B I < ORI W 3B Wi
It g Y P =B - s 9)\@ Vi
TR bR < WD R Fig. 6. Effect of temperature difference
OMEGIRE L ED 2 00Nk Th 50 TRT between the heat conpensating
. L ean e jacket and the column
FThMBARBEL V- 2RNECTH B, !

Temperature difference

Table 11. Effect of Temperature Difference Between the
Heat Compensating Jacket and the Column

Column -+ No. 5 Time at total reflux2hr  Throughput - 200 lig. cc/hr
Difgrence | Refux | Theoretical| ypmp | DFRonc® | gopgy | Theoretical| grpqp,
perature plates perature plates
(4t°C) (ee/hr) (n) (em) (42°C) (ce/hr) (n) (em)
— 4 25 81 450 0 197 36 3.86
— 3 36 34 4.07 + 0.5 220 35 3.97
- 2 65 30 ' 4.65 + 5 — 29 4.73
-1 97 36 3.86 +10 — 20 5.40
0 145 34 4.07 +13 Flooding — —




54 PHEEE - TS 14

4. Spinning-Band Column r.p.m. O §

SN A 1R, ZEyeuif 170 cohr & LT, Spinnieg-band o mlig i o 5
1. Table 12, Fig. 7 o TH21,

. Gl L,
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Table 12. Effect of r.p.n. of Spinning-Band

Time of Equilib-

r.p.m. Flooding point | Total Holdup} The(iritical HE.T.P. ration at Total
(ce/hr) (ce) | plates ‘ (cm) Refux

3,000 15 3.67 1
2,500 350 35 15 3.67 1
2,000 13 412 1
1,000 12 4.45 1
500 12 4.45 1
50 9 5.94 2
0 4 I 13.88 3

5. D.L.# Concentric-Tube o
Column DO#EE 3
g R o 2 B¢ Concentric-Tube Co- g
lumn OEREICEE R B0 T, HEK 4}
TEBNBEERAL, ToMiEREY | ; !
i 3 b YT 2,000 000
fTorzo T ET %, (Table 13) r.p.m. of Spinning-bang >

Fig. 7. Effect of r.p.m. of Spinning-band

Table 13. Test of D.L. Type Concentric-Tube Column

Throughput Reflux ‘ Tlmi e%::v;cotal Theoretical plate RETP.

(lig. ee/hr) {drops-min) | (hr} (n) | {em)
108 20 1 58 0.603
108 20 2 92 0.880
108 20 2.5 110 0.310
150 40 1 67 0.522
150 | 40 2 76 i 0.459
150 40 3 78 0.449
200 60 3 75 0.467
250 120 1 36 0.99
250 120 2 48 0.728
250 120 3 52 0.67
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1) Rose: LE.C., 33, 594 (1941).
2)  # : Technique of organic chemistry. Vol. 4, Distillation. p. 169.



