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Historical Development of Silver Halide-based Color Photographic Paper
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B Abstract

Over most of human civilization, painting was the only means of recording images. However, that changed some 180
years ago with the invention of silver-halide photography which enabled humankind to record true-to-life images.

The earliest photographs were directly etched onto photographic plates, but in a relatively short amount of time other
methods emerged, which would go on to become the norm, whereby images were transferred from photographic plates and
printed onto photographic paper. Initially, Europe was at the center of developments in photographic technology, with
America also commercializing photography soon after its invention. Whereas photography itself found its way from Europe
to Japan relatively early on, commercialization of light-sensitive photographic materials didn't start until the 1880s, around
40 years after the advent of the technology.

Although photography experts had been seeking ways to create color photos beginning in the late 19th century, the type
of color photography that we are all familiar with today didn't come into being until the 1940s, during the Second World
War. After the war, Japanese manufacturers set their sights on the color photography market, and embarked on efforts to
catch up with the technology of European and U.S. manufacturers. Consequently, Japanese manufacturers rapidly gained
ground on European and U.S. manufacturers thanks to tenacious development efforts on the part of Japanese engineers,
effective teamwork across different sectors, constructive rivalries among numerous domestic manufacturers, and surging
Japanese demand for photography-related products in the 1970s. By the mid-1980s, Japan’s efforts to develop the
technology led to its becoming the worldwide leader of the industry.

Light-sensitive silver halide photographic materials offer a wide range of applications, including uses in media for black-
and-white/color photography and photographic light-sensitive materials for cinematography, commercial uses in the printing
industry and other sectors, and applications such as x-rays films in the field of medicine. This study of historical
developments in technology looks at the color photographic paper for making color prints, familiar to consumers. At the
same time, we look at the history of photo printing materials that paved the way for the development of color photographic
paper, and overview historical progress that led the way to today’s color prints.

Our findings show that the history of technological developments with respect to paper for color photography is one of
engineers seeking solutions that would deliver consumers beautiful images quickly, and provide them with photos resistant
to fading over long periods of time. In technical terms, three factors posed significant challenges: 1) color reproducibility, 2)
image durability, and 3) speed of photo developing. To bring about improvements in those areas, engineers came up with a
string of technologies in the areas of paper support, silver halide emulsion, layer structures, couplers and anti-fading agents
and other organic materials, and also with respect to photo developing solutions and equipment. This study describes
efforts taken with respect to individual materials in terms of stages in the development of such technologies.

In a mere 70 years following the advent of silver halide-based paper for color photography, development efforts delivered
several results: 1) With respect to color fidelity, manufacturers successfully came up with the technology for color photos
that vividly and faithfully depicted subject matter, from the previous technology that delivered photos with low saturation
levels and unsatisfactory color. 2) With respect to image durability, in just 20 years, from 1970 to 1990, researchers
improved storage longevity sixteen-fold with respect to the life of cyan image pigmentation under dark storage conditions.
Meanwhile, over the span of 50 years, from 1942 to 1992, researchers brought about a 400-fold or greater increase in the
longevity of magenta dye, which is the least robust dye on exposure to light. 3) With respect to the photo developing
process, researchers successfully reduced the time it takes to develop photos fifty-fold, from the previous 42 minutes to
just 52 seconds with the fastest minilab systems (1999). Over 60 years, from 1942 to 2000, development efforts also
brought about a ten-fold decrease in the amount of silver coating on color photographic paper.

Although efforts to develop photographic paper for color prints did not directly result in other new technologies, other
forms of print media like ink-jet did benefit from the increased performance of such paper with respect to attributes such as
color reproduction and image longevity. Also, image processing technologies developed for digital minilabs now play a role
in face detection and image quality enhancing technologies used in digital cameras, smart-phones and digital-printers.

The market for silver halide photography has been rapidly diminishing since around the year 2000 amid the growing
prevalence of digital cameras beginning in the mid-1990s. This has led to a scenario of increasingly fewer manufacturers
who produce light-sensitive photographic materials. By looking back on the history of these sorts of technological
developments from our current vantage point, it is hoped that this study will provide some measure of support in future
efforts to develop new technologies.
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YITREATETF 4 VIALT, Txa s LT T, W
NLFFrVLF 74 TER UL &) HEN %2 BURILEL



CEBBIET WL TH L Y,

Tr7uy 4 riE WREBoau It AT
BBV Z TR VMG OboX o 72rid g
FHolZL U725 R o ifmizEM 2o TRIEL
%) LLTHZMTH o720

T4 VIAL T ST FOERO LIcan
Vv HRS72HDT, B ARTHRWIDE L TH
NI VOB TH o720 T4 ¥ 74 7131880 4E
RCBYETF VM ERT 2 FETIESAH SR
720 72084 TIEHOERE 72D TH 5,

4.1.8 #OEROESFUERRSA  ESFUER

871 A FVAANDEZF) Fx—F-V—F %
kv 7 A (Richard Leach Maddox) . 5tz ¥
FF TG BMLIARPHE L, IhEA T ARICE
A LHeH LT SEREICHH T %8280 (Dry plate) %
WL 7> (British Journal of Photography 12%6%) ¥,

47 UFv—F-U—F -TRys2?

COE¥TF Vg, BRXoaa Yt A AITHN
LY b7 AMbEL, ZHRLTHEUEOHILD
A7 L BB ITAL BT % 720 DI R W 2 1
LHRLDED MR EMA DAL D > 720 1873 4
W~ ¥y 7 ZUSHNDMADDAL FY ZAADBETF ¥
AKOBAETFEY L, BPEaa I+ v A7 L DK
Mol BED R Bol

AUE T CRRICEETE 2720, GHRIIAH A
FICANTHR T LT TR L), GEMBO4 R
PO ETICRER L7256 L7,

4.1.9 E3FVEEHUEEE : P.O.P.
(Printing-out Paper)
1865 A FY AD Y 7Y~ (G.W.Simpson) 133
bfaa v+ rope& I LEEH P.OP. (Printing-out
Paper) 2#&4 L. 1868 4EIC7Y A ¥ 47 (Aristotypie)

DT, Y DF—_XNV A5V (JBOvernettel) 7%
HERE LS 58 LA a3 E RS L a7z 7

1882 4E 124 ¥ A D HNAb#H 7 7 % — (Captain W.
De W.Abney) 12X 0., Lo E 5 F v A 2 KK
FARIC®AT L 72 L E 5 F ~ B & L FI KA
Photographic Journal I2F&R I N7z, KBtk Eoul
NN THENTHIETHETLBESM LUK > TH
Ba2fi7=tt (VbW s HRGE TP R B2 L%
EL%BW) N RITK BER LKL TRE L - mifg
ZHWT, €7 F UBEE M LN (a I UBE
S LAWK E XY 5729, Gelatin printing-out
paper) &IFiEhi=",

1886 AW KA Y DY) —E¥ H >~ 7 (Liesegang) I &
O Aristotype & L CLEMICEE S, WHITEA
Ehizo 1891 4EZid A W7 + — Nk (Lford) ORIH
DTVT 4 v ¥a - J—2r Atk (Britania works) 3
Wik xind, 18924234 —A M= - a¥ v 74t
(Eastman Kodak) ® “>Y Y % (Solio) " ® &M T
Wi ALY Y,

4.1.10 Z0fthDENESTC

19 R P EICII SR 2 AV L 22 B E oI, #58
DENE T EAFE S M IEAMb S iz,

1855 #EIZAR T b7 7 ~ (Alphones Louise Poitvin)
. VAR Y PAVIB2AEICHA L -E s v A - ¥
I F VOB AR L. €5 F VBECER 2N
A WAL L 72880123k 5 BB TR ZTRIR T 2 A —K >
FIVW 3 2 S L 72 P

F 72, 1858 4EIZH 7 ~ ¥ — (John Pouncy) 13&H >
UAREE T 7T TLE VLT LHERETEY L
oo TNHOBEROERE, a0 Y VRIS
T 5% 1860 4127 7 YV (Fagiel) 2375 L.
27 v (JWSwan=Edison & k&7 1 5 A ~ b &
ZILFFEW) AT hERESE TR A —K Y
FR 3 % g L7z

IS ERFHET, IB2FITA FY RADON—Y 2
(Sir John Herschel) &7 =V #3E2 MM LT, 88
DHFBOWMBZEK T HY 4 /7 %47 (Cyanotype)
BER LT 1873 AT Y AAND T 4 ) A (William
Willis) 12X 0, SIEOBLIEZFH L THSDOB 2%
375 FFHIMP: (Platinotype) 2SR SNz. T 72,
1890 4EEHL 4 /W F (Alleyne Reynold) (2X Y35 Y
Y A% v7zo85 T AL (Palladiotype) 23BH5E
SNz TIFFHEIL, 285 T ARV T E T O R
ADH B MR THRANES RO T, SEEDOFTHERITD
Bl S h 2 X9 ko7,
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I 4.2 SERBEMEAN

HALSR B LD ¥ 5 F VHANC 2 E D BF V20
SUHGHORNAMTH 225, ZOBRILFN L BURLEH
FEHINBFEON T T ALROARTY v MR
fELTwo iz,

42.1 RYOESFVREEER : 7OV 1 R

1874 fEI2A ¥ A ADE— XL — (Peter Mawdsley)
. 1871 4EIC= Ny 7 A3 L 72 RALSRELA 2|
MACHBATT 2 & AFICHHBEKICBISHTE A2 L2
REL., 70~ FEZMES72 % BULEES F VAl
W (¥5Fv - 704 M) 2B L CGEBR%E
fEo 7zt ¥ a7 BE—kE T AL T %
FEA 1880 4EIC A T LT X Y BEHEE Nz,

Y5 F VHRARRICNL V=¥ F v &)
&T, oo Fofll ek LBttt o5er s
iz, BBk E R o 2 VIR T34 B ASn] kLS
ol Tl €7 F Y IAAITOBEIERAKTE T
PNTVLDRENFH L TN LIS Hvs
N7zo POP. L7430 BURMBLE R T & H 5 BEHMK
D.O.P. (Developing-out Paper) &W:iEisz,

422 BERESFVIRGHEE : HXS54 ME

F—=ZA M) T7ADITFI (Josef Maria Eder) & A
ZYUT7TANDOE Y 411 (Giuseppe Pizzighelli) 1%
1881 AE LR ¥ 7 7 Y HIEIME (7 1 F 4 F#K) %
FF L, 1882 4T TR AEE L 72 %

CHIRESFV - 774 FE D IREIMEH -
7ot KBt EDOMVCHETENLT 2LEDOD HBES
MUK E R, FABREOW») THENLTE
LI, HAFA4 M (Gaslight Paper) & T
. BAMEERKE LTSN, ZoANEA A
HaEbhad o ThRIEM SR, 1894 4
X7 A1) 5@ Nepela 12 & 0 “Velox” D% Hi T
7t &7z (Nepela#k13 1900 4123 57 v 7 ICHIL S
h. a7 Velox 2isEL7) Y

¥ I F BUFILEED R O TEN TR S 1A
TR C &R, EVEVE T O MR SUL A E % &
A GRIRA D 72D, RO XK ) RAHTHEERD)? O
FRTHAZZ A S BRI A A o 720 IREE
DEWIOAHEIOCIC T &L TLE) (BEE
HLUATIIEEMEIC R S Zw), BEEH UKIZEE
LGOS REGZ W TE 7225 BUFMKTIZBL
BRLTARWEBEPIE Lo 2L b biwn
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e THD, ¥IF VHBURAIEKDO X ) L/
R—=3 3 V&, AL THAAHER L ogd XS
R OBEEIZ L DGED D 5o

FII D EIEATBIN & € 5 F VBE& H LRI
Ho TV 7zOH 1830 UK, T HITE¥ T F v Blff
MU IREBIZE &b o T 1% 1890 £ 1T D &
L Thb,

423 ETRBESFVREHEE :: yO007074
R

I 7V 1883 4F (T3 AL S & BAL Sl o H & 2313 1T
Froruoursuxf FRERELZ, SHEFT AT
4 ML Ta~ AL FREOPBWREE (FAF4 b
MEOEL, 734 FRE D) THY., A -
ST L oM Iz, SRR Z & THIEHKO DL
WD TR E o729 1880 4EA 5 1895 4EEHIZIX N A
V. TGV AAFYA, TAVHETEIASOE
] 66 D B 7% % B L BOB MR TES B ISR L
=7 WEALSBUIZ D% T — FIRE ORI 2 5 T
HIRALEAHH S, 1986 sED ¥ v 712X B3
ALIRANDOETE F TR 100 127z D v 7z,
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1802 4EI2¥ ~ Z (Thomas Young) 2SARDHIZIX
Z0o0Zk BER) BB LEREL, 1850 4
VA ARIVY (Hermann von Helmholtz) 232 &D=
DOZHANE (B). k& (G). & (R) ICHIBLTED.
ZODENT Y AT A Rtk KT 5 2 LA
KHEVIIGRIZHBE SR (YT - ANV LFLY
D 3 ).

Ao HTRZ 2088 (B X% 400~700nm)
DN %, GEO TR %A 19 i
M OREA B SN TE 2z RHRWITIZ 1914 4EI27 1 v
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Wayy 72k EHbShRBOBGBECLSh
I—HBHNERE L7,
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Lo lze ZD# 1850 4EFi #1227 LV (Edmond
Bequerel). 1850-60 %I > ¥ 7 b — )L (Niépce
de Saint-Victor) [2& 9 ¥7 Lt ¥ 4 7tz idsks
% Ewv ) kA (Heliochrome) 3% Ezds, R0
WaEHT BT LKLY,

E5HIT181 4, vV (Levi LHill) 2SEHEH S —
ru s 47 (Hilotype) THh T —BH{ROMEE % 5
L7 FMOBREIEAZZ &R, HHHR) £
HkZeholzZ b oRF VHIFIEb ) Sz, T-H#
W&o THIR S N7 Z eI L723E4E (2007) off
ZEDORE, eI tah % LB T 5 2 LK TH
HH AW EnL 0,

(2) Uy IRVFTHE (IENGE)
ChHEDRALRBELEST2T 7O —F Z2RAATZD
239 v 7<= ¥ (Jonas Ferdinand Gabriel Lippmann)
Thbo MWix 1891 IO Tz FIUH L 7B 7%
HELX A7 —WBEOHBUZRG L (Vy T
T Yo W48V v 7~ v THEOKME R,

-EEE UkR)

X 48 UyTv FHACLBHS—EEBEEOERE (£)?
EEERE (T) ?

AL D3 > 7 aALERILA 2 8 A L7277 T R
WOAFN M Z AKRSUHEM S, 77 A MHSHBNET S
EAITTA SO E . KT A L7otid D
DR EFH B LA ) oA KT, MDA #HT

FAAEOWS HINT, WRITK Y R4 BTl
WATEAAZBOE SRS, BURHE. FARICAKMRZ I
AT L TBIZT 5L, ol iz s
HHATH S, KOBRRZOBOZHLHTIL=—2
THMATH D, BT A T4 T Tholzhs, Blgk
PLED TS LR R, BREPE L {Kw, K
BUEHOBREL R YW R L e o7z, LeL. ZOH
MY v I MEIars5 0L LTHR>TWh,

432 MEENS—EBEH

BRI EAROE (AX7 ML) 20 OhDHk
B L CREs LA T EIEY . Shhblisrz
SRRV EBERATOEHAT I TETH S,

(1) mesh>—8BE

1855 4E~ v 7 A7 =)V (James Clerk Maxwell) 1%
WHDG %2 30 O K (400-500nm O 7 % O,
500-600nm #k 6. 600-700nm O FARfSE) 20 L
THog L. BUomifz Ehafbe Loz H
Wb HEEER LIz, 1861 FEICChE FEiEd 572
0. 3HEI O MRIE O KB Z 2 DT T ZAMD I
FHURADZZ 3EHIRT 4 V& — 2o THRERZ Y
L. 79 AEAREO MR (MROSER) %1k
L7z SNEGFREEFMLET A VY —% 2T 20E
BCTAHMAZ ) —VIZHE LT, toHEERE BT
HTEWTHY Lice 2720, %y 7 A7 2 VB HI Wz
74N —ZEMEDME L RO D DAY
BICBOET 28y 70vF v 7 Tldhdh -0 T,
EbOTHHREEEYTH - 72,

ZOHB/ G/ ROWNEITT 4 NV —% Tz
RO EZBA L., 74 VTN SHBE T HE
FA 7 A7) =V AbRIBE SN 190427 T >
ZADY) 2 I = — )V (Auguste and Louis Lumiére)
FE U0 d TARAMR T % 3ICGDRTT 5
MICHE L7274 vy — % wicd — 7 v — AT
BERLT

B49 YaII—IREH () BA-—F21ZN (K) $I1?

SRR T — ENEM ORI R LRE
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1916 4212137 777 7 &1 (Agfa : 1867 4EAIE D Yekt
A=y —HRIET, 1890 R LHEHFFEICREY ML
72) oBEMLLETIETTLDEFL 2 A7) =V
BT 77 7 55— M (Agfa Farben Platten)
VR EINTZ, SO HAITWMBINTH - 7255
T4 NE =DM BHTHLAA TN TV D720, J&REE
DL LG TIDIE T BT A v v THolo

CNBIF1935 4T ¥ Y 7 H3EHIE % 3 G %k
LR aEOrS—7 4 V2 ERETHIT, 1E
DBNTH T —WBEPHONIHE—DHEY X T AT
Holze TNERBLT, Va)—=ATF—RA7 )=V
B (1896). F27 =4 75— (1908) % LHP.oE
FA 2 A2 ) =V Y RAT DS HSEEEN Y,

(2) BEEHNT—BE
WMOBIEGHES S A 2 S IE 2 MRLT, £
DOBITH W27 4 V7 — DRt h 7z 2 (FF %
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DhT—BHEZRLTETH L. BaIEHNOTY
Y MRS KT B E T SO JEDS I S .
1855 4EICT7 T Y ANDERT VT 7 V5, H7u Ll
DBSEEZ A L - B EAER B T 5 A — K > FlIl
ZRW L7 COFELZISH L TI1862 EHR TR
WHhT—T) Y MERED IR EZZRL 72005,
75V ANDTF 2352+ F+—u1 ¥ (Louis Ducos
du Hauron) T&H %725, Biid 1869 FEF THES
Lol

K410 Fz-#-0O>?

3R ATV, REAROGHA T 2K T S
FCTIIMBEEFRLETH S, A—FRHWEICL S D
=7V NI AL O X H eSS, OiRFEHZ
E5F VHICREE, MO LICEGLERL A —KR Y
T4y Y akfERT 5. @QE 7 0 ABAKERICRL Tz
B3 b LB ON D, @R 2EHSETHER
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(3) 3 EBNEELDEZIL

Ik b A WIS T A Vv y — %A Z 723 I
DBEXPVUETH D, ThEMUIATS 7204 D)
B REI NI,

OUMPERR Y /F A

1873 4EIZANV = v - 74— )V (Hermann W. Vogel)
XD B RAE I S . FH DA RROE BRI &
BEELOTHIMES L Ih o7z, 1895 FITIEHN
WIZIFT—ZRBELTL Y AH5DN% 32240,
FNENICR R ZBEEBOMLDOT 4 V7 —F T T,
—EDHENLT IMDEHMECENT S, 7T ay
FARAGEIENDHEHR A A T DKM S Nz,
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4.3.3 RYIDZEAS—ENME : 35 o0—L4

FEBURE 2 W THRMR 2R 2 Mk s
I —BHOIERFIHIE, 19144127 4 v ¥ v — (Dr.
Rudolf Fischer) 12X ) &% - R Iz,

X417 IWKLT - Tqyv—2?

RN BUREE Wiz h 5 — gL sz
DIZ. 1935423 5y 7423 H IR L 72 16mm W1 ] 4
FG—=UN—=HNT7 4 VA, a¥7u—2A (Kodachrome)
Tholo BNUBRIERBRELT, MIRTHEHEOMZ
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TN EANETE 5 72 1917 A2t i O We il %2 FL T
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