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DENSITY MEASURING SYSTEMS
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— Density Gradient Tube Method 4 Direct Reading —

TREDOFREICERN :
Comply with the standards ——
below:

JIS K-0061-1992, K-7112 1980

ASTM D1505 St Bt anllaal
H—K, 6KF THRETHE

For measurement of a large

number of samples =

With up to 6 large glass

Type A (%/Left)
SYUTIARAHASIRIY Y

tubes

Type B (A/Right)

LY TIWRERATRAS Y >
F—ih, ARFECHEHE

For measurement of a small
number of samples

With up to 4 small glass

“h-..\—_—-_'/

tubes
Lol FEATURES
1. BEARESEDFEAIZEY .. BIFXZEE. 1. Density gradient tube method makes density
noO. BETY measurements stable and easy.
i - io - N 2. Standard density floats - the heart of this
2. ELEDORFEHOBUHDRETERE measurement principle - are backed by
FERALET. Shibayama's 30 years of experience.
3 EEBEROBERT. EEAMO T AR 3. Backed by maintenance service - re-verification of
. . A standard density floats and periodic calibration of
& TC ST AR 4 .
(**IE:EED% EME), FDAALTFLR the main unit (a calibration certificate is issued).
BESEHLTVET, 4. Highly accuracy measurement (Group A floats are
4. B¥EEBIE (£0.0002 glcc) MATRETT . calibrated to +0.0002 gfcc)
Bl o S 44 . 5. Wide range of sample shapes (films, plates,
5. WREAMOMIK (74 ‘}I["A:‘ TL—Fh. pellets, etc.) and materials (solid form).
XLy FEQEWK) . BEALEETY,
A & APPLICATIONS
1. B0 FHMHOEEINERE 1. Density measurements of high molecular weight
. materials
2. #HE (KA. '”3%) DE ERIE 2. Density measurements of fibers (natural and man-
+ A made)
3. BIEMIYOERERE 3. Density measurements of resin products
4. REEHEZEM & L =2 4. Density measurements of products for quality
control




wEE
Density

X EERDZEEFRERIHAE
BHIZ5 cmMBIfEICE > TWVEY,
EEIE10 cm~20 cmIZH Y £9,

The standard density floats in the
above density gradient tube are
shown at 5 cm intervals for
explanation purposes.

In an actual application, the floats
should be located at 10 to 20 cm
intervals.
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FEABRBEIZOLNT

FEOERGIBNERL TREZEEL TV IREAEREMUET,
AEADETHEIEEORLEVE. XEBEIEEORHLEVETHEE
AER SN, TOHEEERLTLET,

ERAE

DY UE— IR EEINE-ARRIEFDORIEEREEREO-OHIZIERER
[CRELET, AEAOPICIZEZERS~THEEZEMMBISENR, RIC
HE AR, RS EREELE L-MEZZARYET, COEZA
£, JISK-7112-1980 (BENEBEX) ICEDEFET,

ERL T &

BNNOHLIBEEDQE 8K LBEOE IER] £ RBE L THER
LET. AFRVYUF—DOTFTERICEREAN, TOLIZREICEEN
INSKBRBEREIBIZANTIN &, BEABRZRH SRANTEET,

BEZEER (HF5X70—F) 22\ T

BN EEEFFDFEE+0.0002g/cc (AT IIL—TDIBE) DASRKTT,
FENREDICEEZREREZINBILIZEY., TOFEEETRLE
T, EEFRERICEIRERAENFTMASINET, RERAZ(C(EX. IS
K-0061-1992 ({LZRHBDOFERVLLEREAZE) ICEIBREAE.
RU. REICHEALEROREFZINFHASATLET, FMIE. 5l
i MZEZERONL—HEYTAI2DO0WTL 28BS,

Tt ESE

ME: BEASR
A4 X BEEH5mm
¥E: AJI)L—T (£0.0002 g/cc) B4 )L—7 (£0.001 g/cc)

0.8000 ~ 1.1999 g/cc 0.800 ~ 1.199 g/cc

1.2000 ~ 1.5999 g/cc 1.200 ~ 1.599 g/cc

1.6000 ~ 2.2000 g/cc 1.600 ~ 2.200 g/cc
ERAE

HIRAV) VA —IEERARKRER- L. ZEFRERS~7EEERHRIC

FEOAR. RICHHEEZHIR, HENBEEFLLABEEHRAMS L

C&kY. BERKEEBNAETEET, HIXADUUEA—DBERLE

EFRERMNMEL LIIEOHBEERN. BEAEOA D y—(2hHY, &

HOFEMNMELE L-MEZHRAMASIENSIEZATT,

1) BEFEXKIEEOEEETEETEET, (0.8000~2.2000 g/cc)

2) BIEEFERICIE L —HYEY T HOBRERIMEENFASNET,

3) AWM EFI—HY—D/N\Y 3> (Lotus, X(&. ExcelZfEMA) IZ
ANThiE, ZEEHIEZICROOIAET,

4) BHORMERBICAETCEET,

B 7€ F 5

FEARRICEEZEREZZFHBIENARD - HARNEENMMD —
HAHOMEZHRANS - HAMOELZRBEDEREY I MAHNTS
(Excel. XIF, Lotuszfifl) — HEMEAERINDS (RNZFXK)




T ABOUT DENSITY GRADIENT LIQUID
1
- A density gradient liquid is composed of continuous layers of liquids of different densities.
The lighter density liquids rise to the top layer of the density gradient liquid column, and the
heavier density liquids sink to the bottom. the density gradient of the layers between the top
and bottom is continuous.
Installation and Use of Density Gradient Tubes
density gradient tubes filled with the liquid is installed in a constant temperature oven in
order to keep the liquid column unchanged over a long period of time. Several standard
density floats with even density differences are placed in the tube. Read the scale to show
the sample position in reference to the nearest floats.
This measuring principle is based on JIS K 7112-1980 Methods for Determining the Density
and Specific Gravity of Plastics.
Preparation of Density Gradient Liquid
Density gradient liquid can be prepared by mixing light and heavy density liquids which have
affinity.
Place heavy liquid at the bottom of the glass. Place layers of mixture with lighter density over
the heavier layers until the density difference between the light liquid is canceled.
This completes the liquid column with desired density gradient.
T WHAT ARE STANDARD DENSITY FLOATS?
| |
= The standard density floats are glass balls 5 mm in diameter. The density is adjusted to
=+0.0002 g/cc (Group A) of nominal density.
When these floats are placed in a cylinder of density gradient solution, the graduated
scales of the cylinder corresponding with the position of the floats equals the known
densities of the floats.
Each float is supplied with a verification certificate showing the test instruments carried
out according to JIS K 0061-1992 Test Methods for Density and Relative Density of
Chemical Products. For details of test, see 'Traceability for Standard density Floats'
separately available.
Specifications and Accuracy Groups
Material: Hard glass
Size: Approx. 5 mm in diameter
Accuracy: Group A ( =0.0002 g/cc)  Group B ( =0.001 g/cc)
0.8000 to 1.1999 g/cc 0.800 to 1.199 g/cc
1.2000 to 1.5999 g/cc 1.200 to 1.599 g/cc
1.6000 to 2.2000 g/cc 1.600 to 2.200 g/cc
Usage
Several pieces of standard density floats with even density differences are placed in a
density gradient solution filled glass cylinder. Place a few samples whose densities are
unknown in the cylinder. Read the graduated scales where the samples rest.
Correlation between reading of the scales on the cylinder in relation to the floats and the
resting positions of the samples functions as a measure of the density gradient to determine
the density of the samples.
1) Standard density floats can be manufactured to provide density values of even intervals
(for Group A floats, in the range from 0.8000 to 2.2000 g/cc)
2) Each standard density float is supplied with a verification certificate with traceability data.
3) If resultant readings are entered into a personal computer (with Lotus or Excel software),
the density values can be easily calculated.
4) A number of samples can be simultaneously measured.
- e
o MEASURING PROCEDURES
| |
-

Place floats at even intervals in the density gradient tube. — Place samples to measure in
the tube. — Read the locations of samples with the graduated scale on the tube. — Enter
data values to accessory data mathematical calculation software (which operates on Lotus
or Excel) — Density values are calculated according to the method of least squares.
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ABRIZV) S —BEOFRYE GHNFSRESLE LB
EAAL. BEBEZEHTHHERXTYT. ZEEECHEHICE.
BN 2REDAXEFRALTLET,

R 2FEDDRE-TH=OIZ, TORICBHEGEZANLET,
1 £FLEEEHROBRE. RV, BEBZEANT S,

1 2 3 4

n 1 1 1 1

BE{E : X 46.7 42 34.9 29.7

HEME Y 1.3801 1.3848 1.3902 1.3949

YDIE/E  1.380452 1.384376 1.390305 1.394647
5 6 7 8

1 1 1 0

23 17.2 11.2 0

1.4]  1.4051 1.4101 0

1.400241 1.405084 1.410094 1.419446

BEfE : x=70— FARFERL TS BEIE
BEME: y=FEALTVWIREXROEERE
X, RO, yI>T 5 RS, ZhEh, X8 dE#) . kU,
YEh (fitEh) 1Y ES,
N=FXEEXROELH (BEEXE. BE. 1 DOEEMEITHL.
1TEFERALET, #€-oT. nlF1IZHBYET, )
YOERE=TORTRHEIAT, y=ax+blz& UKD OH
FY. ChITHL T, yDEEEFIEAETT,

2. EROT—2ZHEHIZ, TRORNVEBERESI S,

No. n X y Xy X" 2

1 1 46.7 1.3801 | 64.45067 | 2180.89
2 1 42 1.3848 | 58.1616 1764
3 1 34.9 1.3902 | 48.51798 | 1218.01
4 1 29.7 1.3949 | 41.42853 882.09
5 1 23 14 32.2 529
6 1 17.2 1.4051 | 24.16772 295.84
7 1 11.2 1.4101 | 15.79312 125.44
8 0 0 0 0 0
g (0= E Jy = Ixy = X" 2=

i 7 204.7 9.7652 | 284.7196 | 6995.27

LTEOEHEZRAL. RN 2FEZOLAKXIPEIINET,
2 y=ax+b
a= b=
a. RV, bOEZEKRDH-#%. yODELSEHEIIET,
BHSNfEL. yOBRELHYET,

BREX HEKXICHEVLAGL,, FEOBEREMBEZERAL.

HRLES,
BBkl
HEE (yOEMRE)

3. BALEHVILDBERELZARNICANTSE, BEMED

HEHEhb,

DY UE—DBERE (YU TIEILELE)

| 10| 20| 30| 40|
BREELYVEHIN-FEE

[ za1ma] 1.4027] 13944]  1.386]

W ERE#R,/DENSITY CALIBRATION CURVE
1.42

- m\s\

1.40 I~

% DENSITY

\S\

10 30
B 2{ESCALE

SOFTWARE

— for Density Gradient Liquid Preparation,

Density Calculation and Graph Printout —

Density Calculation

Calculate density values by entering the tube scale readings of
the samples boxes in the table.

The least squares method is used for calculation. To apply the
least squares method, fulfill the table with necessary values.

1. Input the standard density floats tube scale readings and actual
density of the standard density floats.

1 2 3 4
n 1 1 1 1
Scale Reading : X 46.7 42 34.9 29.7
Density : Y 1.3801 1.3848 1.3902 1.3949

Theoretical Value Y 1.380452 1.384376 1.390305 1.394647

5 6 7 8
1 1 1 0
23 17.2 11.2 0
14 1.4051 14101 0

1.400241 1.405084 1.410094 1.419446
Scale Reading: x = Tube scale reading of standard density float
Density Value: y = Actual density of standard density float

When graphing the resultant data, 'x' and 'y’ become X-axis
(horizontal) and Y-axis (vertical).

'n' is the number of standard density floats. Generally, one float
is used for each density value, n = 1.

The Y theoretical value 'y' is obtained by the following table and
expressed by the equation y = ax + b.

2. Using the data collected in 1., the following table can be obtained.

No. n X y Xy X" 2

1 1 46.7 1.3801 | 64.45067 | 2180.89
2 1 42 1.3848 | 58.1616 1764
3 1 34.9 1.3902 | 48.51798 | 1218.01
4 1 29.7 1.3949 | 41.42853 882.09
5 1 23 1.4 32.2 529
6 1 17.2 1.4051 | 24.16772 295.84
7 1 11.2 1.4101 | 15.79312 125.44
8 0 0 0 0 0
- n= E Yy = XXy = x" 2=

5 7 204.7 9.7652 | 284.7196 | 6995.27

By using the values in the total row, the least squares method
equation can be obtained.
Equation:y=ax +b

a= b=
After obtaining values for a and b, the theoretical value for y
can be calculated.
Verify the calculation equation by substituting an arbitrary
number for the tube scale reading.

Tube Scale Reading:
Density Value (y theoretical value): |_1.3844

3. Input the tube scale reading for the sample to obtain, a density
value can be obtained.
Tube scale reading for the sample

| 10| 20| 30| 40 |
Density calculated from tube scale reading
[ 14111] 1.4027] 1.3944]  1.386]
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OPTIONAL UNITS

Automatic Constant Speed Sample Lift

REEZEFM—EEETLFTHFISIEIZKY, ¥
YOS —NDEEARBEORNER/DRICHEET, 2
EMEORYHB LEZHERALEGELLERT I L. BE
AREE2ENCIMERIMERT S LN TEET (A
HEHER), ZFEARKOBHAEERE IR FOBIRIC
DHENYET, COXBFANERAERELBOERE—
B—R—RIZWMYHFIFTET,
T

& EIF&EE : 0.9~7.5 cm/min
FEAE : 24 < —RE

Y4 X /EE : 100(W) x200(D) x

335(H) mm, 3.5 kg

EiR : AC100 V, 50/60 Hz, 6 W

BEQRARERLLI=Y +

This unit is used to minimize the disturbance of density
gradient liquid column in the tube by automatically lifting
a sample up or down at a constant speed.
This unit can maintain the effective density gradient two
to three times longer then when using the standard
accessory float lifting rod. Prolonging the life of the
density gradient saves time and measurement costs.
This unit is mounted on the stirring
motor base located at the top of the
constant temperature oven.
Main Specifications
Lifting Up/Down Speeds: 0.9 to

7.5 cm/min.

Control Method: Integrated timer
Dimensions and Weight: 100 (W) X
200(D) % 335(H) mm, 3.5 kg
Power Requirements: 100 VAC,

50/60 Hz. 6 W

Automatic Density Gradient Liquid Maker

FlHEBE LR TE#ERAL. REXZ—EICRDOILTE
BEOBRWIEREZERLET .. BEMBOERFY ~ (B
174+ ORBIRA) FFBRBETTHS. BBXTEE
HIERERIHELBHEINET, HIC. MHTIHEA
DI1—Y—IZHEHLFET, COa=y FIBIERAER
BERIHELFT. Tk
FIEEE oY —FERMIZELD
Fa—E IRy T 4EK
WH LE : 32 ~ 1450 mL/h x4
ITHRFVHIRAE—SF 100 ~
1500 rpm
&R : AC100V, 50/60 Hz, 20 W

FEFER-FELSEUN

Composed of a pump and a controller, this unit is used
to make density gradient liquid with a good linearity.
Gradient can be made liquid with significantly improved
ease and stability compared with the standard
accessory manual liquid maker kit which uses a siphon.
This is recommended for less
experienced users.
This unit is installed on the top of
the constant temperature oven.
Main Specifications
Control Method: Volume sensor
Tubing Pump: 4-gang type
Output Volume: 32 to 450 mL/h x 4
Magnetic Stirrer: 100 to 1500 rpm
Power Requirements: 100 VAC,
50/60 Hz. 20 W

Standard Density Floats

Mgk B mEN TR IRE

- Other than those supplied as standard accessories -

Built-in Type Cooling Circulator

ERUTTAEY 4156, AERESEOTEICARL.
FRATEET,
XA :

AHIEEH : 510/540 kcal/h

EAREFEE : 5~ 40°C

FRKRESRE : 5~ 25°C

Ei® : AC100 V, 50/60 Hz, 370 W
CEXDEIE., FRIC2EHEHMEETIWN
1. BIERE
2. BlEFE

3. CHLDIZEFEBRDEH., HE. RU. BE
4. BWERF T3y

This unit is installed under the constant temperature
oven to keep it at those below room temperature.

Main Specifications

Control Power: 510/540 kcal/h

Surrounding Temperature Requirements: 5 to 40 °C
Cooling Water Temperature Range: 5 to 25 °C

Power Requirements: 100 VAC,50/60 Hz. 370 W

ORDERING INFORMATION

1. Measuring temperature

2. Measuring range

3. Range, quantity and accuracy for standard density
floats to be supplied as standard accessory

4. Optional item requirements




B L ELhEH SYSTEM COMPOSITION AND MAIN SPECIFICATIONS
AR BE Type A Type B
HERERE Measuring Constant Temperature Oven

BEHE (A, BREARE)  EB+5~40 CAHNBEERE
(FFav) ERBE,. 15~40 °C)

BERE (A, BEIHAE) : +£0.05°C

BERIE (A, BREXRE) A—+tFa—=-r #aeME
PID#HlI{E

DY E—0H 64 4K

52 1341) v b 75w kL

HA X (WXDxXH) mm : 580x480x1590 580x480x1260

B 95 kg 75 kg

TR (A, BEI4E) ACL00V 12A (AT 3 UERAELTA)

RERITZIRDY 58—

Y4 X(LXAR) mm: 1100x45¢ 730x32¢
B (lmm%l#) : 850 mm 500 mm
BEZER (70—F)
ZAEST © (0.800~1.199 g/cc)
301 101E

T ERUSNDENRELIZEEIE. T2 3 VTR,
VI roI7 (A, BEH#E)
184K : 3.5"FD . Lotus. XI&. ExcelTf#EHA
1) (BE) SRKERRA
2) BEERE. V7 7ERHA
BEEQRBRERYY b

R
SREE 28 2)ykL) 2@ 1)yl
Ly)avie 3@ 2 &
F2702 Fa—T 2m 2m
BATVeFa—T 2m 2m
A—>—95v7 2@ 2 &
ReEERY b 11{& 11E
D) U E—4E 118 118
FToEHU— RU. HftE (A, BEHEE)
1. BEF (REFHEEZEDE) ............ 1R
2. JA—FEELE ... 1K
3. ARL—2 37 =a7Ib ... 1ER
4. REBERBERESE REZFHEMNE) ... 18
5. IZEFERRERIEE ............... 157
6. REIE (4. ITHMH ... 18
WREALVTFORY—EREE (A, BRE)
1. ZEBEROBRE QE8)

2. BEFORE (85%)
3. BIERERE QE®)

RHABREEHYLGEERET L EABYFET,

Distributor:

Temperature Range (Type A and B):
Room temperature +5 to 40 °C
When optional built-in type cooling circulator is used,
15t0 40 °C
Temperature Accuracy (Types A and B): £0.005 °C
Temperature Control (Types A and B): PID control
with auto tuning function

Number of Cylinders: 6 4

Capacity: 134 liters 75 liters

Size WXDXHmm): 580%x480%x1590 @ 580%x480%x1260
Weight: 95 kg 75 kg

Power Requirements (Types A and B): 100 VAC 12 A
When optional units are used, 17 A

Measuring Glass Tubes
Size (LXInside Dia.): 1100mmx45¢ = 730 mmx32¢
Scale Range: 850 mm 500 mm

(1 mm intervals)

Standard Density Floats
Standard Accessories (0.800 to 1.199 g/cc):
30 pcs. 10 pc.
Note: If floats of other densities and accuracy are needed,
place an order as optional accessories,

Soft ware (Types A and B)

Medium: 3.5" FD Operated on Lotus or Excel
1) Density gradient liquid preparation
2) Density calculation and graph printout

Manual Density Gradient Liquid Maker
consisting of:

Adjusting bottle 2pcs. (2L) 2pcs. (1L)
Silicorte plug 3 pcs. 2 pcs.
Teflon®tube 2m 2m
Tygon-~ tube 2m 2m

Roller clamp 2 pcs. 2 pcs.
Safety pipette 1 pc. 1 pc.
Cylinder weight 1 pc. 1 pc.

Standard Accessories and Documents (Types A and B)
1) Thermometer (with calibration certificate) ... 1 pc.
2) Float liftingrod ........................ 1 pc.
3) Operation manual ..................... 1 copy

4) Test data sheet (with calibration certificate) . . 1 copy
5) Standard density float test certificate . . ... .. 1 copy
6) Warranty (attached to item 4)

Recommended Maintenance Service Intervals

1. Re-verification of standard density floats .. 2-year
2. Thermometer ............. .. ........ 1l-year
3. Measuring constant temperature oven . . .. 2-year

<ES> (#F) SRS B SIERR

REHMEEREKIEF 3—11—8  T170-0005
TEL:03-3987-4151 FAX:03-3987-4155

SHIBAYAMA SCIENTIFIC CO., LTD.

11-8, Minami-Ohtsuka 3-chome, Toshima-ku,
Tokyo 170-0005 Japan

TEL:81-3-3987-4151 FAX:81-3-3987-4155

http://www.shibayama.co.jp e-mail: ssc@shibayama.co.jp



